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FOREWORD 

It is with great pleasure that we present the papers compiled from the 2nd International Student 
Conference of Civil Engineering. This conference, organized jointly by the Faculty of Civil 
Engineering at the University of Prishtina "Hasan Prishtina" in Kosovo and the Faculty of Civil 
Engineering at the Polytechnic University of Tirana in Albania, stands as a testament to the 
collaborative spirit and scholarly endeavors of our institutions. 

Our main aim in convening this conference has been to foster an environment where young 
minds in the field of civil engineering can come together, exchange ideas, and contribute to the 
advancement of knowledge in this vital domain. Over the course of three days, from 25 to 27 
April 2024, we had the privilege of hosting a diverse array of participants, including esteemed 
keynote speakers from various corners of the globe. 

We sincerely thank all the participants, speakers, organizers, and supporters who have 
contributed their time, expertise, and enthusiasm to make this conference a resounding success. 
We hope that these papers will serve as a source of inspiration and knowledge for current and 
future generations of civil engineers, driving progress and innovation in the field. 

On behalf of the Faculty of Civil Engineering, I extend my heartfelt congratulations to all 
contributors and wish them continued success in their academic and professional pursuits.  

Sincerely,  

Prof. Ass. Dr. Florim GRAJÇEVCI 

Dean of the Faculty of Civil Engineering, University of Prishtina “Hasan Prishtina”. 

Conference Chair 

On behalf of the Organizing Committee.  
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Flowing Towards Tomorrow: Unveiling the Water Wisdom of European 
Integration and a Sustainable Future 

 
Enkelejda Gjinali 

 
Department of Civil Engineering, Faculty of Civil Engineering, Polytechnic University of Tirana , Tirana, 

Albania 
 
In Southeast Europe, countries are at different stages of harmonizing, transposing, and 
implementing environmental legislation aligned with EU environmental legislation (acquis). 
So, Albania, Montenegro, Serbia, and the Republic of North Macedonia are official candidates, 
with accession negotiations and Chapters opened for these countries. Kosovo, Bosnia, and 
Herzegovina are potential candidate countries. The Republic of Moldova also has an EU 
Accession Agreement. Most EU candidate countries are under pressure to move forward faster 
with such alignment and require strengthened counties capacities, often requiring financial 
support. EU water policy is one of the cornerstones of environmental protection. The rules 
protect water resources and fresh and saltwater ecosystems and ensure clean drinking and 
bathing water. In this context, the Water Framework Directive provides the main framework 
and the objectives for European water policy. In the European Union's Water Framework 
Directive (WFD) context, "Good Status" refers to the ecological and chemical quality of water 
bodies such as rivers, lakes, coastal waters, and groundwater. The WFD aims to protect and 
improve the quality of water resources across EU member states.  Water bodies must meet 
certain environmental objectives and standards the WFD sets to achieve Good Status. These 
objectives include criteria related to water bodies' biological, chemical, and physical 
characteristics. Achieving and maintaining Good Status requires comprehensive monitoring, 
assessment, and management of water resources. Member states must develop river basin 
management plans to outline measures for achieving Good Status and preventing further 
deterioration of water quality. Overall, Good Status represents a healthy and sustainable 
condition for water bodies, promoting biodiversity and ecosystem functioning and providing 
clean water for various uses such as drinking, recreation, and agriculture. 
 
Keywords: EU water acquis, Good Environmental Status, WFD Water Framework Directive, 
Sister Directives.  

1. INTRODUCTION  

All four Western Balkan countries—Albania, Kosovo, Montenegro, and North Macedonia—
are advancing their aspirations for EU integration and negotiations with EU member states. 
Among the 35 chapters, Chapter 27 focuses on Environment and Climate Change, shaping EU 
environmental policy. EU environmental policy aims to foster sustainable development and 
safeguard the environment for current and future generations. It  emphasises preventive 
measures, the polluter pays principle, addressing environmental issues at their source, shared 
responsibility, and integrating environmental protection into other EU policies. 
Under Chapter 27, the EU acquis comprises over 200 legal acts, categorised into 73 main 
directives and regulations. These encompass diverse areas, including horizontal legislation, 
water and air quality, waste management, nature protection, industrial pollution control and risk 
management, chemicals, noise, and climate change, divided into nine subchapters. One of these 
subchapters, "Water Quality," encompasses ten main directives. Consequently, in the four 
Western Balkan countries—Albania, Kosovo, Montenegro, and North Macedonia—Chapter 27 
on the Water Subchapter, with numerous shared interventions aimed at fulfilment. Although 



 

12 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

Kosovo and Albania took important steps towards the European Integration level to increase 
transposition and implementation of EUD (European Directives), significant challenges remain. 
EU integration, which considers the water quality subchapter of Kosovo and Albania, is part of 
this study. EU integration, particularly concerning the water quality subchapter, encompasses 
Kosovo and Albania as integral parts of this study. 
The EU progress report for Kosovo [1] acknowledges the need to align water legislation with 
EU Directives. Urgent actions include establishing monitoring systems with publicly available 
data, enhancing water protection zones, and operationalising river basin district authorities. 
Adopting the White Drin basin management plan and expediting preparations for other river 
basin management plans is imperative. Compliance of small hydroelectric power plants with 
environmental legislation and appropriate assessments is crucial. Although progress has been 
made in preparing flood risk maps, untreated sewage remains a major source of water pollution, 
particularly in rivers. The development of wastewater treatment plants in larger cities should 
prioritise identifying agglomerations and sensitive areas following the Urban Wastewater 
Treatment Directive. Efforts to reduce water losses and improve wastewater collection need 
intensification. 
The EU progress report for Albania [2] acknowledges the necessity of further aligning Albanian 
water legislation with EU Directives. Key recommendations include completing and adopting 
the River Basin Management Plans (RBMPs) for the Shkumbini and Vjosa. Albania is urged to 
strengthen transboundary basin management, particularly concerning the Drini-Buna and Vjosa 
river basins, in line with the Green Agenda for the Western Balkans. Collaboration with Greece 
in developing the Vjosa River Basin Management Plan is encouraged, given the river's 
ecological significance and national park status in Albania. Urgent action is needed to establish 
a national water monitoring program with adequate resources and ensure alignment with several 
EU water acquis. Albania should also enhance and expedite water reform measures, ensuring 
full alignment with the Urban Wastewater Treatment Directive. This entails extending sewerage 
networks, implementing appropriate tariffs for wastewater treatment plants, and constructing 
new facilities, especially in urban and coastal areas with significant tourism development. 

2. METHODS 

The methodology or approach employed in this research focuses on identifying challenges 
related to EU integration, with particular emphasis on the water quality subchapter for Kosovo 
and Albania. Both Countries are essential to this study, highlighting their significance in the EU 
integration process. The methodology for undertaking this research is relatively 
straightforward: data collection and analysis. Therefore, the main issues or problems that will 
be addressed in this paper are the following:  

• Country's Context and Respective Water Potential, 
• Country's Status of Chapter 27: "Environment and Climate Change" Sub-Chapter: 

"Water Quality", 
• Country's WFD and its interaction with other EU legislation: 
• How to Transform Challenges into Opportunities for water sustainability and 

integration. 
 
2.1.  Country Context, Water Potentials 

The Kosovo hydrographic basin is 6.8% larger than its administrative-political surface, 
suggesting that most water originates within its boundaries. Kosovo’s water catchment area 
drains into the Black Sea (50.7%, represented by the Sitnica and Morava River  Basins), the 
Adriatic Sea (43.5%, represented by the Drini i Bardhë River Basin), and the Aegean Sea (5.8%, 
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represented by the Lepenci River Basin). [4] It has been estimated that Kosovo has only 1,600 
m3 of water/year per inhabitant. [3] 
The Albanian hydrographic basin is 50% larger than its administrative border, indicating that 
most water originates outside its boundaries. Albania’s water catchment area flows into the 
Adriatic Sea (represented by the Drin-Buna, Mati, Ishmi, and Erzeni River Basins) and the 
Ionian Sea (represented by the Vjosa River Basin). Kosovo and Albania's joint water catchment 
area drains into the Adriatic Sea, encompassing the Drini i Bardhë River Basin and the Drin-
Buna River Basins. [5] Rivers discharge about 1,300 m3/water per second to the sea, making 
Albania the biggest water discharger in Europe per head of population. Albania has about 
13,000 m3/water available per inhabitant/year.  
Albania also has three major natural lakes (Ohrid, Prespa and Skadar), 247 small natural lakes, 
and 650 artificial reservoirs. The country has access to the Adriatic and Ionian Seas with a 
coastline of 427 km, of which 273 km are on the Adriatic Sea and 154 km is on the Ionian Sea. 
The coast is also home to several major protected natural lagoons: Kune-Vain in the north, 
Karavasta and Narta, and Butrinti in the south. 
 
2.2.  Chapter 27: “Environment and Climate Change” Sub-Chapter: “Water Quality”  

According to the new negotiation methodology, which the European Council approved in 
March 2020, the negotiations are carried out based on six groups of chapters (clusters), which 
consist of (1) The Basic Chapter Group, (2) The Internal Market Group; (3) Group Chapter on 
Competitiveness and Inclusive Growth; (4) The Green Agenda and Sustainable 
Interconnection Group; (5) Resources, Agriculture and Cohesion Group Chapter; (6) Group 
Chapter of Foreign Relations. Chapter 27 (group 4) comprises over 200 legal acts, out of which 
79 main legal acts cover 9 subchapters such as horizontal legislation, water quality air quality, 
waste management, nature protection, industrial pollution control and risk management, 
chemicals, noise and forestry. Compliance with the EU environmental acquis requires 
significant investment. Environmental problems are mainly related to the impact of human 
activity on environmental resources.  
These generally take the form of pollution, depletion or degradation of water, air and soil. Soil 
erosion, salinisation and water pollution, desertification, deforestation, and (for Albania ) coast 
degradation are the biggest environmental damages and problems in places like Albania. 
Water, waste and air management are among the most comprehensively regulated areas of EU 
environmental legislation. The sub-chapter of Water is composed of 10 pieces of legislation. 
The main Directive is Water Framework Directive 2000/60/EC (WFD), which is Europe’s key 
tool for protecting the quality of its waters in response to the increasing threat of pollution and 
the increasing public demand for clean waters. [6] The key WFD objectives are expanding the 
scope of water protection to all waters (surface waters and groundwater), achieving “good 
status” for all waters by a set deadline, water management based on river basins, “combined 
approach” of emission limit values and quality standards; getting the prices right (including 
polluter pays principle); getting the citizen involved more closely and streamlining legislation. 
Based on the main requirements of the WFD, the following legal context’s European Water 
Policy introduce targets and tools to be followed by Member States, such as the following 
session 2.3 and sub sessions from 2.3.1 up to 2.3.9.  

 
2.3.  WFD and its interaction with other EU legislation 

The Water Framework Directive (2000/60/EC; WFD) is a comprehensive legislation that sets 
clear quality objectives for all European waters. One key purpose of the Directive is to prevent 
further deterioration and protect and enhance the status of aquatic ecosystems concerning their 
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water needs, terrestrial ecosystems, and wetlands, which directly depend on the aquatic 
ecosystems. The WFD covers all waters, including inland waters (surface water and 
groundwater) and transitional and coastal waters up to one sea mile. For the implementation of 
the WFD, the totality of waters is attributed to geographical or administrative units, particularly 
river basins, river basin districts, and water bodies. [6] The WFD (2000/60/EC) reflects a new 
way of thinking and follows particularly key objectives expanding the scope of water protection 
to all waters: surface waters, including coastal waters, and groundwater, achieving "good status" 
for all waters by a certain deadline and preserving such states where it already exists, water 
management based on river basins, with a "combined approach" of emission limit values and 
quality standards, with appropriate coordination provisions for international river basins, where 
river basins are located in more than one Member State and/or also involve the territory of non-
member States, setting prices for water use, taking into account the principle of cost recovery 
and following the polluter pays principle, getting citizens involved more closely. 
 

Table 1. Status of the River Basin Management Plans, Kosovo – Albania 
RBMPs Albania: Status of adoption 
Drin-

Buna 
Adopted Drin-Buna RBMP by the DCM Nr. 849, dated 4.11.2020 
(Funded by WB and SIDA) 

Mati Prepared and consulted, approved by NWC Decision No. 3, dated 12.10.2012. 
 Funded by EU and ADA through the EUSIWM Project. 
Adopted Mati RBMP NWC 2015 
Adopted Mati RBMP by DCM No. 833, dated 28.12.2023. 2024–2029  

Ishëm Prepared and consulted, approved by NWC Decision No. 4, dated 31.05.2023. 
Funded by EU and ADA through the EUSIWM Project  

Adopted Ishem RBMP 2024–2029, by DCM No. 624, dated 8.11.2023.   
Erzen Prepared and consulted, approved by NWC Decision No. 5, dated 31.05.2023.  

Funded by EU and ADA through the EUSIWM Project 
Adopted Erzen RBMP 2024–2029, by DCM No. 623, dated 8.11.2023.  

Shkumbin Not adopted (IBECA project funded by EU) 
Seman Adopted by the DCM Nr. 453 of 10.6.2020 (funded by WB, SIDA)  
Vjosa Not adopted, AMBU/EUSIWM project prepared a diagnostic analysis  
RBMPs Kosovo: Status of adoption 
Drini I 

Bardhë 
RBMP is almost completed, and it has been under public discussion until the end 

of 2023. This plan was implemented through the SIDA funding 
Ibër  Three RBMPs are almost completed (over 90%). 

The program of measures is in the process of drafting. 
These RBMPs have been implemented through the ARPL-MIRU/IWRMK 

Lepencë 
Morava 

Source: The author compiled this table based on AMBU and ARPL 2023 data. 
 
Status: WFD is partially transposed into Kosovo legislation. Albania has recently almost 
completed its transposition.  
 
2.3.1 Directive 91/271/EEC Urban Wastewater Treatment (UWWTD) 

Implementation Chapter 27 is considered one of the most expensive negotiations in EU 
chapters, primarily due to the water sector infrastructure (constitutes more than 60% of the 
public investment requirements for the whole Environmental Sector), particularly wastewater 
collection system and treatment, which requires significant environmental infrastructure 
development. The Directive establishes minimum requirements for the collection, treatment and 
discharge of urban wastewater and the treatment and discharge of wastewater from certain 
industrial sectors. Its objective is to protect the environment from the adverse effects of such 
wastewater discharges.  
Important requirements are: Identify the relevant hydraulic catchment areas of the sensitive 
areas and ensure that all discharges from agglomerations with more than 10,000 p.e. located 
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within the catchment area of the sensitive areas shall have treatment more stringent than 
secondary treatment and establish a technical and financial programme for the implementation 
of the Directive for the construction of sewage collecting systems and wastewater treatment 
plants. Industrial effluents represent a priority issue, particularly in urban wastewater systems 
that receive mixed household and industrial wastewater, apart from rainfall water. In particular, 
the contribution from industry must be properly regulated to avoid operational problems at the 
Wastewater Treatment Plant (WWTP) and the transfer of pollutants in the effluent or sewage 
sludge. [9]. (UWWTD) Grand Total Capital Investment and Legal, Policy and Institutional 
Measures are estimated at 2,355 million euros.  
Status: UWWTD is partially transposed into Albanian legislation. Albania [12] has delineated 
165 agglomerations and 18 sensitive zones and has prepared the Developed Directive-Specific 
Implementation Plan, 2023-2050. The sludge production is projected to increase from 8 tonnes 
DS/year (t DS/y) to 40,000 t DS/y by 2050. A national plan to manage sewerage sludge for 
2023-2050 has been prepared. [14] In Kosovo, the UWWTD has been fully transposed into 
national legislation through a bylaw known as the Administrative Instruction on the Discharge 
of Wastewater into Public Sewerage Systems and Water Bodies (2022). Kosovo is initiating the 
plan to ensure compliance with the measures required under this directive. Also, Kosovo has 
adopted Administrative Instruction no. 02/2022 for Conditions, Manners, Parameters, and 
Limit Values of Wastewater Discharge into Public Sewerage Networks and Water Bodies, 
similar to Albania.  
 
2.3.2 Directive 98/83/EC Drinking Water (DWD) 

Directive 98/83/EC on the “quality of water intended for human consumption: drinking water” 
is amended by Regulations (EC) 1882/2003, (EC) 596/2009 Commission Directive (EU) 
2015/1787 and Commission Decision 95/337/EC concerning questionnaires relating to 
directives in the water sector. This Directive concerns the quality of water intended for human 
consumption. The main objective of this Directive is to protect human health from the adverse 
effects of water contamination intended for human consumption, guaranteeing its health and 
cleanliness.  
Subject of this directive are all drinking water supply systems serving >50 people. 
Status: In Albania [13], 1,185 (Water Supply Zones) WSZs were delineated (using 
approximately 1,600 wells), supplying 2,117 villages/cities (about 69 % of the total villages) 
were identified. About 92 % of Albania's population (2.83 million) live in these WSZs. The 
remaining 952 villages (31 % of total villages) in the country should be added to the list of 
WSZs. Of the two (2) WSZs in the category above 100,000 population are Tirana and Durres 
zones, 27 % of the total population is included. In contrast, in the class below 1,000 population, 
only 12 % of the people are included. (DWD) The capital investment and legal, policy and 
institutional measures are estimated at 1,380 million euros. Prioritisation of the capital 
investment measures 2023-2030 will include Rehabilitation of 175 springs and wells, including 
water resources fences (1st Level of Sanitary Protection Zone), Establishment of 2nd and 3rd 
Level of Sanitary Protection Zones in 334 WSZs, Construction of 243 new and rehabilitation of 
5 existing chlorination units, Extension of 491 km of water supply network (including 5,309 m³ 
reservoir volume and 39,856 services connections, Rehabilitation/replacement of 1,007 km of 
the water supply network, including pumping stations, reservoirs and service connections, 
Establishment of 15 regional laboratories. In Kosovo, this directive has been fully transposed 
and implemented. The directive has been substantially transposed into the national systems of 
both Albania and Kosovo. However, the recast of the Drinking Water Directive (DWD) 
2184/2020 has yet to be transposed into Albanian and Kosovo legislation. [8] 
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2.3.3 Directive 2006/7/EC Bathing Water (BWD) 

Directive 2006/7/EC on “concerning the management of bathing water quality” is amended by 
Regulation (EC) 596/2009, and Directive 2013/64/EU ensures timely information to the public 
during the bathing season, with an obligation to disseminate actively and promptly information 
on bathing water quality. It applies to surface waters that can be used for bathing except for 
swimming pools and spa pools, confined waters subject to treatment or used for therapeutic 
purposes, and confined waters artificially separated from surface water and groundwater. Two 
main parameters for analysis are defined: intestinal enterococci and Escherichia coli. The waters 
are classified according to their level of quality: poor, sufficient, good or excellent, linked to 
clear numerical quality standards for bacteriological quality. Bathing is an extremely popular 
and important leisure activity in Albania. The Directive 2006/7/EC on Bathing Water is aligned 
with the Albanian legislation. The Green Coast beach in Palasa is now (2023) the first beach in 
Albania to receive the Blue Flag certification from the Foundation for Environmental 
Education. The iconic Blue Flag is one of the world’s most recognised voluntary awards for 
sustainable tourism beaches, marinas, and boats. To qualify for this prestigious certification, 
stringent environmental, educational, safety, and accessibility criteria will be met and 
maintained. 
Status: BWD has been fully transposed into both national legislations. In Kosovo, a bylaw exists 
- the Administrative Instruction on Criteria for Bathing Waters (2015). Both countries are 
committed to the following actions: Developing a monitoring calendar plan, Conducting proper 
bathing water monitoring, Assessing and classifying bathing water quality, Developing and 
maintaining bathing water profiles, Identifying pollution sources and conducting impact 
assessments to safeguard bather health, Implementing measures to prevent bathers from 
encountering pollution, Implementing measures to mitigate the risk of pollution, Providing 
public information on bathing water quality.  
 
2.3.4 Directive 2006/118/EC Groundwater (GWD) 

Directive 2006/118/EC “on the protection of groundwater against pollution and deterioration” 
establishes specific measures such as criteria for the assessment of good groundwater chemical 
status and criteria for the identification and reversal of significant and sustained upward trends 
and for the definition of starting points for trend reversals to prevent and control groundwater 
pollution. It also complements the provisions preventing or limiting inputs of pollutants into 
groundwater already contained in WFD and aims to prevent the deterioration of the status of all 
groundwater bodies. The remaining tasks for the implementation are to consolidate the 
Environmental GW Monitoring System in Albania, strengthen the capacities and research 
studies, improve and support the implementation of national water quality monitoring programs 
(in connection with RBMPs), establish an effective monitoring and enforcement system, 
including the accreditation schemes for laboratories on the groundwater status. 56 stations, 
number of designated groundwater water monitoring sites determining groundwater quality and 
21 wells measure level water in all the aquifers of Albania with frequencies of 2-4 field visits 
per year (2022). Groundwater monitoring is conducted on the main aquifers for 
physicochemical parameters, NO3-, NO2-, NH4+, HCO3-, CO32-, Cl-, SO42 Na+, Ca2+, 
Mg2+, K+, Fe2+ temperature, dissolved oxygen, conductivity, pH, dry matter, total hardness, 
total mineralisation, and hazardous substances. The following metals are analysed once per year 
at a limited number of stations: Cd, Co, Cr, Mn, Ni, Pb, and Zn. Groundwater flow in Albania 
is 12.8 billion m3 /year.  [10] 
Status: GWD is in the advanced transposition stage into Albanian legislation through the Law 
on Integrated Water Resources Management (IWRM). Kosovo has been fully transposed into 
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legislation through bylaws such as the Administrative Instruction on the Classification of 
Groundwater Bodies (2017). [8] 
 
2.3.5 Directive 2007/60/EC Floods (FRD) 

Directive 2007/60/EC “on the assessment and management of flood risks” requires, if all water 
courses and coastlines are at risk from flooding, to map the flood extent and assets and humans 
at risk in these areas and take adequate and coordinated measures to reduce this flood risk. It 
also reinforces the rights of the public to access this information and to have a say in the 
planning process. This directive requests Preliminary Flood Risk Assessments describing the 
significant floods that have occurred in the past and similar events that could happen in future; 
Flood Hazard and Risk Maps, showing where a given flood could have adverse consequences; 
and Flood Risk Management Plans (FRMPs), defining measures to prevent, protect against and 
prepare for floods.  
Status: The FRD has been fully transposed into Kosovo legislation through the Administrative 
Instruction on the Classification of Groundwater Bodies in 2017. Regarding implementation, 
Kosovo has identified 398 APSFRs (Areas with Potentially Significant Risk of Flooding), 
encompassing a surface area of 3,727 km² and serving 326,032 inhabitants or 56,846 
households. Additionally, there are 24 cultural and historical sites and 39 protected sites and 
hotspots. In Albania, 46 APSFRs have been identified, with 23 having Flood Hazard Maps and 
6 having Flood Risk Maps. Only one partial (transboundary) Flood Risk Management Plan has 
been prepared, covering the sub-Shkodra area of the Drin-Buna River Basin. [10] 
 
2.3.6 Directive 91/676/EEC Nitrates 

Directive 91/676/EEC on “concerning the protection of waters against pollution caused by 
nitrates from agricultural sources” aims to protect water quality across Europe by preventing 
nitrates from polluting ground and surface waters and promoting good farming practices. It 
forms an integral part of the WFD and is one of the key instruments in protecting waters against 
agricultural pressures. MS are obliged to monitor the nitrate concentrations in ground and 
surface waters, monitor eutrophication in surface waters, and review and, if necessary, revise 
or add to the designation of vulnerable zones. Important topics to be implemented: Designation 
of Nitrate Vulnerable Zones (NVZs) (Note: Albania can implement measures across the entire 
territory instead of designating NVZs), Implementation of Codes of Good Agricultural Practice 
for voluntary adoption by farmers, Implementation of mandatory action programs for farmers 
within NVZs, Identification of polluted water bodies or those at risk of pollution and 
Establishment of a National monitoring and reporting system. [8] [10] 
Status: ND is in the early stage of transposition and Implementation for Albania and Kosovo.   
 
2.3.7 Directive 2008/105/EC Environmental Quality Standards for Water (EQS) 

Directive 2008/105/EC on “environmental quality standards/priority substances” lays down 
environmental quality standards (EQS) for priority substances and certain other pollutants to 
achieve good surface water chemical status and follow the provisions and objectives of WFD. 
MS should improve the knowledge and data available on sources of priority substances and 
how pollution occurs to identify targeted and effective control options. 
Status: Directive 2008/105/EC Environmental Quality Standards for Water is substantially 
transposed into the Albanian and Kosovo legal framework. [8] [10] 
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2.3.8 Directive 2009/90/EC Quality Assurance Quality Control (QA/QC) 

Directive 2009/90/EC on “technical specifications for chemical analysis and monitoring of 
water status” lays down technical specifications for chemical analysis and monitoring of water 
status by WFD. It establishes minimum performance criteria for analysis  methods when 
monitoring water status, sediment, and biota and rules for demonstrating the quality of 
analytical results. It also requests that all analysis methods, including laboratory, field, and 
online methods used for chemical monitoring programmes carried out under WFD, be validated 
and documented following EN ISO/IEC-17025 standard or other equivalent standards accepted 
internationally. Status: fully approximates [8] [10] 
 
2.3.9 Directive 2008/56/EC Marine Strategy (MSFD) including GES 

Directive 2008/56/EC on the “establishment of a framework for community action in the field 
of marine environmental policy” (Marine Strategy Framework Directive) offers a framework 
for the sustainable use of marine waters and a comprehensive and integrated approach to coastal 
waters. The criteria and methodological standards for implementing the Marine Strategy on 
good environmental status and the specifications and standardised methods for monitoring and 
assessment were revised in 2017 through Directive 2017/845/EU.  
Status: Albania has fully approximated this Directive with National Legislation on 7 February 
2024. [10] 

3. RESULTS AND DISCUSSION 

The EU’s acquis on the water is substantially transposed into Albanian and Kosovo legislation. 
To ensure long-term water sustainability and integration, the youth should adopt a holistic 
approach to water management, considering the interconnectedness of water bodies, 
ecosystems, and human activities. This involves comprehensive water management researches 
that balance competing demands while preserving environmental sustainability and enhancing 
water governance. Additionally, embracing innovative solutions like wastewater treatment and 
rainwater harvesting and leveraging emerging technologies like artificial intelligence and 
satellite imaging can improve water management efficiency. Addressing climate change 
impacts through resilient infrastructure, drought management, and flood risk reduction 
measures is crucial, as is promoting sustainable agriculture practices and empowering youth to 
adopt water-saving behaviours. It's essential to upgrade monitoring and evaluation mechanisms 
to track progress and adjust strategies.  

4. CONCLUSION 

In conclusion, adopting a holistic approach to water management is essential for ensuring long-
term sustainability, particularly among youth. Comprehensive research is needed to develop 
effective plans that balance competing demands while preserving the environment and 
improving governance. Embracing innovative solutions like wastewater treatment and 
rainwater harvesting and utilising emerging technologies such as artificial intelligence and 
satellite imaging can enhance efficiency. Addressing climate change impacts and promoting 
sustainable agriculture practices are crucial, as is empowering youth to adopt water -saving 
behaviours. Upgrading monitoring and evaluation mechanisms is vital for tracking progress and 
adjusting strategies. Implementing these measures can transform water challenges into 
opportunities for long-term sustainability in Albania and Kosovo, securing a resilient water 
future for generations to come. 
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In numerical simulation of soil media, it is of great importance that the simulation should be as 
close as possible to the real phenomenon. In the field of geotechnical earthquake engineering 
multiphase modelling has great importance since the real behavior of the soil in loading and 
unloading is simulated. In defining the multiphase model, different approaches are available in 
the literature. Nevertheless, dynamic phenomena in porous media defining nonlinear material 
behavior including infinite soil media have not been considered. In this work, both the linear 
and nonlinear behavior of the soil medium and the simulations of boundary conditions in the 
soil medium are presented. The newly developed infinite elements in static, dynamic, and fully 
saturated conditions provide interesting and reliable results.  
 
Keywords: Numerical simulation, earthquake engineering, multiphase modelling.  
 

1. INTRODUCTION  

Numerical simulation of heterogeneous materials has an important role in engineering 
applications. In geotechnical earthquake engineering, multiphase modeling has great 
importance since realistic predictions for the soil’s behavior can be simulated both for 
displacement and pore pressure changes. In simulation of porous media such as soils , the 
behavior is governed largely by the interaction of the solid skeleton with water and/or air in the 
pores. Hence, coupled problems involving fluid flow and solid skeleton deformation need to be 
thoroughly examined. 
In describing multi-phase media, various approaches are presented in literature. Firstly, the 
mixture theory at macroscopic level combined with the concept of volume fractions considers 
the individual constituents of the multiphase model enabling description of each phase in the 
multiphase model. This method has been mainly used by researchers such as Ehlers [1] Boer 
[2] etc. Secondly, the averaging theory applying the balance laws to the microstructure of the 
porous medium enables macroscopic definition of the constituent phases in multiphase media. 
Alternatively, the basic equations of multiphase media can be derived from extending the Biot’s 
theory [3]. In this particular work, the development of multiphase model follows the model of 
Edip [4] and is based on the averaging theory. 

 

2. DEVELOPMENT OF MULTIPHASE MODELLING 

In defining porous media, one of the great difficulties is to mathematically represent the phases 
involved. In describing these porous soil media, factors like water saturation and pore pressure 
have a strong impact on the load distribution. In the description of the material, the macroscopic 
approach has been followed in which the soil behavior is homogenized over a representative 
volume element. The concept of volume fractions has been used to evaluate the participation of 
each constituent in formulation of the equilibrium equations for each phase and to take into 
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consideration the interaction among the phases. Following the concept of volume fractions, the 
entire volume consists of solid fraction Vs and pore volume Vp. The pore volume fraction is 
composed of water phases Vw. 

s p s wV V V V V= + = +           (1) 
Upon loading, development of stress has been considered to take place in the solid skeleton of 
the multiphase medium and also in the water and air phases. The total stress has been obtained 
from the difference of the effective stress σ’,which causes deformation of the solid skeleton.  

             
( )' T

w w g gm S p S p = − +        (2) 
In equation 2, mT is the identity matrix to account for the pressure in the fluid phases. In order 
to consider the flow through the porous medium, the Darcy’s law has been used. The validity 
of the Darcy’s law for a single fluid flow has been extended to a second fluid by considering 
the relative permeability coefficients for water and air phases such that the equation for the 
whole system is presented as follows: 
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+ + =            
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      (3) 

The nodal degrees of freedom for displacement and fluid pressure are taken into consideration 
as u and pf. Their first and second time derivative of solid phase complete the system of 
equations. The different matrices of the system of equations describe different properties of the 
numerical model. The definition of saturation relationships enables usage of different saturation 
models to perform analysis of partially saturated soil media. 
 The indices provide information about the nature and function of the matrix, which can be 
interpreted as follows. The coupling matrices Csf describe the interaction of the solid phase with 
fluid phase. The compressibility of the various phases and their effects on the entire media is 
considered by compressibility matrix Pff. The Permeability matrix Hff on the other hand, 
concerns the flow behaviour. Detailed explanations for the matrices is given in Appendix 1. 
 

3. SIMULATION OF BOUNDARY ELEMENTS 

In numerical simulation of geotechnical problems it is common to take the soil medium as a 
wide region while the boundaries are far enough not to impact the results. In the case of static 
analysis Boussinesq’s problem of a point load acting over the half space is considered. In order 
to numerically simulate the Boussinesq’s problem the finite element region should be widened 
or the boundaries should be modelled accordignly. In dynamic analysis the situation is 
additionally complicated by the inertia terms such the radiation of the wave should be 
considered. Infinite elements gain in popularity as an efficient mean of extending the finite 
element method to cope with unbounded domains. The formulation of infinite elements is the 
same as for the finite elements in addition to the mapping of the domain. Infinite elements are 
first developed by Zienkiewicz et al. [5] .Since then have been developed in frequency and time 
domain. In the work of Edip [6] infinite elements with absorbing properties have been 
developed following the techniques considering the time domain in which the infinite element 
is obtained from a six nodded finite element as shown in Figure 1. 
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Figure 1. Model of soil layer with boundary conditions 

 
The element displacement in u and v direction is interpolated with the usual shape functions N1, 
N2, N4  and N5  

 

 
 

 
(4) 

 

In expression (4) u and v are vectors with nodal point displacements in global coordinates.  

 

 
(5) 

 

For coordinate interpolation in r-s coordinate system a one-dimensional mapping is applied.  

 
 

 

(6) 

 

 
 

3.1 Verification of infinite elements in static case 

In the static analysis of geotechnical problems, one of the most challenging aspects is modeling 
the infinite region. Here, we present an analysis of an infinite plate with a circular hole of radius 
R=1.0 m subjected to a uniformly distributed pressure p=1 kPa. The domain is numerically 
simulated, comprising a plane strain 2D half-space, as illustrated in Figure 2.  
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Figure 2. Mesh of finite and infinite elements 
 
The material properties of the plate are : Young’s modulus E=1kPa and Poisson’s ratio n=0.25. 
The problem is numerically solved using 80 finite elements in total. The infinite region is 
simulated by using the 8 infinite elements. The results are compared with the solution done by 
T.T. Abdel-Fattah [7] in which the author uses decay type of infinite elements. The decay type 
used by T.T. Abdel-Fattah is of 1/r type and is considered to be stable in simulation of static 
problems.   

 
Figure 3. Radial displacement – analytical vs numerical 

As can be seen from Figure 3, both analytical and numerical results for the radial displacement 
exhibit similarity, suggesting the precision of the coupled finite and infinite elements used in 
the analysis. 

  
3.2 Verification of infinite elements in dynamic case 

In dynamic case of implementation of infinite elements the absorbing properties are added to 
the infinite elements as given in the work of Sheshov et al. [8] The newly programmed infinite 
elements are used for simulation of two dimensional wave propagation. The soil medium is 
simulated in two alternative ways. First, only finite and infinite elements without absorbing 
boundaries and then the same infinite elements with absorbing properties are considered. Figure 
2 shows the soil domain with a total width of 40m while the height is 20m. 
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Figure 4. Soil domain of finite and infinite elements 

The soil domain is discretized by finite and infinite elements. The soil properties are given in 
Table 1. 

 

Table 1. Soil properties 

Young’s 
modulus 

E 50000 kPa 

Poisson’s ratio υ 0.35 - 

Density  2.70 Ton/m3 
 
In this scenario, the applied displacement is treated as an impulse-type function. A nodal 
displacement of uy=0.001m is applied as an impulse function at the outset of the time period. 
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Figure 5. Wave propagation at different time spots using a) infinite elements and b) infinite elements 
with absorbing layer 

 

As illustrated in Figure 5, two distinct waves propagate within the domain: the compression P 
wave and the shear S wave. The proposed infinite elements demonstrate the capability to absorb 
both types of waves, despite their differing propagation velocities. Notably, at time t=0.07 
seconds, the P wave enters the infinite domain. With absorbing infinite elements, the wave is 
effectively absorbed, whereas in the absence of absorbing properties, the P wave reflects back 
into the finite element domain. By time t=0.09 seconds, within the domain surrounded by 
absorbing infinite elements, the propagation of the S-wave at the finite element boundaries 
becomes apparent. Conversely, in the domain lacking absorbing properties, the outward-
propagating S-wave collides with the reflected P wave. At t=0.15 seconds, in the domain 
comprising infinite elements with absorbing boundaries, there is no reflected wave propagation, 
indicating successful absorption within the infinite element region. 

 
3.3 Verification of infinite elements in multiphase simulation 

In order to verify the infinite elements in saturated soil media a fully saturated soil domain is 
shown in Figure 6 below. The model considers the coupling of finite and infinite elements 
considering all degrees of freedom. The restraint conditions at the bottom are fixed boundaries 
as shown in the Figure 6.  
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Figure 6. Fully saturated soil domain discretized by finite and infinite elements 

 
As can be seen in Figure 6 the vertical soil column is modelled in two ways considering the 
discretization without and with infinite elements. The soil properties are given in the Table 2 
below. 

Table 2. Mechanical Properties of soil medium 

Young’s modulus of elasticity E = 0.8333 kPa 

Poisson’s ratio ν = 0.25 

Solid grain density ρs  = 0.31 kg/m³ 

Bulk modulus of solid grains Ks  = ∞ 

Bulk modulus of water Kf  = 40 kPa 

Fluid density ρf  = 0.2977 kg/m³ 

Initial porosity n = 0.33 

Permeability k = 4.883 x 10-3  m2 
 

In order to show the applicability of infinite elements in saturated soil model, the infinite 
elements have been placed at the bottom and two points of interest at depths of 5m and 50m 
have been selected to compare the of results. At the top of the soil layer, a fixed pressure of 
1kPa is applied as a transient load.  
In Fig. 7 and Fig.8 the time histories of displacements and water pressure at the depths of 5m 
and 45m for the transient wave propagation problem are presented. It can be observed that there 
is a good comparison between the analytical solution and the numerical one obtained by using 
coupled finite-infinite elements. However, when the fixed boundary is used at the bottom of the 
finite elements the accuracy of the numerical results become significantly worse because 
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spurious reflections take place at the artificial boundary and the reflected waves propagate back 
to the near field system. The displacement is considerably underestimated in the case using the 
artificially fixed boundary. This fact indicates that, if the artificially fixed boundaries are used 
in the analysis, the near field of the system should be made large enough to avoid reflections on 
the artificially truncated boundary within the duration of the analysis. Otherwise, the numerical 
results will be affected by the reflected wave. Although a small numerical oscillation in the pore 
fluid pressure exists, in the case of using the absorbing boundaries it decreases quickly as time 
goes on. Thus, it is concluded that the use of the proposed absorbing boundary is an effective 
and efficient way of modelling the far field of the system for the transient wave problem. As 
can be seen from the figures, in the cases where the infinite elements are used the results show 
good correlation with the analytical results for both vertical displacement and water pressures. 
This verifies the correctness of the proposed infinite absorbing infinite elements. 
 

  
Figure 7. Time histories of displacement at 5m and 50m depth 

  
Figure 8. Time histories of pore water pressure at 5m and 50m depth  

 

4. NUMERICAL SIMULATION OF AN EARTH DAM CONSIDERING 
INFINITE ELEMENT BOUNDARIES 

The case study shown in Oettl [9] has been simulated in order to implement the proposed 
saturated infinite elements. In this study, water flow through an earth dam is simulated 
considering both dam body and the laying soil layers extending to infinity. The material 
parameters for the solid phase of the earth dam problem are given in Table 3. 
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Table 3. Material parameters for solid phase of the earth dam problem 

Geometry  Dam Dam Soil 
layers 

Infinite 
elements 

Material 
parameters Symbols Hypoplastic Linear Linear Linear 

Density of 
solid phase ρs  (t/m3) 2.7  2.7 2.7 2.7 

Density of 
water phase ρw  (t/m3) 1 1 1 1 

Permeability k (m2) 10-7 10-7 10-7 10-7 

Permeability 
of the drainage 

filter  
k (m2) 10-2 10-2   

Compression 
modulus of solid 

phase 
Ks  (kPa) 109 109 109 109 

Compression 
modulus of water 

phase 
Kw  (kPa) 2 x 104 2 x 

104 
2 x 

104 2 x 104 

Dynamic viscosity 
of water μw  (kNs/m2) 1.31 x 10-6 1.31 x 

10-6 
1.31 x 

10-6 
1.31 x 

10-6 
Elasticity modulus E (kPa)  7000 9000 9000 

Poisson’s ratio ν  0.3 0.3 0.3 

Porosity n 0.5 0.5 0.5 0.5 
Critical friction 

angle φc 35    

Granulate hardness hs  (MPa) 1600    

Exponent n 0.39    
Minimum void 

ratio ed0 0.62    

Critical void ratio ec0 0.94    
Maximum void 

ratio ei0 1.08    

Numerical 
parameter α 0.2    

Numerical 
parameter β 1    

Intergranular strain R 0.0001    

Intergranular strain mr 2.5    

Intergranular strain mt 9.0    

Intergranular strain βr 0.25    

Intergranular strain χ 9    
 
 
In this work, the same dam geometry as [9]  is taken into consideration, whereas the material 
model for the body is taken as non-linear (hypoplastic) [10]. The analysis performed focuses 
on the dynamic analysis case with the inclusion of the surrounding field which is composed of 
infinite elements as shown in Fig. 6 and Fig.7.  
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Figure 9. Coupled soil-dam system 

The geometry of the dam is shown in Fig. 6 with the cross section width of 52 m at the base 
which is reduced to 4 m at the top. The height of dam is 12 m. In order to get a drainage of the 
leakage occurring through the dam and thus to prevent stability problems, a drainage with a 
length of 12 m is provided at the base of the downstream slope. The height of the water level at 
the upstream slope is 10 m. Furthermore, the soil used for the construction of the earth dam is 
considered to be homogeneous and isotropic with respect to the coefficient of water 
permeability. In the numerical simulation of the problem, both earth dam and base are taken 
into consideration. The domain is discretized by quadrilateral elements as given in Fig. 7. 
 

 
Figure 10. Element types in the simulation of dam problem 

The air stress is taken to be atmospheric. The matric suction is equal to the negative value of 
the hydrostatic stress in the water phase which also governs the degree of saturation. This 
explains the reason behind defining saturation relations, namely, to facilitate the simulation of 
partially saturated soil media. It's worth noting that in classical seepage analysis, the soil 
skeleton is presumed to be rigid, and only the flow problem is examined. In this case, an earth 
dam of trapezoidal cross section built to retain reservoir water is considered numerically. The 
bottom boundary is modelled as a long layer of soil extending to infinite. At the drainage, in the 
bottom boundary of the dam, in the vicinity of the downstream slope, the initial water stress is  
set to zero. Therefore, a permeable boundary at the drainage is simulated. At the ends of the soil 
layer infinite elements are used to absorb the waves.  
Similar boundary conditions with respect to the water phase are assumed for the dam at the top 
and at the upstream slope above the water level in the reservoir. The presence of infinite 
elements does not affect the fluid pressure distribution at the boundary with finite elements. The 
typical curve indicating the position of a zero hydrostatic water stress, i.e. the so called “phreatic 
surface”, which stretches from the position of the water level to the upper end of the drainage 
region. In the region above this curve, the tensile water stress according to the initial conditions 
are accepted good. Due to the assumed atmospheric air stresses the development of the degree 
of water saturation is governed by the negative hydrostatic water stress. Starting from this 
steady state of saturation, the computation is carried out for a 10 seconds period of an earthquake 
input. The fully coupled analyses are performed using the acceleration time history of the El 
Centro earthquake [11] with a scaled peak ground acceleration of 0.25g and the results 
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presented. Horizontal displacements and the pore pressure build up are shown in the Figures 
11-12. 

 

(m) 

Figure 11. Horizontal displacement at the end of earthquake input  

 

(kPa) 

Figure 12. Pore pressure at the end of earthquake input  
As can be seen from figures 11-12, the horizontal displacement distribution in the dam body at 
the end of earthquake input shows the deformation which is mainly due to the effect of the non-
linear hypoplastic modelling of the solid phase of the soil medium. On the other hand, upon 
comparing the pore water pressure distributions, it is evident that there is an elevation in the 
pore water pressure at the upper section of the dam body due to the earthquake loading. In both 
cases the infinite elements have proven to be stable elements, facilitating the extension of the 
deformation and pore pressure spreading to infinity. Thus, it can be concluded that the infinite 
elements can be used as boundary conditions in saturated soil media in which the domain of 
interest lays within the region of the finite elements. 
 

5. CONCLUSION 

The proposed multiphase approach combined with boundary elements, is derived for simulation 
of unbounded saturated soil media.  The usage of infinite elements as boundary conditions 
together with finite elements in numerical simulations gives good results. On the other hand, in 
case of numerical simulation of an earth dam, the pore pressure build-up and displacements 
have shown successful due to the non-linearity in the modelling of soil medium. The newly 
combined infinite elements have been considered as good replacement for far-field geometry in 
which the waves are absorbed successfully. The pore pressure build up and horizontal 
displacements for the earth dam presented, show the continuity between finite and infinite 
elements. Summarizing, the proposed multiphase simulation can be used for further more 
complex problems where experimental values are scarce. Thus, it can be concluded that the 
usage of the proposed numerical simulation is an efficient and inexpensive way of modelling 
the far field of the saturated soil domains. 
 
 

6. APPENDIX  
The mass matrices are given as follows: 
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𝐌 = ∫ 𝐍𝐮[𝜌𝑠(1 − 𝑛) + 𝑛𝑆𝑤𝜌𝑤] 𝐍𝐮𝑑𝛺 

𝐌𝒇 = ∫ ∇𝐍𝐩
T

𝐤𝑘𝑟𝑓

𝜂𝑓
𝐍𝐮𝑑𝛺 

The coupling matrix follows as: 

𝐂sf = ∫ 𝐍𝑝
𝑇 𝛼𝑆𝑓𝑚𝑇𝐋𝐍𝐮𝑑𝛺 

The compressibility matrix is given as: 

𝐏ff = ∫ 𝐍𝑝
𝑇 [

𝑆𝑓

𝐾𝑓
+ (𝛼 − 𝑛)

𝑆𝑓

𝐾𝑠
(𝑆𝑓 + 𝑝𝑐

𝜕𝑆𝑓

𝜕𝑝𝑐
) − 𝑛

𝜕𝑆𝑓

𝜕𝑝𝑐
] 𝐍𝐩𝑑𝛺 

The permeability matrix can be written as: 

𝐇𝒇𝒇 = ∫ ∇𝐍𝐩
T

𝐤𝑘𝑟𝑓

𝜂𝑓
∇𝐍𝐩𝑑𝛺 

The domain forces follow as: 

𝑓𝑢 = ∫ 𝐍u [𝜌𝑠(1 − 𝑛) + 𝑛𝑆𝑓𝜌𝑓]𝐠𝐍𝐮𝑑𝛺 

𝒇𝑓 = ∫ 𝐍𝐩
T

𝐤𝑘𝑟𝑓

𝜂𝑓
𝜌𝑓𝐠𝑑𝛺 
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This paper presents a comprehensive exploration of the interactions among reliability, 
robustness, risk, and resilience in the context of efficient and sustainable civil infrastructure 
management. For a thorough understanding of how these crucial concepts can be integrated to 
enhance the management of civil infrastructures, each concept is systematically explored. The 
discussion begins by defining reliability as the probability of a civil infrastructure achieving its 
intended function without failure during its service life, which is a crucial indicator for effective 
management. Risk is then characterized as the expected value of consequences arising from 
exposure to hazards, encompassing the modeling of exposure, infrastructure vulnerability, and 
the resultant consequences. The paper subsequently delves into the concept of robustness, 
highlighting its role in evaluating the potential for disproportionate collapse and its influence 
on reducing infrastructure vulnerability. In turn, resilience is explored as the capacity of 
infrastructure to withstand or rapidly recover from hazardous events, with a focus on criteria 
such as robustness, redundancy, resourcefulness, and rapid recovery. Quality control is 
positioned as a crucial component of infrastructure management, emphasizing the need for 
continuous monitoring and decision-making based on Key Performance Indicators (KPIs) like 
safety, availability, economy, and reliability. These KPIs are integral in developing a risk-
informed approach, quantifiable in monetary terms, and pivotal in the decision-making process 
through Net Present Value (NPV) theory. The paper addresses advancements in management 
tools, focusing on the transition to risk- or resilience-based systems, the integration of robust 
predictive and decision-making tools, and the adoption of digital twin models. These 
developments signify a move towards more sustainable management practices. Finally, this 
paper outlines future research directions and potential contributions toward advancing the 
implementation of sustainable management of civil infrastructures.  

Keywords: Risk, Robustness, Resilience, Quality control, Sustainable Management, 
Infrastructure systems. 

 

1. INTRODUCTION  

Civil infrastructures are crucial for maintaining and improving the quality of life and economic 
stability of societies. While a significant portion of the built infrastructure is reaching the end 
of its service life, the demands on these systems are intensifying, driven by factors like climate 
change effects, which manifest in increased frequency and severity of extreme weather events, 
such as hurricanes, heavy rainfall, floods, and wildfires [1], [2]. To address these challenges, 
infrastructure owners have developed methodologies to manage their assets efficiently, 
supported by quality control (QC) procedures [3]. When applied to civil infrastructures, QC 
specifies the procedures designed to guarantee that the service either meets or surpasses the 
expectations and requirements of users and the broader community [3].  
Traditionally, asset management methodologies have focused on ensuring safety and 
serviceability while minimizing economic resources, emphasizing reliability and risk-based 
decision-making. Recently, the integration of resilience into these methodologies has gained 
increased attention, recognizing the benefits of infrastructure systems that can quickly recover 
and adapt after extreme events that disrupt the infrastructure operation [2]. Furthermore, 
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integrating sustainability considerations into infrastructure management is increasingly seen as 
a strategic imperative for the future of the built environment [4]. Recognizing this broadened 
and more holistic perspective, this paper aims to provide an overview of i) the central concepts 
to support the design and management of civil infrastructure: reliability, risk, robustness, 
resilience, and sustainability, ii) the characteristics of existing QC frameworks to ensure 
adequate infrastructure functionality throughout its service life, and iii) the emerging 
technologies that are envisaged to improve the efficiency in the life cycle management of 
critical infrastructures, such as Artificial Intelligence (AI), Structural Health Monitoring 
(SHM), Building Information Modeling (BIM), and Digital Twins (DT). As illustrated in Figure 
1, the QC framework is identified as a pivotal point where the management concepts and 
technological innovations converge to optimize infrastructure management. Essentially, 
infrastructure systems face several threats that may cause their failure, such as aging, natural 
hazards, and climate change effects, and also influence their development, operation and even 
impose environmental emissions. To cope with these issues, the central concepts from Figure 1 
have emerged to support the management of civil infrastructures, with escalating scope as 
represented by the increasing length of the arrows, i.e., from the specific scope of reliability to 
the broadest scope of resilience and sustainability. However, the review indicates a lack of a 
QC framework that incorporates all management concepts from a holistic perspective. 
Moreover, it evidences that the adoption of emerging technologies within quality control plans 
(QCPs) has been limited. Therefore, the paper suggests future research directions and potential 
contributions for the optimal integration of these elements to ensure efficient and sustainable 
decision-making throughout the infrastructure life cycle. 
It is worth noting that many of the applications presented in this paper are focused on bridges. 
Nonetheless, the methodologies presented apply to other civil infrastructure.  

 

 
Figure 1. Integration of management concepts and emerging technologies in the development of QCPs 

for Civil Infrastructures 
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2. CENTRAL CONCEPTS FOR MANAGEMENT OF CIVIL INFRASTRUCTURES 

2.1. Reliability 

Modern codes establish safety and serviceability criteria based on reliability, defined as the 
probability that a component or system will remain functional throughout its service life. A 
standard reliability measure is the generalized reliability index, which is defined as [5]: 

𝛽 = −Φ−1( 𝑃𝑓)  (1) 

where  𝑃𝑓  is the probability of failure and Φ−1(∙)  is the inverse Gaussian distribution. For a 
structural component with uncertain resistance represented by a random variable 𝑅, with 
probability density function FR(x), and subjected to an uncertain load represented by a random 
variable 𝑆, with probability density function  fS (𝑥), the probability of failure  𝑃𝑓  can be 
calculated as [5]: 

𝑃𝑓 = 𝑃(𝑅 − 𝑆 ≤ 0) = ∫ FR(x) fS (𝑥)
∞

−∞

 𝑑𝑥 (2) 

There is no general closed-form solution to the integral in Equation 2. Except for special cases, 
e.g., when the load and resistance are statistically independent and normally distributed 
variables, numerical approximate methods are necessary for most practical applications. For 
instance, conducting reliability analysis for a bridge involves the probabilistic characterization 
of materials, geometries, and model uncertainty for describing the resistance, and the 
characterization of permanent, variable and accidental loads, and load model uncertainty. 
Moreover, finite element models (FEM) are frequently necessary to conduct non-linear 
structural analysis and evaluate the maximum carrying capacity of the bridge structural system. 
Due to the computational intensity of employing FEM for probabilistic analysis, surrogate 
models have become widely adopted as they facilitate replacing a complex numerical model, 
such as FEM, with a less computationally demanding model capable of predicting the desired 
output with adequate accuracy for reliability analysis. Numerous techniques for surrogate 
modeling for reliability analysis are documented in the literature, including kriging, polynomial 
chaos expansion, neural networks, support vector machines, and response surface methodology 
(see [6] for a review). In this regard, Galvão et al. [7] employed kriging-based surrogate 
modeling in combination with non-linear FEM to estimate the probability of structural failure 
of a bridge, specifically focusing on the impact of construction error scenarios on structural 
safety. These types of analysis allow the comparison of the obtained reliability index with target 
reliability requirements recommended by codes.  For instance, the Eurocode [8] specifies a 
target annual reliability index for safety at 4.7, which corresponds to an occurrence probability 
of 1.3 ×  10−6, while for serviceability, it is 2.9, corresponding to an occurrence probability of 
1.9 ×  10−3. These values correspond to structures belonging to reliability class 2, which refers 
to structures with medium consequences of failure. Essentially, the selection of the target 
reliability level must consider the potential consequences of failure, including risk to life or 
injury, economic losses, and social impacts, as well as the costs and efforts necessary to mitigate 
the risk of failure [5].  
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2.2. Risk 

Several methodologies for risk assessment have been formulated within different application 
domains. This variability often renders comparisons and integrations of risk assessments across 
various fields challenging. In the context of engineering decision-making, risk is typically 
defined as the expected consequences associated with a given event. Thus, the risk 𝑅𝐸  associated 
with a specific event 𝐸 is evaluated by multiplying the probability 𝑝𝐸  of the event occurring 
(also known as probability of occurrence) with the associated consequences 𝑐𝐸  of the event, 
expressed as [9]: 

𝑅𝐸 =   𝑝𝐸  ×  𝑐𝐸  (3) 
 

Civil infrastructures are exposed to a variety of hazardous events (𝐻𝑘). These events should be 
characterized probabilistically, represented as 𝑝(𝐻𝑘 ), where k ranges from 1 to 𝑛𝐻 , where 𝑛𝐻 
indicates the total number of exposures (snow loads, earthquakes, floods, or combinations of 
these events). Moreover, civil infrastructures are commonly comprised of 𝑛𝐶  individual 
components, each associated with a distinct set of damage states, symbolized as 𝐷𝑖𝑗 , where 𝑖 =

 1,2, . . . , 𝑛𝐶 , and 𝑗 =  1,2, . . . , 𝑛𝐷𝑖 , where 𝑛𝐷𝑖  is the number of damage states of component i. Thus, 
the risk due to direct consequences 𝑅𝐷  can be evaluated through the expected value of the direct 
consequences, considering all 𝑛𝐻  potential exposure events and all 𝑛𝐶𝐷𝑆  damage states of all 
components as [9]: 

𝑅𝐷 = ∑ ∑ 𝑝(𝐷𝑙|𝐻𝑘 ) ×

𝑛𝐶𝐷𝑆

𝑙=1

𝐶𝐷(𝐷𝑙) ×  𝑝(𝐻𝑘 )

𝑛𝐻

𝑘=1

 (4) 
 

where 𝐶𝐷(𝐷𝑙) are the direct consequences associated with the 𝑙𝑡ℎ of 𝑛𝐶𝐷𝑆  possible damage states 
of all components denoted as 𝐷𝑙, which are conditional on the exposure event as described by 
𝑝(𝐷𝑙 |𝐻𝑘 ). In addition to direct consequences, indirect consequences may arise in civil 
infrastructures due to the process of internal redistribution after a hazard event or due to the loss 
of functionality, which depends on the state of its components. Thus, there are 𝑛𝑆𝐷𝑆  possible 
different system states 𝑆𝑚 associated with indirect consequences 𝐶𝐼𝐷 , conditional on the state of 
the components 𝐷𝑙 , the direct consequences 𝐶𝐷(𝐷𝑙) and the exposure 𝐻𝑘. The risk due to indirect 
consequences is then assessed through the expected value of the indirect consequences 
regarding all possible exposures and component states, as [9]: 

𝑅𝐼𝐷 = ∑ ∑ ∑ 𝐶𝐼𝐷 (𝑆𝑚 , 𝐶𝐷(𝐷𝑙))  ×  𝑝(𝑆𝑚|𝐷𝑙  , 𝐻𝑘 ) ×  𝑝(𝐷𝑙|𝐻𝑘 )

𝑛𝑆𝐷𝑆

𝑚=1

×  𝑝(𝐻𝑘 )

𝑛𝐶𝐷𝑆

𝑙=1

𝑛𝐻

𝑘=1

 (5) 

Following risk assessments, the acceptability of associated risks becomes a crucial 
consideration. To this end, it is recommended to distinguish between tangible risks, i.e., 
quantifiable in monetary terms, and intangible risks, including loss of life, injuries, and 
environmental impacts [8], [9].  

 
2.3. Robustness 

In the domain of structural reliability and risk assessment, robustness is described as the ability 
of a structure to withstand a specified load condition or the consequences of human error 
without being damaged to an extent disproportionate to the original cause [8]. The Joint 
Committee on Structural Safety (JCSS) [9], a pre-normative body in civil engineering, describes 
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the robustness of a system through a robustness index 𝐼𝑅 defined as the ratio of direct risks to 
total risks within a given time period:   

𝐼𝑅 =
𝑅𝐷

𝑅𝐷 + 𝑅𝐼𝐷

 (4) 

This formulation of robustness characterizes the degree to which a system can contain or limit 
indirect consequences associated with a hazard event. In [10], another formulation of robustness 
was computed to assess the impact of design and construction errors on the structural safety of 
a prestressed reinforced concrete bridge. To this end, the performance of the structural system 
was measured through the reliability index, and a performance curve was computed over 
increasing error magnitudes. The robustness index was established based on the area under the 
normalized performance function curve over the range of damages. This method facilitates a 
comparative analysis of how various types and magnitudes of errors (or damages) affect the 
structural system's robustness. In principle, it is recommended to ensure that civil infrastructures 
are designed and managed with an appropriate degree of robustness.  

 
2.4. Resilience 

While the concept of resilience varies among disciplines, the definition of community seismic 
resilience from Bruneau et al. [11] has been widely adopted for civil infrastructures. In this 
context, resilience is described as the capacity of social entities, such as organizations and 
communities, to reduce hazard impacts, manage disaster consequences, and perform recovery 
efforts that lessen social disturbance and diminish the impacts of subsequent hazard events. 
Following this definition, resilience (𝑅) has been mathematically described as [11]:  

𝑅 =  ∫ (100 −  𝑄 (𝑡))
𝑡1

𝑡0

 𝑑𝑡 (5) 

where 𝑄 (𝑡) represents the quality of a community's infrastructure, which varies with time and 
takes a value of 100% if there is no degradation in service and 0% if no service is available. If 
an extreme event occurs at a time 𝑡0, it may cause sufficient damage to the infrastructure, such 
that the quality will be reduced from 100% to 50%. Then, restoration activities are performed 
until a time 𝑡1 when the infrastructure is completely repaired. In this manner, community 
resilience can be measured by the magnitude of the expected degradation in quality over time, 
i.e., the integral of the resilience curve. The shape of this curve is associated with four properties 
of resilience: i) Robustness, ii) Redundancy, iii) Resourcefulness, and iv) Rapidity [11]. 
Therefore, the concept of resilience for the management of civil infrastructures has broadened 
the plausible decision alternatives beyond strengthening infrastructures to decisions on 
improving preparedness and adaptive capacity. For instance, Arango et al. [12] introduced a 
resilience-based methodology to fire analysis using GIS (GIS-FA) to support the management 
of road transport networks under wildfire hazards. That methodology evaluates the 
infrastructure's preparedness level and provides guidance for proactive wildfire management 
strategies. It underscores the importance of both reactive actions, like emergency response, and 
proactive measures such as landscape management and infrastructure adaptation, as shown in 
[2]. These strategies are crucial in the face of climate-induced challenges and contribute to 
sustainability by reducing environmental, social and economic impacts [13]. 

 
2.5. Sustainability 

In 1987, the report "Our Common Future" by Brundtland [14] placed the concept of 
sustainability at the forefront of the global political agenda. Following [14], the concept of 
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sustainability can be defined as the "ability to conduct development in a manner that satisfies 
current needs without jeopardizing the ability of future generations to meet their own needs." 
As civil infrastructures play a critical role in the development of society, integrating 
sustainability principles into their planning, design, construction, and operation is compulsory. 
To this end, Life Cycle Assessment (LCA) and Social Life Cycle (S-LCA) have been prominent 
methodologies for evaluating the environmental and social impacts of infrastructure from the 
phase of design until the end-life, thus enabling decision-makers to identify and implement 
measures for reducing resource consumption, emissions, and overall environmental impact [4]. 
Moreover, the innovation in material sciences to incorporate sustainable and circular materials 
such as recycled composites and self-healing concrete, which reduce the carbon footprint of 
infrastructures, represents a step towards sustainable infrastructure development [15]. Further 
innovations such as modular construction techniques and prefabrication processes also 
contribute to minimizing resource and energy consumption, as well as implementing emerging 
technologies such as those depicted in Figure 1, which improve the efficiency in managing civil 
infrastructures.  
 

3. QUALITY CONTROL FRAMEWORK FOR ASSET MANAGEMENT 

The application of quality control plans to civil infrastructure refers to all activities and tools 
necessary to ensure quality in the service provided by the infrastructure during its service life. 
For the case of road infrastructure, the service quality is presumed to be met if performance 
goals are fulfilled from the road users' perspective. In this regard, a standardized approach for 
quality control of existing bridges was established within the COST Action TU1406 [16]. The 
suggested approach included defining performance indicators (PIs) for the assessment of 
roadway bridges, specifying performance goals (PGs), determining key performance indicators 
(KPIs), and establishing quality control plans (QCP). A PI refers to a measurable and 
quantifiable parameter related to bridge performance, which is collected through visual 
inspections, on-site tests, and structural health monitoring. KPIs are determined from several 
PIs to help assess the performance objectives for establishing QCPs. Within COST Action 1406, 
five KPIs were adopted for the QC framework [3]:  Reliability, Availability,  Safety, Economy 
and Environment. These KPIs were assessed qualitatively using an ordinal scale from one to 
five, with a score of one indicating optimal performance. In this way, the performance 
evaluation was visually represented through a "spider net" diagram, where the larger the area 
enclosed by the KPI values, the better the bridge performance [3]. This initial assessment 
comprised the static part of the QCP framework. A second dynamic assessment of the QCP 
consisted of forecasting the evolution of KPIs and evaluating different maintenance scenarios 
to identify the optimal one [3].  
Baron et al. [17] demonstrated the application of the QCP to two existing reinforced concrete 
bridges, one in Portugal and another in North Macedonia. Four KPIs were evaluated, namely 
Reliability, Safety, Availability and Economy. The reliability was assessed through 
probabilistic analysis involving non-linear finite element analysis (FEM) models to compute 
the reliability index, considering the identified damages. Three maintenance scenarios were 
considered over a 100-year horizon: "Do nothing and rebuild," i.e., allowing deterioration to 
evolve and eventually rebuilding the structure; "Corrective," i.e., applying periodic corrective 
maintenance to improve the reliability; and "Preventative," i.e., performing preventative actions 
aimed at maintaining the reliability. To compare these scenarios, the KPIs should be normalized 
and discounted in the same manner as future expenditures are discounted to present, i.e., through 
Net Present Value (NPV) theory [3]. The net present KPIs assuming a discount rate of 2% were 
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represented in the "spider net" diagram, and the optimal scenario was deemed the one with the 
largest area enclosed by the normalized KPIs at a specified time period.   
The QCP elaborated within the scope of the COST Action TU1406 aimed at supporting 
maintenance decisions based on the life cycle performance of bridges. However, the QC 
framework could be extended to incorporate new indicators related to the resilient and 
sustainable performance of road infrastructures. Such a holistic approach incorporating these 
indicators is lacking and is recommended as future research.  

4. EMERGING TECHNOLOGIES IN ASSET MANAGEMENT 

4.1. Artificial Intelligence (AI) 

As highlighted in Section 2.1, Machine Learning (ML) techniques, including Artificial Neural 
Networks (ANNs) and Support Vector Machines (SVMs), have been increasingly used for 
reliability analysis. SVMs have effectively addressed complex classification and regression 
problems for that purpose. A key feature of SVMs is their reliance on only a subset of data 
points for model construction (small experimental design), significantly enhancing 
computational efficiency [6]. Another application of ML techniques is presented in [18], where 
several models were implemented to predict the deterioration of transport infrastructures due to 
aging and environmental stressors. Among these, ML techniques, namely ANNs, offered a 
superior accuracy factor and achieved the lowest prediction errors. Therefore, it was proved that 
applying these techniques represents a convenient alternative to predict the performance of 
infrastructures over their life cycle and thereby optimize resource allocation of maintenance 
activities.  
Furthermore, emerging research has increasingly incorporated ML algorithms in scour 
detection to enhance prediction accuracy. In a comprehensive review, [19] examined various 
ML algorithms, such as convolutional neural networks, support vector machines, and deep 
neural networks, and assessed their effectiveness compared to traditional empirical formulas 
used for scour prediction. This review highlights the promising capability of ML in not only 
improving prediction accuracy but also in efficiently managing complex data sets, including 
field and laboratory data on scour depth measurements taken with different technologies such 
as point laser sensors, vertical point gauges, and electronic total station devices. Therefore, 
integrating emerging phenonema, such as scour, detection technologies enhanced by utilizing 
ML algorithms represents a promising approach to enhance civil infrastructure monitoring and 
management. Also in the geotechnical field, important advances in incorporating ML 
algorithms are being made, markedly enhancing the safety of transportation infrastructure. [20] 
introduced an innovative classification system designed for rock and soil cuttings, alongside 
embankments. This system leverages the synergy of modern optimization techniques and soft 
computing algorithms, using visual characteristics as the basis for classification. 

 
4.2. Structural Health Monitoring (SHM) Systems 

Visual inspections are the most common and predominant condition assessment technique 
employed for managing civil infrastructures such as bridges [3]. However, due to the limitations 
of visual inspections, improved practices such as Structural Health Monitoring (SHM) have 
been encouraged to enhance the condition assessment of infrastructures and, thereby, predict 
their performance over their service life [18]. In this context, [21] introduced a method for SHM 
of a steel truss bridge by integrating vibration measurement tests with an Artificial Neural 
Network (ANN). In that study, a comprehensive approach that involves creating and updating 
a Finite Element Model (FEM) was used to assess the dynamic characteristic of the Chuong 
Duong Bridge. This updated FEM was then used to generate training data for the ANN, 
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simulating various damage scenarios. The ANN's effectiveness in accurately identifying 
damage locations and levels was highlighted, showcasing its potential to enhance SHM 
practices. This innovative integration of vibration measurements with machine learning 
algorithms represents a significant advancement in ensuring the safety of critical infrastructure. 
 

4.3. Digital Transformation: Building Information Modeling (BIM) and Digital Twins (DT) 

Currently, many countries lack high-quality data for effective infrastructure management, partly 
due to inadequate information management systems [3]. To address this issue, the new 
generation of asset management systems is increasingly embracing digital transformation, 
incorporating Building Information Modeling (BIM) and Digital Twins (DT). An example of 
an advanced approach to bridge maintenance by employing the concept of a Digital Twin (DT) 
model was presented by [22]. This system integrates a detailed 3D information model with a 
digital inspection methodology, enhancing the efficiency and precision of bridge management 
processes. The DT model effectively captures the bridge's current state by harnessing advanced 
technologies such as UAV-based 3D scanning and image processing, facilitating accurate 
damage detection and assessment. The significance of this approach lies in the effective 
combination of a real-time 3D model with practical maintenance strategies, offering an 
innovative solution for supporting the long-term management of critical infrastructure. Another 
application of the concept of DT for effective infrastructure management was developed by 
[23]. In that work, the DT model incorporated fatigue assessment of railway steel bridges by 
employing an innovative integration of a Fatigue Analysis System (FAS) and Building 
Information Modeling (BIM). This integration enabled a dynamic, real-time simulation of 
various traffic and geometric conditions to predict fatigue damage effectively. The main 
advantage of the DT model was its ability to visualize fatigue progression in bridge components, 
enhancing predictive maintenance and decision-making processes. The DT model was validated 
through a case study of the Várzea Bridge in Portugal, demonstrating a high accuracy in 
forecasting fatigue states. Therefore, this integration of DT technology with traditional 
structural analysis methods represents a robust tool for infrastructure management.  

5. CONCLUSIONS AND FUTURE WORK 

This paper presents an overview of the crucial concepts for managing civil infrastructures, 
together with the exploration of emerging technologies to enhance infrastructure management, 
and their potential integration into future management systems through the development of 
quality control procedures. Firstly, this paper provides the definition of the concepts of 
reliability, risk, robustness, resilience, and sustainability within the scope of management of 
civil infrastructures. The relevance of considering each of these concepts for the design and 
management of infrastructures was highlighted, and decision strategies such as increasing 
preparedness for recovery through emergency response plans, adaptive capacity through 
landscape management, and sustainable construction practices and materials, are recommended 
over traditional solutions, such as strengthening infrastructures, which involve larger 
environmental footprints.  
Furthermore, a quality control framework developed in the context of roadway bridges was 
presented, and its contribution to the achievement of management goals was highlighted. The 
framework provides a systematic methodology to link performance goals to performance 
indicators (PIs) and establish quality control plans (QCP). This framework can be adapted to 
develop QCP for other civil infrastructures. Nonetheless, the performance goals need to be 
specific to the service provided by the infrastructure, and PIs and key performance indicators 
(KPIs) should be defined accordingly. In addition, incorporating indicators to ensure a resilient 
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and sustainable performance of infrastructures is lacking and recommended as future research 
for the successful implementation of QCP.  
Finally, this paper presents emerging technologies that support sustainable asset management 
through efficient decision-making that optimizes resource allocation and reduces environmental 
impact. This is achieved through Artificial Intelligence (AI) models that improve infrastructure 
performance predictions, computational efficiency to solve reliability problems, and the 
processing of complex data sets. Moreover, implementing technologies such as Structural 
Health Monitoring (SHM) contributes to a more accurate assessment of the infrastructure 
performance, facilitating improved and timely decisions regarding maintenance actions. Lastly, 
the digital transformation of asset management by incorporating Building Information 
Modeling (BIM) and Digital Twins (DT) is a prominent step forward to advance in the life cycle 
management of critical infrastructure. Future research should aim to incorporate each of these 
emerging technologies within QCP to ensure the achievement of the specified target 
performance.  
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The behavior of flat slabs reinforced concrete structures with different 
floors, in seismic areas. 
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The design and construction of tall buildings in seismic-prone areas must adhere to technical 
standards and regulations. However, these standards are often challenged by the preferences of 
architects, designers, and investors. There is a common desire for quick and cost -effective 
completion of the design and construction process. Balancing these considerations is crucial to 
ensure the safety and integrity of tall buildings, especially in areas prone to seismic activity.  
Horizontal structural elements like flat slabs made of reinforced concrete are highly sought after 
for their applicability in various structural systems, providing versatility in building use. 
Constructors often request and emphasize the use of flat slabs to expedite construction, 
minimize physical effort, and simultaneously lower construction costs. Architects also 
frequently make these requests to enhance the flexibility of interior organization and 
reorganization in residential and functional spaces. For the effective utilization of flat slabs as 
a structural component, structural designers need to conduct thorough analyses to understand 
and mitigate various effects. This involves exploring the potential of different geometric shapes, 
establishing the minimum geometric conditions for use, assessing the material qualities of the 
elements, and considering the boundary conditions of supports. Careful analysis by structural 
designers is crucial to ensure the reliability and safety of structures employing flat slabs.  
Support spaces, dimensions of vertical elements like columns and walls, and the risk of 
punching shear from columns into the slab are critical variables directly influencing the size of 
flat reinforced concrete slabs. Challenges arise in dealing with deflection developments 
influenced by the rheology of materials. The potential for seismic actions further heightens the 
risk associated with using flat slabs in structures with expansive support spaces and substantial 
floor loads. Careful consideration and analysis of these variables are essential for ensuring the 
structural integrity and safety of buildings employing flat slab systems, particularly in seismic-
prone areas. 

Keywords: Flat slab, strengthening, penetration, period of oscillation.  

1. INTRODUCTION 
The main aim of the work is to study structures using flat plate structural systems (without 
beams), comparing them with cases of structural systems supported by beams in areas of 
moderate and high seismicity. Various simulations have been used to make a comparison 
between them. 

- People protection 
- Limiting deformation 
- Ensuring important facilities remain functional [1] 

The seismic behavior of a structure during an earthquake critically depends on parameters such 
as the structure's shape, size, earthquake intensity, structural system, and the type of slab[3]. 
Achieving structural performance is linked to the materials used, construction technology, 
accuracy of calculation methods, and, of course, the cost of implementation [5][6]. 

2. STANDARDS FOR STRUCTURES, DEMANDS 
To be clasifying as regular in plan according to EN1998-1, 4.2.3.2, a building must satisfy all 
the following conditions. 

- The area within the outlines does not exceed 5% 
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- The ratio of the longest dimension of the object to the shortest one should not be greater 
than 4 (Lmin<·4Lmax) 

- In each analysis direction and at every level of the structure, structural eccentricity must 
satisfy the following condition 0.3 ; 0.3 ; ox x oy ye r e r   x sr l  [2][11] 

Where: eox- length of mass and stifness center; rx- torsion radius; ls- inercial radius. 
- Conditions for the base regulation as per EC1998-1, 4.2.3. 

 
Figure 1. Regularity in verticality, according to European standards for the design and calculation of 

structures 
  

Depending on the selection of structural elements in the design, we will have different structural 
systems such as: 

 
Figure 2. Frame and dual frame structural shape. 

 
 

3. IN BASE AND VERTICALITY NOT REGULAR STRUCTURE ANALYSIS OF 
BUILDING B+5 

The reviewed building has a configuration of basement plus ground floor plus 5 upper floors. 
The positioning of the elements has been adjusted to accommodate architectural requirements. 

 
Figure 3. Computation modeling of the structure. 
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The structural system of the building is selected as a frame system with flat slabs, but there are 
also two cores made of reinforced concrete for the elevators. 

 
Figure 4. Building base planimetry, vertical structural arangment in base of building. 

 
The obtained behaviour factor has q=0.8∙ qo∙kw =0.8∙3.9∙1.0=3.12, shall be reduction of 20% 
because of not vertical regularity of building.   
To analyze the optimal behavior of the structure, 8 different models with identical floor plans 
have been created, comparing the values of the periods. 

- Model 1, The concrete slab with a thickness of 20 cm (no beams at the perimeter) after 
the modal analysis of structure the obtained results shows the significantly large period 
value of oscilation T=1.392s. Therefore, the structure needs to be re-considered. 

- Model 2, Same slab as previous from model 1, with the additional columns of cross 
sections T in axis D, becouse of the huge eccentricity. The vibration period of this 
system have bean reducted for 12.8% or T=1.213s however, the proposed system has 
not satifactory value of behaviour and produce a very flexibile structure. 

- Model 3, Same model as previous models 1 and 2, containing the beams in perimeter of 
the slabs cross section of 30/50cm. For this model the oscilation period has bean reduced 
for the 7.8% compearing to the model 2 and has T=1,.118s. 

- Model 4, same model as previous, additionaly are the two core of building contains with 
the seismic walls and the stairs. The oscilation period obtained has value of T=0.738s. 

- Model 5, in this improved model the thickens of the slab has increase from 20cm to 
25cm and the obtained oscilation period has T=0.7204s where 51.75% reduced from the 
model. All other members of structure as similar to model 4. 

- Model 6, structure with fleat slabs thicknes of 30cm, without beams and the structural 
seismic core, the value of period of oscilation has T=0.970s. 

- Model 7, The structure containig with the fleat slabs thicknes of 30cm, and columns 
section of T shape, without beams, without shear core walls the period of oscilation has 
T=0.730s and it can be easy to conclude that this model is aproache to the model 5. 

- Model 8, Structure with the slab thickness of 30cm, beams on perimeter of slab, columns 
section T shape, seismic walls, ocur the lovest value of the period of oscilation of 
T=0.702s. This is consider the best solution of chosen structure and the consequence 
may be the higher price to construct them, due to this is chosen the model 5 for the detail 
analysis as a good model. 
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Table 1. Period of oscilation for the diferent typology of the structure  

 
Also, it is made a comparison of the horizontal displacements among the 8 models, and we have 
obtained these results. 

Table 2. Horizontal displacements for the diferent structural system analysed  

 
As can be seen from the above diagram, it is observed that out of the 8 models, the one with flat 
slabs without drop panels and cores has the largest displacements, and the addition of these 
elements significantly reduces the displacement.[4] 
After calculating the second-order effects for the main model (model number 5 - i.e., the system 
with 25cm slabs, perimeter beams, T columns, and cores made of reinforced concrete), this 
model satisfies the condition that Θ<0.1, as shown in the table below: 

Table 3. Second order theory 
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5 24.3 4.69 18.75 3.86 12559.7 2253.8 843.56 3400.0 0.007687 0.0169 

4 19.61 5.37 14.89 4.22 19577.1 3203.8 1185.0 3400.0 0.009651 0.0205 
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2 8.74 5.09 6.68 3.44 39019.8 4702 1692.5 3400.0 0.012423 0.023 

1 3.65 3.43 3.24 2.39 50768.2 4990.9 1793.7 3400.0 0.010261 0.0199 
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P 0.22 0.22 0.85 0.85 75008.3 5009.4 1833.1 3400.0 0.000968 0.0102 

 
4. STRUCTURAL ANALYSIS OF THE BUILDING B+5 WITH REGULAR 

VERTICALITY 
The model of analysed building has dimensions of (40/19.40) meters. It will be utilized for 
commercial purposes on the ground floor and for residential purposes on the upper floors. The 
structural system of the building is selected as a frame system with flat slabs, but there are also 
cores made of reinforced concrete for the elevators. The building is regular in height, unlike the 
first object. The dimensions of the walls are: 30/160cm, 30/200cm, 30/300cm. There is an L-
shaped wall with dimensions 120x30 + 30x120cm, and the core measures 400/20cm + 
200/20cm. The slabs have a thickness of h=25cm and are directly supported on columns.  
Initially, the shape of the columns were retangular adopted as 60/120cm, respecting the ductility 
condition of the column according to EN1998-1 5.4.3.2.1 (3), where vd=NED/Ac·fcd<0.65. 
However, since the eccentricity was significant, the dimensions of the columns were changed. 

 
Figure 5. The position of the centre of the stifness and the mass for the model 1. 
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Figure 6. The position of the centre of the stifness and the mass for the main analysed model.  

 
Unlike Figure 4, in this floor plan, we have columns and walls organized in two orthogonal 
directions depending on the necessity for the center of stiffness to be as close as possible to the 
center of mass. The walls on Axes 1 and 8 are placed with these dimensions, as in figure 5. 
After modal analysis, we observed that the first mode shape turned out to be torsional, and with 
this new positioning as in figure 6, the first two modes were found to be translational, with a 
value of T1=0.629s. 

 

Figure 7. The first of two oscilation tone  T1=0.629s and T2=0.5623s 
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Figure 8. Structural computation model 

 
The behavior factor for this model is q=qo∙kw=3.90, meaning there is no reduction in the 
behavior factor since we have regularity in the plan. 
Furthermore, the second-order effects 0.1   are also accounted for by this structure. 

Table 4. The second order effect P-∆ 
( )

( )−


 =


tot
x x x

tot

P d

V h
 

Floor  
Xr 

(mm) 
dx 

(mm) 
Yr 

(mm) 
dy 

(mm) 
Ptot 

(kN) 

  

h 
(mm) 

   

Roof 18.92 2.79 21.37 3.5 8003.50 1667.9 226.66 3000.00 0.0044627 0.0412 

 
 
 
<0.1 

5 16.13 3.21 17.87 3.74 16655.30 3205.2 432.47 3000.00 0.0055601 0.04801 

4 12.92 3.41 14.13 3.84 25307.10 4436.6 596.08 3000.00 0.0064837 0.05434 

3 9.51 3.4 10.29 3.74 33958.90 5342.4 716.15 3000.00 0.0072041 0.05912 

2 6.11 3.14 6.55 3.35 42610.70 5922.5 793.92 3000.00 0.0075305 0.05993 

1 2.97 2.87 3.2 2.74 51417.20 6208.4 835.08 3000.00 0.007923 0.05624 

P 0.1 0.1 0.46 0.46 76165.30 6266.9 861.82 3500.00 0.0003472 0.01162 

 
 

5. THE COMPARATION OF OBTAINED RESULTS 
- The main difference between the first and second structures lies in the height 

irregularity, where the first structure is irregular in height. Therefore, the behavior factor 
"q" will be reduced by 20%. Consequently, to ensure the structure behaves adequately 
under all loads, a higher amount of reinforcement should be placed in the structure due 
to this reduction. 

- The period of vibrations is 12.687% shorter in the structure with height irregularity 
compared to the one without irregularity. 

 
 
 
 
 
 
 



 

50 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

Table 5. Period of oscilation comparation between the two structures 
 

 

Furthermore, the displacements in the structure with height irregularity are 46.405% larger than 
those in the structure with regular height. 

Table 6. Comparation vales of the horizontal displacements of two structures 

6. CONCLUSIONS  

Some of the main advantages of flat slabs are: 
- Reduction in construction time, physical energy, and materials used in the finishing 

layers of structures, leading to a reduction in financial costs. 
- Designers have greater flexibility in organizing and reorganizing the internal spaces of 

structures. 
- Maximum utilization of floor space is achieved with this type of slab, as there is only 

one level of slab, i.e., flat slab. 
- Since the required height is more easily achieved with these slabs, there can be a 

reduction in overall height. 
- All mechanical and electrical installations can be directly installed in the underside of 

the slab instead of being recessed, allowing for more efficient use of space. 
The main disadvantages of flat slabs are: 

- Increased bending moments and acceptance of shear forces. 
- They are not optimal for use over distances greater than 7 meters. 
- Displacements may be more pronounced. 
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- In cases where the height of the ground floor is significant, there is an increased risk of 
the soft story mechanism. 

Conclusions: 
- Structures with flat slabs are more flexible than those with beams, experiencing larger 

horizontal and vertical displacements of slab elements and also larger relative floor 
drifts. 

- In structures with irregularities in height, the value of the behavior factor "q" is reduced 
by 20%, which will result in the need for a larger amount of reinforcement in order to 
increase the structural capacity. 

- Placing perimeter beams deeper than the slab increases the stiffness of the structure.  
- The thickness of the slab has a positive impact on the stiffness of the structure; however, 

it should be adopted considering the cost, as increasing the slab thickness will increase 
the amount of concrete and thus the total cost. 

- Proper positioning of reinforced concrete cores also has a positive impact on stiffness.  
Recommendations: 

- Importance should be given to organizing the vertical elements of the structure so that 
the distance between the center of mass and the center of stiffness is minimized and 
within close proximity to zero, as shown in figure 6. This phenomenon has been 
considered in the analysis of the two structures. 

- Structural engineers should verify the stiffness against torsional flexibility in structures. 
- Emphasis should be placed on the value of the period of vibrations, considering that the 

behavior of the structure under seismic actions is closely linked to it. 
- In order to minimize the impacts on vertical elements, care should be taken regarding 

the modes of vibration of the structure induced by seismic action, where the first two 
modes of vibration should be translational rather than torsional. 
 

REFERENCES 

[1] Eurokodi 8. (a.d.). Eurokode, EN 1998, "Design of structures for earthquake Resistance", 
2004. 

[2] Florim Grajçevci. (a.d.). Projektimi i strukturave nga Betoni i Armuar. 
[3]    Veton Pira, V. (a.d.). Parimet e projektimit sizmik te konstruksioneve. 
[4] Gokhan Tunc, Abdul Basir Azizi, Tuğrul Tanfener, "Effects of Slab Types on the Seismic 

Behavior and Construction Cost of RC Buildings " 
[5] Altin Seranaj, "Reagimi i strukturave prej betoni të armuar pa trarë dhe strukturave me 

trarë me lartësi të vogël, në rajonet me sizmicitet të mesëm dhe të lartë"  
[6]    Rregullat per projektimin e ndertesave prej betoni bazuar ne eurokodin 8, material trajnues, 

Markel Baballëku, Niko Pojani , E.Spance, Sh.Bogdani, N.Lako, A.Lako, H. Cullufi, 
N.Shkodrani. 

[7] Eurocode: Seismic Design of Buildings Worked examples, Lisbon 2011 - B.Mosley, J. 
Bungey dhe R.Hulse,  

[8] Projektimi i Strukturave prej Betoni të Armuar, Përkthyer nga POLIS,  
[9] Geotechnische Nachweise und Bemessung nach EC7 und DIN 1054, Springer. - 

M.Setareh, R.Darvas,  
[10] Seismic behavior of multi-story structure with different types of slabs, Mahesh Bakale 
[11] M.Fardis, E.Carvalho, P.Fajfar and A.Pecker, Seismic Design of Concrete Buildings to 

Eurocode,  
[12] Seismic Analysis of Flat Slab Structure, Sukanya Sawant, Prof K. R. Dabhekar 



 

52 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

[13] Analysis of flat slab structure and conventional slab structure, Shital Borkar, Dr. Isha 
Khedikar, Dr. Kuldeep Dabhekar 

[14] R. P. Apostolskaet. Al, “Seismic performance of flat-slab building structural systems.” 
[15] Gokhan Tunc, Abdul Basir Azizi, Tuğrul Tanfener, "Effects of Slab Types on the Seismic 

Behavior and Construction Cost of RC Buildings " 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

53 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

Designing cylindrical silos according to "Eurocode" European standards  

Altina Grajçevci, Armend Mujaj, Labeat Misini 
Department of Construction Engineering, Faculty of Civil Engineering, University of Prishtina “Hasan 

Prishtina”, Prishtina, Kosovo 

This work aims to instruct the design of silos according to European standards, considering 
these structures as special, sensitive, flexible, and with high load-bearing capacities. The 
geometry of the silo design is a potential issue considering their arched shapes, appropriate 
bottom shapes of the silo, and the flow of the deposited material during unloading. Geometric 
shapes with rotational symmetry around the circular silo create favorable effects and good 
structural performance even during loading and unloading processes. Geometric silo design 
aims to maximize the capacity of silos while minimizing construction costs. The development 
of silo design procedures takes into account the selection of the optimal hopper angle and 
minimum external dimensions of the silo. The ideal geometric shape of material discharge from 
the silo ensures smooth unloading. This refers to mass flow. The standards used for designing 
and calculating the effects and behavior of deposited materials in silos are crucial for their 
stability and functionality. Taking into account the developed design criteria for silos, the design 
component includes combinations of external actions, load patterns, primary and secondary 
effects on structural elements, and the relative flexibility of the elements. The buckling of 
cylindrical silo walls as a result of asymmetric filling is a significant consideration. If the point 
of drawdown at the bottom of the hopper is not at the vertical rotational axis of the silo and if 
the material flow channel interferes with the silo walls, non-uniform pressure develops, which 
manifests around the perimeter of the silo, causing horizontal and vertical buckling in the 
cylinder walls. This buckling presentation issue is crucial in the geometric selection of silos to 
avoid buckling. The theoretical part presents possible geometric shapes of silos, external actions 
from the most unfavorable cases of loading and unloading effects, the calculation of internal 
influences according to membrane theory, actions from wind and seismicity, and their 
combinations for various limit states. In the numerical part, an example is taken for the analysis 
and design of cylindrical silos based on the theoretical part. In the final section, the computer 
program Sofistik is utilized.  

Keywords: Silos, buckling, flexibility, granular materials. 
 

1. INTRODUCTION 
The primary purpose of silos is to store and preserve various materials, typically agricultural 
grains, such as wheat, corn, or soybeans. However, silos can also be used to store other materials 
like cement, coal, wood chips, and more. The main objectives of silos include:  

- Storage: Silos provide a controlled environment for storing bulk materials, protecting 
them from external elements such as moisture, pests, and contamination. 

- Preservation: Silos help in preserving the quality of stored materials by minimizing 
exposure to air, moisture, and pests, which can lead to spoilage or degradation. 

- Inventory management: Silos enable efficient inventory management by providing a 
centralized location for storing large quantities of materials. This facilitates inventory 
tracking and ensures adequate supply for various applications. 

- Transportation: Silos can serve as intermediate storage facilities in supply chains, 
allowing for efficient transportation and distribution of materials from production sites to 
end-users. 
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- Processing: In some cases, silos are equipped with systems for material handling and 
processing, such as drying, blending, or conditioning, to enhance the quality or suitability 
of stored materials for specific purposes. 

Overall, silos play a crucial role in various industries, including agriculture, manufacturing, 
construction, and logistics, by providing a means for safe, organized, and efficient storage of 
bulk materials (N. S. Fish.: The History of the Silos in Wisconsin, 1924-1925; John Scott.: Farm 
Buildings, 1914). 
The loading and unloading of silos depend on their shape, and the choice of materials used for 
forming the structure is also very important. Depending on the function of the silo, they may 
have additional openings that serve for ventilation of spaces or even the installation of various 
machinery for loading and unloading. 
Given the shape of the roof - the cover, as well as the base of the silo, more stable silo structures 
can be achieved. The shape of silos in plan view, ranging from polygonal sections, square, 
rectangular, pentagonal, and more sides up to circular, allow for greater overall stability. Silos 
can also be elevated from ground level to create higher pressures (such as in the case of water 
or liquid reservoirs) or supported on the ground forming structures with small bases and great 
heights. From these possibilities of formation in various bases and heights, silo structures of 
various types can be formed. 

2. DESIGN BASED ON LIMIT STATE. 
The limit state for structures implies the condition of the structure that should be stable, durable, 
and functional throughout its designed lifespan. The structural elements and the structure as a 
whole should be capable of accepting external forces so that the mechanical properties of the 
materials can withstand them without breaking, and deformations are within limits that ensure 
the uninterrupted function of the object and without significant residual deformations. 
Designing and calculating silos according to the limit state implies maximizing the use of 
materials, limiting deformations, expansions, and vibrations while ensuring local and overall 
stability of the structure. 

3. ACTIONS ON SILOS 
The permanent actions G, g for silos include the weight of the supporting structure of the silo, 
cladding, hopper, roof, rings, and all other constructive and non-constructive materials built 
into the silo that are permanent. 
Live loads in silos include wind, snow loads, as well as loading actions such as filling loads - 
deposits in silos, which can be liquid materials and solid materials in granular or powder forms. 
(EN 1990, 2001; EN 1991-1-4, 2005). Temporary actions are more complex in silos, for the 
sole reason that there may be different scenarios or situations of filling and unloading of loading 
deposits in silos. In Figure 2.1, cases of loads during symmetric and asymmetric filling are 
presented. Loads on the vertical walls of silos as a result of filling or partial unloading with 
small eccentricities are shown with symmetric loads as well as with asymmetric load situations. 
When the eccentricity is more pronounced, then the internal compression actions are symmetric, 
which occurs in asymmetric silos (EN 1991-4, 2006a; EN 1998-4, 2006b). 
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Figure 1. The simetrical load cases on silos 

The silo with rotational symmetry axis has uniform pressure ph acting on the inner walls of the 
cylinder, normal pressure pn on the cylindrical hopper section, frictional load on the cylinder 
walls p, tangential friction on the hopper walls pt, and pressure from the material volume pv. 
The transition of pressure from the cylinder part to the hopper part is pvft. Forces Gc and Gh are 
concentrated forces at the centers of gravity of the cylinder and hopper, respectively. 
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Figure 2. The silos indoor preasure in case of symetrical axis, preasure from the acumulated materials, 

resitance of the silos 

4. RELIABILITY DIFFERENTATION 
During the design of silos, it is crucial to consider the varying levels of complexity inherent in 
the arrangement and construction of the silo structure, as well as the different failure modes that 
can occur. To meet the standards of one of the three reliability classes, design procedures should 
incorporate the specific requirements of these classes. These procedures aim to accurately 
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assess the essential risk by factoring in costs and implementing necessary measures to mitigate 
the risk of structural failures. 
 

Table 1. Consequence class depending on size and operation 
Consequence 
class Design situation 

Consequence 
Class 3 

Silos of capacities ower the 10,000 tons, for the appearing of the load 
situation: 
a) eccentric discharge of e0/dc>0,25, (figure 1.b) 
b) vertical silos with the top eccentricity et/dc>0,25  

Consequence 
Class 2 

All silos covered by the standards of prEN1991-4 and are not part of 
other classes 

Consequence 
Class 1 

The silos with the capacyties les then 100 tons. 

The loads from solid materials deposited in silos should be considered when the silo is at full 
capacity. Cases of loadings from depositions should be considered for both the filling and 
discharge conditions of the silos for the ultimate limit state and the serviceability limit state. 
Calculation for the special cases of filling and discharge should be addressed in the basic 
loading cases for different limit states of the structure. 
For the calculation of each load case, it is essential to utilize the technical values of the deposited 
material, such as the coefficient of friction μ, the lateral pressure ratio K, the internal friction 
angle ∅i, which corresponds to the defined conditions of the loaded silo for each limit state. 
Even in silos with axis symmetry, when loaded with full loads, different loading cases during 
their discharge must be constructed and accounted for in calculations. In figure 3.1, the cases 
of discharge formations are provided based on their trajectories, such as: mass flow, funnel 
flow, and combined flow. 

 
 a). Mass flow,  b). Flow in tube shape 

Figure 3.1 The base shape of the flow 
When silos with significant heights, bending silos, are loaded asymmetrically or when the 
segregation effect of the deposited material occurs, the deposition in silos can result in 
asymmetric loading situations, causing non-symmetric pressures, as shown in figure 3.2. 
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Figure 3.2. The flow shape off the materials in silos 

1. LOADS ON VERTICAL WALLS OF SILOS 
The various loads on silos can iclude: 
- Dead Loads: These are the static loads exerted by the weight of the silo structure itself, 

including the weight of the silo walls, roof, and any equipment attached to it. 
- Live Loads: These are dynamic loads resulting from the contents stored inside the silo, such 

as bulk materials, grain, or liquids. Live loads can vary depending on the material's density 
and distribution within the silo. 

- Wind Loads: Wind forces exert pressure on the exterior surface of the silo, creating both 
lateral and uplift loads. The magnitude of wind loads depends on factors such as wind speed, 
exposure category, and the silo's height and shape. 

- Seismic Loads: In seismic-prone regions, silos are subjected to earthquake-induced forces. 
These loads are influenced by factors such as soil conditions, seismicity of the region, and 
the structural characteristics of the silo. 

- Temperature Loads: Temperature differentials between the interior and exterior of the silo 
can lead to thermal expansion and contraction, causing additional stresses on the structure.  

- Environmental Loads: Other environmental factors, such as snow accumulation, ice 
formation, and corrosion, can also impose loads on silos, particularly in regions with harsh 
weather conditions. 

- Operational Loads: These include loads resulting from operational activities such as filling, 
emptying, and handling of materials, as well as any dynamic forces induced by equipment 
like conveyor belts or agitators. 

- Impact Loads: Sudden impacts from equipment or materials during loading or unloading 
processes can create localized stresses on the silo structure. 

The various design situation refereing to the filling anddischarge activity it can ocure, as it is 
shown in figure 4. 
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Figure 4 Loads path of silos in filling and discharge proces. 

When categorising silos based on their length, we can consider the following types: Small -Scale 
silos; These are typically shorter in length and are often used for localized or on-farm storage 
of grains, seeds, or feed. They are commonly found in agricultural settings and may include 
bunker silos, bag silos, or small tower silos, Medium-Sized Silos; These silos are of 
intermediate length and are commonly used for commercial storage purposes. They may include 
tower silos, horizontal silos, or smaller concrete or steel silos. Medium-sized silos are suitable 
for storing moderate quantities of bulk materials, and Large-Scale Silos; These are longer and 
taller silos designed for high-capacity storage of bulk materials. Large-scale silos are commonly 
used in industrial settings such as grain elevators, food processing plants, or manufacturing 
facilities. They may include tall tower silos, extensive bunker silos, or large steel or concrete 
silos. Depending the type of the length of the silos, below are shown in scematic computation 
of the loads (Petrovi, S.: Steel silos for particulate solid material , Ljubljana, 2009). 

Scheme 1. The loads on the bending silos and the medium size bending silos.  
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Scheme 1. Symetric discharge loads 

 
Scheme 2 Load on bearing silos 
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Scheme 3 Non simetrical loads 

 

6. THE CALCULATION OF THE INTERNAL FORCES ON MEMBRANES 

For the asimetrical loads, the membranes for geometrical cilinder shape, the equilibrum 
equations contains as below; 
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Figure 4. Pressure and the membranes force on the cross section of the wall of cilinder silos. 

∑ = 0 ;𝑥     𝜕𝑁∅

𝜕∅
 𝑑∅𝑑𝑦 + 

𝜕𝑁𝑦∅

𝜕𝑦
𝑑𝑦 𝑟𝑑∅ + 𝑋𝑟𝑜 𝑑∅𝑑𝑦 = 0 (1) 

  1

𝑟𝑜
∗  

𝜕𝑁∅

𝜕∅
+ 

𝜕𝑁𝑦∅

𝜕𝑦
+ 𝑋 = 0  (2) 

∑ = 0 ;𝑌     𝜕𝑁∅𝑌

𝜕∅
 𝑑∅𝑑𝑦 + 

𝜕𝑁𝑦

𝜕𝑦
𝑑𝑦 𝑟𝑜𝑑∅ + 𝑌𝑟 𝑑∅𝑑𝑦 = 0 (3) 

Non simetrical on filling and discharge of loads in silos 

Filling Discharge 

 

𝐶𝑝𝑓 = 0.21 ∙ 𝐶𝑜𝑝 ∙ (1 − 𝑒
−1.5(

ℎ𝑐
𝑑𝑐

−1)
) > 0 

𝑝ℎ𝑓,𝑝 = 𝑝ℎ𝑓(𝑧𝑝/𝑧0) 𝑝ℎ𝑒,𝑝 = 𝑝ℎ𝑒(𝑧𝑝/𝑧0) 

𝑝𝑝𝑓(𝜙) = 𝐶𝑝𝑓 ∙ 𝑝ℎ𝑓,𝑝 ∙ 𝑐𝑜𝑠𝜙 𝑝𝑝𝑒(𝜙) = 𝐶𝑝𝑒 ∙ 𝑝ℎ𝑒,𝑝 ∙ 𝑐𝑜𝑠𝜙 

ℎ𝑐/𝑑𝑐 > 1.2 

𝐶𝑝𝑒 = 0.42 ∙ 𝐶𝑜𝑝 ∙ (1 − 𝑒
−1.5(

ℎ𝑐
𝑑𝑐

−1)
) > 0 

ℎ𝑐/𝑑𝑐 < 1.2 

𝐶𝑝𝑒 = 0.27 ∙ 𝐶𝑜𝑝 ∙ (ℎ𝑐/𝑑𝑐 − 1) > 0 
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 1

𝑟𝑜
∗  

𝜕𝑁∅𝑌

𝜕∅
+ 

𝜕𝑁𝑦

𝜕𝑦
+ 𝑌 = 0 (4) 

∑ = 0 ;𝑍      (𝑁∅𝑑𝑦)𝑑∅ + 𝑍𝑟 𝑑∅𝑑𝑦 = 0  (4.5) 

The shear force depends from the quantity of the load componente for the hight of z:  

𝑁∅(𝑧) =  𝑝ℎ(𝑧) 𝑟 (6) 
The force in the vertical section 𝑛𝑧 in depth of 𝑧 =  𝑧1 it is obtained through the integration of 
the frictional influence 𝑝𝑤 . During the filling proces of the silos and the discharge this force is 
negative. 

𝑁∅(𝑧 = 𝑧1) =  ∫ 𝑝ℎ
𝑧1

0
(𝑧) 𝑟 (7) 

7. THE STUDY CASE – EXAMPLE OF CALCULATION OF SILOS 
The type of bukle store in silis, sant. 

The design values are taken from the anex C. Table E.1 of EN 1991-4, the category of wall 
has taken D2. 

𝛾 = 14         (𝑘𝑁/𝑚3)  𝐾𝑚 = 0.45    (−)  

𝛾𝑢 = 16        (𝑘𝑁/𝑚3)  𝑎𝑘 = 1.11     (−)  

𝜙𝑟 = 39       (°)  𝜇 = 0.48       (−) 

𝜙𝑖𝑚 = 36    (°)  𝑎𝜇 = 1.10      (−) 

𝑎𝜑 = 1.09   (−) 𝐶𝑜𝑝 = 0.40    (−) 

7.1 The geomethry parameters of silos 

Not independent free parameters 
The height of silos - cilinder:  ℎ𝑏 = 15𝑚 
The radius of cilinder: 𝑟 = 2𝑚 
Simetrical half angel of hoppe: 𝛽 = 25°        
Thicnkess of the wall of silos: 𝑡 = 7𝑚𝑚 
Independent parameters 

The height of the hoppe:  ℎℎ =
𝑟

𝑡𝑎𝑛𝛽
=

2

𝑡𝑎𝑛25
= 4.289 

The heigh of the bukling up:  ℎ𝑡𝑝 = 𝑟 ∙ 𝑡𝑎𝑛𝜙𝑟 = 2 ∙ 𝑡𝑎𝑛39 = 1.619 

The depth were belong to the equivalent area: ℎ𝑜 =
𝑟

3
∙ ℎ𝑡𝑝 =

2

3
∙ 𝑡𝑎𝑛39 = 0.539 

Equivlent heght ofthe silos - cilinder: ℎ𝑐=ℎℎ − ℎ𝑡𝑝 + ℎ0 = 15 − 1.619 + 0.539 =

13.90𝑚 
Equivalent hegh of the storage buckling: ℎ𝑆=ℎℎ + ℎ𝐶 < 100 = 4.289 + 13.92 = 18.20𝑚 
Diameter of the silos structure: 𝑑𝑐 = 2 ∙ 𝑟 = 4𝑚 

The additional limitation:  ℎ𝑠

𝑑𝑐
< 10 = 4.55 < 10 

Perimeter of the cross section of silos: 𝑈 = 𝜋 ∙ 𝑑𝑐 = 3.141 ∙ 4 = 12.564𝑚    

The cross section area of silos: 𝐴 = 𝜋 ∙
𝑑𝑐

2

4
= 𝜋 ∙

42

4
= 12.564𝑚     
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The Volume of storage materials: 𝑉𝑚 = 𝐴 ∙ ൬ℎ𝑐 − ℎ𝑜 +
1

3
(ℎℎ + ℎ𝑡𝑝)൰ 

 = 12.564 (13.90 − 0.539 +
4.289+1.619

3
) 

     = 192.86𝑚3 
Weight of the storage materials: 𝐺𝑚 = 𝛾𝑢 ∙ 𝑉𝑚 = 16 ∙ 192.86 = 308.57𝑘𝑁  

Shell silos weight: 𝐺𝑠 = 2𝜋𝑡 (𝑟 +
𝑡

2
) ∙ (ℎ𝑏 +

1

3
∙ ℎℎ) ∙ 𝛾   

Shell silos weight: 𝐺𝑠 = 2𝜋𝑡 (𝑟 +
𝑡

2
) ∙ (ℎ𝑏 +

1

3
∙ ℎℎ) ∙ 𝛾 =  

 = 2𝜇 ∙ 0.007 ∙ (2 +
0.007

2
) ∙ 15 +

4.285

3
∙ 78.5  

 = 113.62𝑘𝑁  

Centre of gravity of the silos: ℎ𝑚 =
1+

1

18
∙൬

ℎ𝑡𝑝

ℎ𝑐
൰

2

−
1

6
∙(

ℎℎ
ℎ𝑐

)
2

1+
1

3
∙
ℎℎ
ℎ𝑐

∙
ℎ𝑐

2
   =

1+
1

18
∙(

1.619

13.90
)

2
−

1

6
∙(

4.289

13.90
)

2

1+
1

3
∙
4.289

13.90

∙
13.90

2
= 

= 6.124𝑚 

Inertial moment of the cilinder of silos: 𝐼 =
1

8
∙ 𝜋𝑡 ∙ (𝑑𝑐 + 𝑡) ∙ (𝑑𝑐

2
+ 2𝑑𝑐𝑡 + 2𝑡2)     

 =
1

8
∙ 𝜋0.007 ∙ (4 + 0.007) ∙ (42 + 2 ∙ 4 ∙ 0.007 +

2 ∙ 𝑡2) 
 = 0.1768217𝑚4 
The depth and thickness of silos cilinder:  

- The highest part of the wall of cilinder of silos 𝑧 = 5𝑚 and the thickness of the wall 
𝑡1 = 5𝑚𝑚 

- The medium part of the wall of cilinder of silos 𝑧 = 5𝑚 up to 𝑧 = 7.7𝑚 the thickness 
of the wall of the cilinder 𝑡2 = 7.7𝑚𝑚 

- The last part of the wall of cilinder of silos 𝑧 = 7.7𝑚 up to 𝑧 = 13.90𝑚 the thickness 
of the wall of the clinder 𝑡3 = 10𝑚𝑚 

Depth and thickness of the wall of the hoppe: 
• 𝑥 = 4.30𝑚 up to 𝑥 = 3.30𝑚 with thickness 𝑡4 = 6𝑚𝑚 
• 𝑥 = 3.30𝑚 up to 𝑥 = 0𝑚 with thickness 𝑡5 = 4𝑚𝑚 

The type of silos and hoppe determination: 
The type of Silos:   ℎ𝑐

𝑑𝑐
=

13.90

4
= 3.475 < 10 →  Bending silos 

The type of the hoppe:   𝜇𝑚𝑖𝑛 =
𝜇

𝑎𝜇
=

0.48

1.10
= 0.4363 → Climbe hoppe

 tan 25° = 0.414 

7.2.The silos analysis and computation 
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Figure 5. 3d model, Radial membrane force in direction x, from fill, direction y and direction x from 

discharge 
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Figure 6. Membrane force direction y fro discharge, first mode shape f=1.46, T=0.68 s – direction x, 

second mode shape f=1.73, T=0.57 s – direction y, Bending moment Mz –seismic direction x. 

 

 

 
Figure 7. Shear force Vy – seismic – X, Bending Momements My –Seismic Y, shear force Vz – 

Seismic Y, Cross section calculated.  
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7.3.The results comparation from the numerical computation 
Using linear analysis, the mass at the support of the structure has been neglected; therefore, the 
model only includes the supporting mass at the height hm from the transition between the 
cylinder silo and the hopper silo, resulting in only one possible oscillation in the horizontal 
direction. This means that this structural system has only one degree of freedom. 
With nonlinear analysis using the finite element method, problem solving in structural 
mechanics is always carried out according to the step-by-step computational method. Therefore, 
this is of particular importance for the use of computer programs. 
For nonlinear structural analysis, the first step involves dividing the structure into a number of 
small elements, with finite dimensions that may be uniform or non-uniform. The number and 
dimensions of the elements depend on the type of structure being analyzed, the type of acting 
load, and the accuracy required for solving the given problem. 

Table 2. The Oscilations Periods 

 Lineare 
Analysis 

Nonlinear 
Analysis 

Non 
coincidence 

% 
𝑻𝒙 1.56 0.68 55.41 
𝑻𝒚  1.33 0.57 57.14 

8. CONCLUSIONS 

Lately, the use of silos in our country is not uncommon. In my research, I have found many 
such structures serving the construction industry, specifically in concrete factories where silos 
are used for cement storage, and in rarer cases, for water storage. Some of these factories plan 
to build smaller silos for the accumulation of concrete additives in powder form. In other cases 
where silos are found, they serve the food industry for wheat storage, silage, and in some cases, 
even in the chemical industry, for epoxy colors and other materials. These existing structures 
are made of steel and vary considerably in size from case to case. 
To achieve smaller dimensions of silos, they are preferably constructed on strong foundations, 
such as rock ground. The geometric shapes of silos play a crucial role in determining their 
dimensions, and it is preferred for them to have a circular and symmetrical section. Other 
significant factors influencing the size of the silo include its height, material storage capacity, 
height of the silo support-construction, hopper shape, and hopper angle.  
During the design of silos, special attention should be paid to the type of material being stored, 
its technical performance characteristics such as angle of repose, segregation tendencies, and 
the sticking of particles to prevent uneven and non-uniform discharges that can cause moments 
of bending in horizontal and vertical reference directions. 
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The Chronology and Post - Fire Effects on General Medicine Hospital 
Building, Tirana University Hospital Center 
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This paper presents a case study of the fire’s chronology and identification of it from a fire 
protection system. The way that other systems have reacted at the time of fire such as fire 
alarms, access controls, AHUs, pressurization systems, and elevators. This building has the 
implementation of BMS (Building Management System) and it is a new building finished just 
a year ago, so we present here the importance of monitoring the system at the time that a fire 
starts. And the benefits of integrating BMS with the fire identification system through smoke 
sensors. We also indicate that the REI compartment area, especially the application of REI walls 
and doors, had a high effectiveness in limiting the fire in the technical rooms on level 1 and 
ground floor. It indicates the effects and damage caused to the building, and what could have 
happened if the exposed to the fire had been longer. Here is highlighted also the general damage 
to the Hospital, including the departments that went out of service, which affects the hospital's 
functionality. After the fire, a site investigation was done to determine the post-fire damage 
assessment on the reinforcement structure, and the proposals for intervention and repairs of the 
structure.  

 
Keywords: Fire systems, BMS, structural damage, post-fire. 

1. INTRODUCTION  

This paper is about the event of fire that happened on 11 February 2024 in General Medicine 
Hospital Center. The fire started on level -2, in the morning and lasted around 2.5 hours. The 
flames arrived till the ground floor, across the shaft of electrical cable. Ater the fire a site 
investigation has been done and here we are going to show some photo, and to explain reaction 
of other compartment and systems of the building at the moment of fire. 
Considering the temperature of area and slab during the fire, measured by firefighter we will 
analyze changes of physical and mechanical characteristic of concrete and steel on the damage 
zones of structure. Also, we are going to explain here the damage done in the structure and an 
evaluation of bending moment before and after the fire of slab at level –2, taking into 
consideration construction project.  Here are going to be mentioned even the collapse that was 
created on the service and functionality of some department of the hospital.  
This Hospital is a new building finished just a year ago and it has the implementation of BMS 
system, so we are going to give some information about this too, and the way it works, emphases 
also the beneficial of monitoring and getting the information in real time  
 

2. MATERIALS AND METHODS  
2.1. Physical and chemical phenomena in concrete  

In the event of a fire, a very sharp rise in temperature may trigger physical‐chemical changes in 
the concrete, such as dehydration by drying of the concrete and decarbonization. These 
phenomena can cause shrinkage, losses of resistance and rigidity of the materials. 
Dehydration and decarbonization are endothermic reactions: they absorb energy and therefore 
slow down heating. They therefore go hand in hand with absorption of heat which slows down 
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the heating of the material exposed to the fire. A dehydration and vaporisation front forms from 
the heated surface where the temperature barely exceeds 100 °C (see figure 1).  
For concrete, the loss of resistance results mainly from the formation of internal cracks and the 
degradation/disintegration of the cement paste. As described above, several  
transformations resulting from the significant increase in temperature occur in the cement paste, 
causing a loss of cohesion. Generally speaking, the negative effects of heat mentioned above 
only act on an external layer 3 to 5 cm thick. It is worth remembering that, even damaged, 
concrete acts as an insulating layer, a thermal shield. It protects the load‐bearing core from the 
full effect of the high temperatures.  

Table 1. The concrete changes in an extremely complex manner during a fire 

Temperature in the 
concrete (C) <100 >100 100 to 800 >300 

Reaction Of 
Concrete 

As a general rule this 
temperature is 
inoffensive to concrete. 
Simple expansive 

The concrete loses 
its free water. The 
water which is not 
chemically bonded 
evaporates from the 
capillary pores 

The concert loses its 
chemically bonded 
water from CHS 

The paste in 
fact contracts 
while the 
granulates 
expand. Long 
– term heating 
at this 
temperature 
significantly 
reduces to 
traction. The 
concrete 
begins to 
disintegrate  

Temperature in the 
concrete (C) 400 to 600 +-575 >700 1150 to 2000 

Reaction Of 
Concrete 

Calcium hydroxide Ca 
(OH)2 is broken down 
into calcium oxide  
CaO and H2O.  

Spontaneous 
transformation of 
quartz α into quartz 
β which goes hand in 
hand with an 
increase in the 
volume of concrete. 

The transformation 
of limestone CaCO3 
into Calcium oxide 
CaO and CO2 begins  

The concrete 
begins to 
melt. First the 
cement paste, 
and then the 
aggregates. 

 
 
 

2.2.The mechanical and thermal characteristics of concrete and steel. 

The losses of strength in concrete and steel are shown below on the same graph. Re‐rating factor 
ks(θ) for rezistenece and re‐rating factor of stifness for concrete and steel.  
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Figure 1. Comparison of the mechanical characteristics of steel and concrete due to temperature 

 The above graph is not common: it shows that the relative loss of rigidity is greater for concrete 
than for steel! This reflects the capability of concrete, as expressed above, to tolerate the 
restraint. This significant drop in the rigidity of concrete at high temperatures has relatively 
little influence on the rigidity of compressed elements in concrete as only the first few 
centimeters from the surface are affected. Conversely, the thermal diffusivity of steel, 25 times 
greater than that of concrete, combined with a low massivity of the pieces, has a serious 
influence on the buckling behavior of steel pieces. 

 
2.3.Flexural of slab and Strengthening 

Fibre reinforced polymers can easily be utilized to strengthen existing reinforced concrete slabs 
on grade to enhance flexural capacity, to avoid excessive slab deformations and to reduce stress 
concentrations around regions of cut-outs. The idea of bonding FRP sheets on the tension side 
of the slab is similar to the well-known method of flexural strengthening reinforced concrete 
beams in flexure by bonding FRP sheets.  

 
Figure 2.  Cross section, stress and strain calculation for bending moment.  

 
Capacity of tension bending moment of a reinforced slab, without the strengthen, as we know 
is:  
                                                                𝑀 = 𝐴𝑠 × 𝑓𝑦𝑑 × 𝑧                                                                  (1) 

where  𝑓𝑦𝑑  =  𝛾 × 𝑓𝑦𝑘 = 0.87 × 𝑓𝑦𝑘   and  𝑧 = 0.9 × 𝑑  

                                      𝑀 = 0.87 × 𝐴𝑠 × 𝑓𝑦𝑑 × 0.9 × 𝑑 = 0.783𝐴𝑠 ×  𝑓𝑦𝑘                                                  (2) 

Where, M is capacity of tension bending moment of a reinforced slab, As is reinforcement area, 
fyd is designed resistance of steel and z is the distance. 
The strain level in the FRP strengthening system is limited by the strain in the concrete or the 
ultimate strain in the FRP system and is given as: 
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                                                          𝑓𝑒 = 𝑐𝑢
ℎ−𝑐

𝑐
− 𝑏𝑖 ≤ K𝑚𝑓𝑢                                                        (3) 

Where, εfe is the effective ultimate strain in the FRP at failure, εcu is the ultimate compressive 
strain in the concrete (0.003), c is the depth of the neutral axis, h is the depth of the section, and 
εbi is the existing tensile strain in the concrete substrate at the location of the FRP strengthening 
system when the FRP system is applied. 

3. RESULTS AND DISCUSSION 

3.1. Fire Event and damage 

The fire started in the morning at level -2, according to information taken from fire identification 
system; smokes sensors were activated at 5:18.  The flames arrived till the ground floor, across 
the shaft of electrical cable. The origin of the fire is not known for sure but there are indicators 
that show that flames have started from battery of UPS of Angiograph. This battery was under 
one of the main shafts of electrical cable that gives power to one quarter of the building and 
during the fire all the cables that passes throw this shaft were burnt till the ceiling of level 0. At 
level -1 the door of technical room was closed, which had delayed the smoke to spread at this 
level, but a different situation was on ground floor where the door was opened. Because of this, 
smoke was spread faster here, this can be noticed even from the amount of the activation sensor 
at ground floor. Even at level -2 two main doors were left open, as resalt the smoke at this area 
was with high intensity.  
The flames inside the technical room at level -1, have lasted for more than an hour and only 
because it was used REI 120 walls and Door, the fire was not spread at the other area at this 
floor. The situation would have been worse if the technical room was not with REI material, or 
the door was left open. If the fire would have lasted longer and the temperature would been 
higher, there would have happened another big problem. The floor at level -1 has an Igloo, 
which means that between the slab of level -2 and the floor of level -1, there are installed Igloo 
with 70cm height, and then 20cm reinforced concrete. So, it would have been a big issue if the 
igloo was gone on fire, because would have been difficult to stop the spreading of fire under 
the floor and turn it off. 
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Figure 3.  Smoke detector activation and photo 
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Beside the fire detection sensor, another system was affected by the fire and reacted at the same 
time with a smoke alarm. So, it was activated immediately the fire evacuation alarm, saying: 
“A fire has been detected at the building, please keep coming and go into nearest exited”.  At 
the same time all AHUs were off and fire dampers were closed to stop the smoke spread throw 
the channel air.  

 
3.2. BMS System, the way it works and the information getting from it. 

As we mention above the building has implementation of BMS system. That is separated into 
mechanical and electrical BMS. Above we have attached some photos taken after the fire. To 
explain what information we can get from BMS we also have include some other photos taken 
during motoring process when everything was working properly. 
The mechanical part of BMS is responsible for AHU, Chiller and Nuclear wastewater.   
On the other hand, electrical BMS gives information in real time for Medium Voltage, Medical 
Gases, Pomp drainage, UPS and generator, Pressurized air, Septic water, Elevators etc. From 
the electrical BMS we can get in real time if there is any error or if an event is happening, for 
example in the photo below we can notice that the elevator nr .4 is out of service. Mechanical 
BMS is more interesting, because here we not only can take in real time parameters of mechanic 
equipment, but we also could change from here. For example, if we want to increase or decrease 
the temperature of the air ventilation coming into the building, we can do it from the computer 
without having the need to go fiscally where the equipment is installed.  
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Figure 4. Electrical and mechanical BMS  
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3.3 Structural damage and suggestions for strengthening 

After the fire was done an investigation on the site, to evaluate the situation on the building, 
considering structural and functionality damage of the hospital. Because of the fire a quarter of 
each floor of the object was without electricity, and out of service. At ground floor department 
of hemodynamic was not in function because, there was no power supply in three Angiographs 
equipment’s, and was impossible to treat patient with cardiac sufficient. Most of the patients 
have cardiac issues that’s why even the emergency was almost out of service. Besides this all 
AHU-s were off, as resalt there was no aspiration of air at all the building.  
 
3.3.1 Site evaluation of structural damage  
 
As we mentioned before, the fire started at level-2, the structured damaged here is done on slab 
and perimetral wall.  It is around 2 m2 slab damaged and 1.5 m2 reinforced concrete wall. As 
shown above from the photos some parts of concrete are removed, which is protective layer 
(from 3 to 5cm). Fire compartment and REI materials that were used at the building had a high 
effective role especially at technical room at level-1. The door and the gypsum walls of this 
room were REI 120.  Because of that the fire was locked only in that room for about 1.5 hours 
and did not spread around at floor -1. According to the firefight, at level -2 and in technical 
room at level -1, the temperature arrived 500 degrees Celsius.  Below there are some photos 
taken at level -2 and -1 after the fire. 
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Figure 5. Structural damage of fire 
 

3.3.2. Calculation of capacity of bending moment of slab before and after the fire   and 
suggestions for strengthening 
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To calculate capacity of the slab we are going to take in consideration structural project of the 
building and the temperature registered from the firefighters,  
From the temperature we have found the de-rating factor of resistance of steel. 
According to the design reinforcement of the slab is Ф14/15cm with steel S500. For 1ml section 
of the slab we have:  

As=100/15*3.14*D2 /4=100/15*3.14*0.142 /4=10.26cm2   
h=50cm   d=h-5=45cm   fyk=5000daN/cm   fyd=γ *fyk=0.87*fyk 

 
 

 
Figure 6. Reinforcement Concrete from structural project. 

 
Capacity of the slab before the fire is: 
M=As*fyd*z=0.87*As*fyd*0.9*d=0.87*10.26cm2*5000daN/cm2*0.9*45cm=18075.5daN*m   
M before fire=180.75KN*m                                                                                                             (4) 
          According to firefighters the temperature at level -2 have been around 500 degrees 
Celsius. This means that according to the diagram of fig. 1  
fyd’ =0.77*fyd=0.77* γ *fyk=0.77*0.87*fyk= 0.67*fyk                                                                                                (5) 
M=As*fyd’*z=0.67*As*fyd*0.9*d=0.67*10.26*5000*0.9*45=13920.5 daN*m                             (6) 
M after fire=139.21KN*m   
 
3.3.3. Suggestion and techniques for strengthening with composites. 
 
There are mainly three types of fibers that are used for strengthening civil engineering 
structures, namely glass, aramid and carbon fibers. It should be recognized that the physical and 
mechanical properties can vary greatly for a given type of fiber as well of course the different 
fiber types. 
Advanced composites as strengthening materials consist of a large number of small, continuous, 
directional zed, non-metallic fibers with advanced characteristics, bundled in a resin or 
inorganic matrix. Depending on the type of fiber they are referred to as CFRP (carbon fiber 
based), GFRP (glass fiber based) or AFRP (aramid fiber based); when different types of fibers 
are used, the material is called “hybrid”. 
Typical commercial products where composite materials of the fiber-reinforced polymer 
type (FRP) in the form of prefabricated strips have the properties given in Table 2 

 
Table 2. Properties of typical commercial products of composite materials 

Material Elastic modulus Tensile strength 
Ff (MPa) 

Ultimate tensile 
Strain fu (%) 

Prefabricated strips 
 Low modulus CFRP strips 
  High modulus CFRP strips 

 
170 
300 

 
2800 
1300 

 
1.6 
0.5 

 
There are two main technics for strengthening, used in civil engineering: basic technique and 
special techniques. The basic composite material strengthening technique, which is most widely 
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applied, involves the manual application of either wet lay-up (so-called hand lay-up) or 
prefabricated systems by means of cold cured adhesive bonding. This is the so-called classical 
FRP strengthening technique. Common in this technique is that the external reinforcement is 
bonded onto the concrete surface with the fibres as parallel as practically possible to the 
direction of principal tensile stresses. Besides the basic technique, several special techniques 
have been developed, such as automated wrapping, prestressed FRP, Fusion-bonded pin-loaded 
straps, prefabricated shapes, near-surface mounted reinforcement, application of textile-
reinforced mortar (TRM) jacketing, mechanically fastened FRP etc. 

4. CONCLUSION 

Hight temperature on the damage zones of structure had changed physical and mechanical 
characteristic of the concrete and steel.  Re‐rating factor for resistance of steel is 
ks(θ=500𝐶)=0.77 and for concert is kc(θ=500𝐶)=0.75.  It is important to measure that 
kc(θ)=0.75 coefficient is only for the protective layer of concert because even damaged concrete 
acts as a thermal shield that protects the load‐bearing core from the full effect of the high 
temperatures. The significant drop in the rigidity of concrete at high temperatures has relatively 
little influence on the rigidity of compressed elements in concrete as only the first few 
centimeters from the surface are affected. So as conclusion the structural damage of fire in our 
case effect only the resistance of steel 
During investigation on the site, we have emphasized the fact that structural damage of the 
building is at level -2. As conclusion to make the reinforcement we should at least to consider 
the bending moment from external force to be equal to the capacity of bending moment before 
the fire. For this reason we must consider Med=Mbefore,fire=180.75KN*m, in addition to this we 
must taking in consideration that the actual design strength of tension for steel is f yd’=0.67fyk 
Fire compartment and REI material which have been used at the building had a high effective 
role especially at technical room at level -1, which had stopped the fire from spreading to other 
area at this floor. 
For strengthening of the structure we could use CFRP, given in the table above (tab.2), by taking 
in consideration their type and characteristic of material and the technology of application.   
Because of the fire, a quarter of the hospital was without electricity, the department of 
hemodynamic and main urgency was almost out of service, and the air ventilation of wall the 
building was without power supply. 
If the fire had lasted longer the situation would have been more tragical, because of the layer of 
Igloo under the floor of level -1, that risked going on fire. 
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The Safety impact of structural construction can have safety effects on the stability, reliability, 
and functionality of the building. However, during the construction, these effects impact may 
also be on workers, residents, and visitors, including risks of accidents, injuries, and property 
damage if proper safety measures are not implemented. During the execution process of 
structures, especially in the case of reinforced concrete structures, avoiding the possibility of 
deviations both in geometric aspects and in materials is challenging.  As a result of this issue, 
this paper addresses the topic of geometric deviations and material resistance during 
execution. Approaching the theoretical analysis of some of the defects that appeared in 
structures during construction and the wide range of additional effects that arise, as well as the 
preparatory steps for covering defects such as partial safety coefficients and the treatment of 
accidental eccentricity which are assumed at a percentage scale in the design phases, and the 
direct relationship of these factors will be shown to demonstrate how these defects affect the 
structure's response. The calculation of reinforced concrete structures based on structural 
standards allows for a limited percentage of deviations due to construction, which should not 
exceed these limits so that the structure's reactions to horizontal actions such as earthquakes, 
dead loads, and live loads do not exceed the values anticipated in the design stage. These effects 
are analyzed in the paper. Additionally, the effects of bending of structural elements influenced 
by axial compression forces are part of the treatment for the additional effects.  The results of 
internal forces and bending moments from the designed plans are compared with the actual 
calculated values of forces and bending moments of the structure or their elements to assess 
geometric deviations and deviations in the concrete strength of structural elements, as well as 
the risks posed by these elements.  
 

Key words: Geometrical deviation, Material quality, partial safety coefficient, additional 
inner forces. 
 

1. INTRODUCTION  

Recently, considering the continuous increase in population density, there has been a significant 
increase in the need for designing and constructing taller structures. Given the considerable 
heights and current construction techniques, it has been observed that during the realization of 
reinforced concrete structures, we may encounter local and global deviations in the st ructures. 
As a result of these deviations, efforts have been made to also consider additional influences 
resulting from these possible deviations. These additional influences have been termed second-
order effects. 
Second-order effects involve analysing a structure based on its deformed geometry. This type 
of analysis recognizes the deformation in a structure due to an externally applied load and 
determines its effect on the internal forces created by it. For smaller structures and buildings of 
lower importance, second-order effects may not be considered. However, for taller structures, 
this effect can reduce the load-bearing capacity of each element, particularly their bending 
moments, leading to continuous deformation in elements or even structural collapse in local or 
global parts. For taller buildings, considering these effects can play a crucial role in structural 
design and particular attention should be given to execution to ensure that these deviations do 
not exceed the projected values. 



 

76 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

Second-order effects are a problem that is receiving significant attention in civil engineering, 
where not all structural design codes address this issue in the same way. Assumptions, 
simplifications, and approaches vary, as each country has its own unique way of addressing 
engineering problems. 
Given that during design we use different codes depending on the country where the structure 
will be executed, and we use different assumptions for deviations depending on the code, it was 
deemed necessary to analyse a reinforced concrete structure calculated or designed and compare 
it with the real state as executed, and evaluate whether the deviations and material resistances 
assumed during design will be similar to those of the executed state. The structure is designed 
based on European standards and is implemented by engineers, following and respecting the 
design to the fullest extent. However, after measurements of several elements (columns) in the 
building floors by geodesists, some vertical deviations are evident, and we also address them to 
achieve the concrete casing. 
For the actual calculation of the load-bearing capacity of structural elements such as the column 
in this case, the real measured strength of the concrete casted in these elements is used (cubic 
samples taken during the concrete pouring of the elements, tests using the Schmidt hammer, 
and core samples) to observe the behaviour and the actual current capacity of the elements.  
The objective of this work is to analyze the existing structure and compare it with the values 
obtained from their design. Taking into account the real strength of the concrete and the actual 
measurements of the geodetic data, especially the theory of second-order effects in real time, 
the aim is to assess the actual situation of the structure and analyse the potential resistance or 
risk of the structure. 

2. THEORETICAL ASPECTS OF ANALYSIS  

When the structural member is load to axial forces and bending moments, it deforms or deflects. 
So, when the element deviates or creates an eccentricity from the designed axis, additional 
bending moments occur in certain elements of the structure due to the interaction of axial force 
and eccentricity gained. Depending on the dimensions of the element, these influences can play 
a significant role in structural design. These additional effects are called second-order effects. 
In general, structural design codes assume that second-order effects may be neglected if they 
represent less than 10% of the first-order moment. However, this rule is not practical for the 
structural designer, as it requires calculating additional influences to determine if they are 
negligible. For this reason, regulations have developed simplified methods to verify if these 
effects are indeed a problem that needs to be considered. 
In case second-order effects cannot be neglected, then a nonlinear analysis needs to be 
performed. This type of analysis should take into account the geometric and physical 
nonlinearities of the structural elements.  
It is important to emphasize that there are two distinguishable types of second-order effects:  
- Global effects (or P-Δ effects) affect the entire structure and occur in structures that exhibit 

significant horizontal displacements when subjected to vertical and horizontal loads. These 
types of structures are called flexible structures.  

- Local effects (or P-δ effects) affect individual elements that undergo significant 
displacements when subjected to axial loads, regardless of what happens to the structure as 
a whole. Here, the moment-curvature diagram follows a nonlinear behavior, unlike what 
happens with the first-order moment. 
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Figure 1. The way of columns deviation: (a) Effect P-Δ (entire structure); (b) Effect P-δ (Single 

Column) (Narayanan and Beeby, 2005). 

The P-Delta method is an iterative approach that allows the calculation of global second-order 
effects by introducing fictitious horizontal (binary) forces that induce an equivalent effect to 
second-order moments. Here, the nonlinear analysis is replaced by as many linear analyses as 
needed for convergence, considering a predefined tolerance. 

  
Figure 2. Method P-Delta: a) for the single column and b) for Frame structure (Longo, 2017) 

For the Single Column  

For the theoretical analysing of the single columns, it has to approve the several verification 
steppes: 
- The displacements taken for the every floor, ai from the linear analysis of structure, 
- The computation of the relative displacements in evry floor, ∆𝑎𝑖 = 𝑎𝑖 − 𝑎𝑖+1, 
- The computation of the horisontal – shear force, 𝐻𝑖 = 𝑁𝑖

∆𝑎𝑖

ℎ𝑖
,  

- For the cross section, the fictive shear force are, 𝐻𝑖
∗ = 𝐻𝑖 − 𝐻𝑖−1, those shear force are 

added to the main shear force of 𝐹𝑖, where are 𝐹∗ = 𝐹𝑖 − 𝐻𝑖
∗, 

- To the next step it has to be computed the horisontal displacement iniciated from the 
additional shear force. This computation method has to converge. 
 For the entire structure 

For the frame structure, the computation method is more or less same and the shear force are:  
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 𝐻𝑖 = ∑ 𝑁𝑗 ,𝑖
∆𝑎𝑖

ℎ𝑖
→ 𝐻𝑖

∗ = 𝐻𝑖 − 𝐻𝑖−1 = ∑ 𝑁𝑗,𝑖
∆𝑎𝑖

ℎ𝑖
− ∑ 𝑁𝑗,𝑖 − 1

∆𝑎𝑖−1

ℎ𝑖−1
 (1) 

Where: Σ𝑁𝑗,𝑖 is summary of the vertical load in floor i and above. 

3. IMPERFECTIONS IN STRUCTURES  

The different imperfections must take in consideration for the structural analysis as are: 
- Geometrical imperfections,  
- Material imperfections, and 
- Structural imperfections. 

3.1.The geometrical imperfections  

Geometrical structural imperfection refers to deviations or irregularities from the intended 
geometric shape or alignment in structural elements. These imperfections can arise from various 
factors such as fabrication tolerances, construction errors, or deformations under load. They 
may include deviations in dimensions, curvature, alignment, or orientation of structural 
members relative to their intended positions or shapes. These imperfections can affect the 
behavior and performance of the structure, especially under load, and are important 
considerations in structural analysis and design.  

3.2.The material imperefection 

Material structural imperfection refers to irregularities or flaws inherent in the material itself 
that may affect its mechanical properties or structural behavior. These imperfections can occur 
during the manufacturing process, such as inclusions, voids, cracks, or variations in material 
composition. Additionally, material imperfections can result from environmental factors, such 
as corrosion or degradation over time.  
In structural engineering, understanding and accounting for material imperfections are crucial 
for ensuring the safety and reliability of structures. Various testing and inspection methods are 
employed to detect and assess material imperfections, allowing engineers to make informed 
decisions during the design, construction, and maintenance phases of a structure. 

3.3. The structural imperfections 

In structural engineering, imperfections can manifest in different forms, including geometric 
irregularities (such as variations in dimensions, out-of-plumbness, or out-of-straightness), 
material inhomogeneities (such as voids, cracks, or material property variations), or boundary 
conditions (such as support settlements or restraints).  
EN 1992-1-1 has a series of provisions regarding this, which affect the design of the structure 
as a whole, certain slender elements, and elements that transfer forces to the supporting 
members.  
For design according to ULS (Ultimate Limit State), these imperfections must be taken into 
account, as they will lead to additional effects affecting the forces on the elements. The methods 
for calculating these actions vary from code to code. 

The geometrical imperfection it may consider as a global - entire structure and the local – simple 
members of structure. The imperfection may represent from the initial angle off deformation,  

 𝜃𝑖 = 𝜃0 · 𝜃ℎ · 𝜃𝑚 (2) 

Where:  
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𝜃𝑖  – initial base value 
𝛼ℎ – reduction factor for the length or hight  
 αh = 2/√l;   2/3 ≤ αh ≤ 1 (3) 
𝛼𝑚 – reduction factor for the number of members  
 αm = √0.5(1 + 1/m)  (4) 
l – length or light [m], 
m – number of vertical members effects on the total imperfection. 
Notice: The value of 𝜃0  is taken from the national annexes, however the recommendation values 

are l/200. 
In the expression above the values for the l and m depends from three different cases shown in 
Figure 3. 
- The isolated element, effects; l= real length of the member, m=1. 
- Bearing member, effects; l=Hight of building, m= number of the vertical members 

contributing on the shear force of bearing system. 
- Shear wall, effects; l=Hight of the floor, m=number of the member on the floor contributing 

on the shear base force.  
 
 
 
 
 

 
Figure 3. The types of the geometrical imperfections (EC 1992-1-1:2004 (E)). 

 
For the single members, the effects of the imperfection may take in consideration in the two-
alternative solution: 

a. As eccentricity of ei given in EC 1992-1-1:2004 
 ei = 𝜃𝑖 · 𝑙0/2 (5) 
Where: l0 is the effective length of the column. 
For the shear wall and the single columns, the 𝑒𝑖  = 𝑙0/400 value may use as simplify, 
corresponding with 𝛼ℎ  = 1. 

b. As shear force, 𝐻𝑖 in position of producing the maximum bending moment: 
For the fixed members; Figure, a1 𝐻𝑖 = 𝜃𝑖  𝑁 
For the fixed members; Figure, a2 𝐻𝑖 = 2𝜃𝑖  𝑁 

Where the N is axial load. 
Notice: The eccentricity is suitable for statically determinate elements, while the lateral load 
can be used for both statically determinate and indeterminate elements. The force Hi can be 
replaced by some other equivalent lateral action. For structures, the effect of skewness θi can 
be represented by transverse forces, to be included in the analysis along with other actions. 
The effect on the bearing system, Figure b. 
 Hi = θi ⋅ (Nb - Na) 
The effect of the shear wall, Figure 3c1. 
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 Hi = θi⋅ (Nb + Na)/2 
The effect on the roof shear wall, Figure 3c2 
 Hi = θi⋅ Na 

Where, Na and Nb are incline force contributing in the Hi. 
As a simplified alternative for walls and single columns in structural systems, an eccentricity 
e_i = l_0/400 can be used to account for imperfections related to normal execution deviations. 

4. THE ANALYSED STRUCTURE, STUDY CASE  

The existing structure under analysis is a dual frame system with vertical elements such as 
columns and seismic walls with these floor levels: 4UG+B+23. The structure was constructed 
in September 2022. During construction, the materials used in this structure (concrete strength 
and reinforcement) were monitored and analysed through various types of tests (cubic samples 
directly from concrete casting on-site, Schmidt hammer tests, and samples taken from elements 
- cores). The data extracted from these samples assist in analysing material imperfections. For 
proper analysis of the structure's quality, especially regarding the verticality of columns and 
walls, data were obtained from inclinometers, which aid in analysing the geometric 
imperfections of the columns.  

Figure 4. The Analysed Structure, 3D 
 

4.1. A short description of the constructed structure. 

All construction floors - slabs are made of reinforced concrete with a constant thickness of 20cm 
supported in both directions by beams. The beams have different cross-section depending on 
their position (60/60 and 60/45). The columns have different cross-section, and their shapes are 
rectangular. The design of the structure ensures that all columns meet the ductility class 
requirement – medium. The shear walls are placed at the base of the building in such a way that 
the centre of mass and stiffness are equal (to prevent torsion of the building). Additionally,  the 
shear walls are designed with various dimensions to meet the requirements regarding the 
medium ductility class achievement. The foundation of the building is reinforced concrete slab 
type with varying depths (180cm and 300cm). The structural design is based on Eurocode 
standards for structures, especially for reinforced concrete structures in seismic zones.  
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4.2. The analyzed representative structural members chosen. 

The entire structure consists of linear and surface members. The linear members include 
columns, beams, while the surface elements consist of slabs (concrete slabs) and vertical walls 
(seismic walls). For this work, linear structural elements such as columns have been analysed. 
The characteristic floors contain 28 main columns, and the entire structure has 686 columns 
interconnected with other structural elements. The selected representative element for analysis 
is based on the maximum vertical deviation (geometric imperfection), where this column 
element had achieved a smaller compressive strength than the designed one (material 
imperfection), taking into account the level and position of the element as well. The selection 
of columns is based on their significant impact on both geometric and material imperfections, 
reducing internal forces and increasing bending moment. All analyses are performed based on 
Eurocodes for constructions, specifically all standards related to reinforced concrete 
construction, particularly for the type of dual vertical system structures (Columns and Walls).  

4.3.Real measurements taken 

All geometric measurements taken in the field represent data on the assessment of the verticality 
and horizontality of structural components (Columns, walls, and slabs), as well as data on the 
compressive strength measurements of the concrete in these structural elements. 

 
 
 

 
 
 
 
 
 

Figure 5. Columns geometrical deviations during their construction 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Comparation of the results from the design values taken and the constructed 
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M (bending moment) kN·m 2551,8 3022,5 1449,13 1875,3 613,66 1392,5
T (shear) kN 168,19 168,19 224,5 224,5 359,23 359,23
N (axial) kN 7706,07 7706,07 7432,21 7432,21 3239,03 3239,03

Concrete grade Mpa C40/50 C30/37 C35/45 C30/37 C35/45 C25/30
reinforcement grade Mpa B500B B500B B500B B500B B500B B500B

Real length      (l) m 6 6 3,575 3,575 3,50 3,5
Slenderness lentgth (lo) m 21,78 21,18 15,94 15,73 20,7 19,77
Ratio of thickness  (λ) - 88,76 86,31 73,81 72,82 95,6 91,55
limited thickness  (λlim) - 25,23 21 28,13 33,22 53,63 57,55
Local geometrical 
imperfection    (ei)

m 0,025 0,036 0,019 0,016 0,025 0,021

Second order 
eccentricity   (e2) 

m 0,26 0,31 0,125 0,186 0,29 0,31

Supposed local 
geometrical imperfection  
(eo)

m 0,0283 0,0283 0,025 0,025 0,025 0,025

Aproved reinforcement 
area (Asl,prov) mm² 9812,5 9812,5 8705,65 8705,65 7598,8 7598,8

Requaried reinforced 
area  (Asl,req) mm² 5202 12727,5 5325,5 11826 3937,5 5748,75

Strength of 
materials

Slendernes 
of the 

structural 
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Description

Statical 
values

Compared results from the design computation and the construted
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Column 6 (POS SH_6)

 

 
 
 
 
 
 
 
 
 
 

Figure 6. the additional values of the bending moments. 

Table 2. Results comparation of the real insitu capacity with the designed for the representative 
columns chosen. 

Concrete grade Mpa
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used grade Mpa

Real Bending Moment 
from computation
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Moment
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Moment

Real Bending 
Moment from 
computation

Resistant Bending 
Moment
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values
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Values 
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1712.52/1392.50=1.230
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4.4.Recommendations  

Based on the above analyses of the constructed structural members with defects during 
their construction and comparing the results with the design - calculated model of the 
construction, particularly the columns, also taking into account the quality of the cast -in-
place concrete, which has lower values than the designed one, it is noted that some of the 
columns in the building do not meet the required capacity. In the entire structure, 11 
columns have been reinforced. 

5. CONCLUSION 

The advice for engineers is that during the construction phase of reinforced concrete 
structures, special attention should be paid to the verticality of columns and walls and the 
concrete grade of structural elements. Overcoming opposing moments occurs due to the 
increase in the values of bending moments and internal forces, while at the same time 
reducing the load-bearing capacity of the element's bending. When the quality of the 
concrete fails from the designed one and is combined with eccentricity as a result of 
improper construction, then the value of the load-bearing capacity of the structural elements 
falls below the required values. 
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Assessing the Seismic Performance of a Communist-Era Albanian 
Residential Building Using Nonlinear Static and Dynamic Analyses  

Marsed Leti, Gledis Shuaipi, Joana Biba 
Department of Civil Engineering, Faculty of Architecture and Engineering, EPOKA University, Tirana, Albania 

In this study it is presented the seismic performance assessment of a 5-story premodern 
reinforced concrete building using static and dynamic nonlinear analyses procedures. The 
building was designed as a template model during the communism period in Albania to save 
architectural fees and build throughout the country. The current condition of these buildings is 
at a critical level due to many deficiencies. The investigations after the November 26, 2019 
earthquake in Albania has shown that the aging of concrete, poor workmanship, corrosion of 
longitudinal bars, insufficient confinement reinforcement were among the main reason of the 
severely damages observed from this typology. In this study the mathematical model it is 
prepared in the Zeus-NL package, a powerful software capable of running enormous number 
of analyses almost effortlessly. The capacity curve of the building is assessed using static 
nonlinear analysis (Pushover) following Uniform, Inverted Triangular and Modal shape pattern 
in both orthogonal directions. Additionally, the demand calculations are performed using a 
group of 10 ground motion records for the utilization of the time history analyses. The limit 
states are defined as immediate occupancy (IO), life safety (LS) and collapse prevention (CP)  
following modern guidelines. The evaluation of the structural performance is achieved by 
monitoring the base shear ratio and the global drift ratio. Furthermore, the comparison of the 
lateral loading patterns for the pushover analysis effects on the capacity curve is derived in the 
end of the study. 
 
Keywords: Pushover Analysis; Time History Analysis; 5-story RC Building Typology; Seismic 
Performance Assessment;  

1. INTRODUCTION 

Earthquakes are natural disaster that often are accompanied with loss of life and destruction of 
infrastructure. For the past 3 years several significant earthquakes have stuck different regions 
over the world, having a great impact impacting not only the country where the epicenter is 
located but also causing widespread destruction in surrounding areas. During the period 
November 2019 and February 2023, several significant earthquakes occurred with devastating 
consequences. Indonesia unfortunately is a meeting point of several tectonic plates, leading to 
several earthquakes structing the country several within short periods of time. The most recent 
one took place on 21 November 2022 with a magnitude of 5.6 Richter, resulting in more than 
335 confirmed deaths caused by collapsed buildings [1]. 

 
In February 2023, one of the most powerful recent earthquakes in Europe occurred in Turkey 
and Syria. Their territorial border was struck by a sequence of earthquakes, including 
magnitudes of 7.8 and 7.5, respectively. The earthquake doublet and their aftershocks had led 
to confirmed deaths of more than 50 000 in Turkey and 7 200 in Syria [2]. 
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Figure 1: Consequences from devastating earthquakes in Indonesia (a), in Albania (b) and Turkey (c) 

 
Albania as well experienced a devastating earthquake on 26 th of November 2019 causing at 
least 21 deaths and 600 injuries, with significant damage along the Adriatic coastline and in 
Tirana [3]. The devastating phenomena of these earthquakes are illustrated in figure 1 as 
shown. 

 

2. 1982’s TEMPLATE BUILDING 
2.1.Description of the building 

The building selected for this study was designed using premodern code as a residential 
building in Albania. The plan details are ensured from the technical archive of Tirana, Albania. 
The building is a 5-story, symmetrical, reinforcement concrete designed without shear walls in 
any of its directions. 

 
Figure 2: Plan layout of the template building 

The story height is 2.8 m resulting in an overall building height of 14 m. In its longitudinal 
direction it is composed of three bays and in the transverse one by four columns as shown in 
figure 2. The overall plan area reaches about 252 m2. 
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2.2.Materials and Section properties 

The material and section properties for the template building selected in this study are 
determined based on the blueprint data. The concrete class specified in the plan details is given 
as M-200 known as “Marka 200” from the Albanian terminology. This is recognized as 
Concrete class C16/20 [4]. The reinforcement is used from the steel type Ç3 which corresponds 
to tensile strength of fck=250 MPa and elastic modulus E=210 GPa [4]. 

The template building is prepared as a moment resisting frame composed of no shear walls in 
any of its directions. The typical beam and columns cross-sections are provided in figure 3. 

 
Figure 3: Typical column (left) and beam (right) cross-sections used in the 1982’s Template Building 

 

3. MODELLING STAGE 

The seismic global performance of the selected building in this study is evaluated using 
nonlinear analyses procedures performed by Zeus-NL platform [4]. Zeus-NL is a finite element 
software developed with a strong background especially for earthquake engineering 
applications [4, 5]. The template building is modelled by representative frames in x- and y- 
direction as shown in figure 4. The structural elements are modelled using a cubic elasto-plastic 
type 3D element to model beams and columns. 

 
The bilinear elasto-plastic material model with kinematic strain hardening (stl1) was used for 
the steel reinforcement, while the uniaxial constant confinement concrete material model 
(conc2) was used for the concrete material which are integrated in the software library [6]. Once 
the analytical model is ready, the analyses can be performed under various static and dynamic 
loading applications. 
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Figure 4: Representative frames used for the mathematical model, x-direction right and y direction 

left 

 

4. STATIC AND DYNAMIC NONLINEAR ANALYSES 

4.1. Modal analysis 

After the preparation of the mathematical model in ZeusNL software, the modal analysis can 
be performed under the effect of the lumped masses assigned based on the dead load and live 
load calculations. Zeus-NL platform uses Lanczos algorithm [6] for the evaluation of the 
structural natural frequencies and mode shapes. 

 
4.2. Static Pushover Analysis (SPO) 

The capacity of the building is estimated using the nonlinear static analysis, also known as 
static pushover (SPO).  

 

Figure 5: a) Uniform, b) Triangular and c) Modal lateral load patterns 

The application of the SPO in Zeus-NL is done using both orthogonal directions. The final 
results gathered from the analyses are plotted in graph as the base shear ratio in y- and global 
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drift ratio in drift in x- direction respectively. Furthermore, in this study there are used three 
different lateral loading patterns while performing the pushover analyses. This is done to depict 
the differences in the capacity of the building under uniform, inverted triangular and mode 
loading pattern as shown in figure 5. 

4.3. Time History Analysis (TH) 

The non-linear dynamic time history analyses were performed using a set of ten real ground 
motion records. The records were selected from different peak ground acceleration values as 
shown in the Table 1. Ground motion records were taken from the Pacific Earthquake 
Engineering Research Center (PEER) [7] and from the U.S Geological Survey (USGS) [8]. 
The accelerograms are presented in Appendix A. Each frame is subjected to ten dynamic time 
history analyses. The obtained results are selected as maximum base shear and maximum 
global drift. 

Table 2. Ten ground motion records used for this study 

No Event Year Station Ø° Soil M R (km) PGA (g) 
1 Northridge 1994 LA, Baldwin Hills  90 B 6.7 31.3 0.239 
2 San Fernando 1971 LA, Hollywood Stor. Lot  90 C,D 6.6 21.2 0.210 
3 Tabas 1978 Iran, Dayhook 280 B 7.4 20.6 3.500 
4 Loma Prieta 1989 WAHO    0 D 6.9 16.9 0.370 
5 Loma Prieta 1989 WAHO    90 D 6.9 16.9 0.638 
6 Imperial Valley 1979 Chihuahua    282 C,D 6.5 28.7 0.254 
7 Corinth 1981 Greece, Corinth 0 C 6.6 19.9 0.264 
8 Loma Prieta 1989 Coyote Lake Dam Downstream 285 B,D 6.9 22.3 0.179 
9 Friuli 1976 Italy, Tolmezo 270 B 6.5 20.2 0.345 
10 Loma Prieta 1989 Hollister South & Pine 0 D 6.9 28.8 0.371 

Ø° Component, Soil USGS Geomatrix soil class, M moment magnitude, R closest distance to fault rupture 

5. RESULTS 

The modal analysis applied in the environment of Zeus-NL software of the template building 
provides the deformed shape for each of the modes. Consequently, figure 6 shows the period 
of the structure and the dominated shapes in x- and y- frames of the building. 

 
Figure 6. Deformed shape of the x (left) and y (right) frames from the modal analysis 
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Despite the strong background in running advanced analyses almost effortlessly, Zeus-NL 
lacks its user interface. For instance, the user must define the loading patters in the pushover 
analysis manually for each of the story nodes. Hence, the modal loading pattern is extracted 
from the deformed shape of the first mode in both orthogonal frames and applied as a loading 
shape laterally in the software. Simultaneously, the uniform and inverted triangular patterns 
are utilized. 

Once the analyses are performed, the capacity of the building is estimated by the help of 
pushover results which are represented in x-axis by the global drift ratio and in y-axis with base 
shear ratio. The SPO curves for both directions of the building are shown in figure 7 and 8. 

 
Figure 7. Capacity vs Demand with limit states in X-direction 

As shown from the figures, the pushover curves with modal and triangular lateral loading 
pattern show very good correlation of the building capacity results. Nevertheless, the curve 
plotted from the uniform loading pattern indicates discrepancies from the other two curves thus 
overestimating the structural load bearing capacity. Similar results have been mentioned before 
by several researchers [9]. 

 
Additionally, the demand calculation of the building is done by the help of non-linear dynamic 
time-history analysis (TH). The time history data gathered from the software output, are 
adopted in the same graph with pushover curve to compare both results as shown in figures 7 
and 8. Each of the time history results represents one earthquake circled and labeled in numbers 
which corresponds to the index provided in table 1. 



 

90 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

 
Figure 8: Capacity vs Demand with limit states in Y-direction 

As demonstrated by the graph, the majority of the earthquakes exceed the base shear capacity 
of the selected building especially when considering the triangular or modal SPO curves. On 
the other hand, the uniform pattern, underestimates the demand of a few earthquakes. 

FEMA 356 offers guidelines for assessing structural performance, particularly regarding drift 
values [9]. For properly designed structures under seismic loads, such as special moment 
frames (SMF), recommended drift values are 1% for immediate occupancy (IO), 2% for life 
safety (LS), and 4% for collapse prevention (CP) levels. It has been proposed that for 
intermediate moment frames, drift limits should be reduced to 0.5% for the IO performance 
level, 1% for LS, and 2% for CP performance levels [10, 11]. 

Further to the limit states, the building shows poor seismic performance. As illustrated by the 
boundaries of IO, LS and CP, most the of earthquakes violate these performance points 
showing higher global drift values. On the other hand, earthquake number 10 (“Loma Prieta, 
1989, Hollister South & Pine”) surpasses the majority of the drift demands from other 
earthquakes. This may happen due to the inherent characteristics of the accelerogram [9]. 

 

6. CONCLUSIONS 

In this study there are applied three analyses to get sufficient data for the global seismic 
performance evaluation of a premodern reinforced concrete template building designed with 
no modern seismic code provisions. 

 
The uniform load pattern while applying the pushover curve overestimates the lateral load 
bearing capacity of the building while the triangular one shows good correlation with modal 
pattern. Therefore, when compared with uniform pattern, the inverted triangular load shape 
shows more realistic results associated with the modal type. The demand calculations is 
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performed by means of Time History analyses using a set of ten earthquake records. The global 
drift values monitored in the roof of the building model are plotted in the same graph with 
pushover curves for structural performance evaluation. Furthermore, the immediate occupancy 
IO, life safety LS and collapse prevention CP limit states are defined based on FEMA 
guidelines and additional studies. 

 
The template building designed with premodern codes in Albania, shows very poor seismic 
performance. Almost all earthquakes violate the IO and LS performance points. 
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A Practical Guide to Incremental Dynamic Analysis for a Premodern 
Reinforced Concrete Building Template in Albania  

Marsed Leti, Gerta Isufaj 
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The current study presents a methodology on the implementation of the Incremental Dynamic 
Analysis (IDA) on a premodern 5-stories reinforced concrete residential building. The building 
selected was designed and build during the communism period of Albania following no seismic 
guidelines. The mathematical model is prepared in the environments of Zeus-NL software, 
specifically designed for applications in earthquake engineering. For the utilization of the IDA, 
it is used a suite of 20 ground motion records showing no marks of directivity. The results of 
each analysis gathered from the software are further processed using the stepping algorithm to 
plot the IDA curve. For the intensity measure (IM) the 5% damped first mode spectral 
acceleration, Sa(T1,5%) is selected, while the damage measure (DM) is represented in the plots 
by the maximum global drift ratio, ϴmax. The limit states are defined based on modern 
guidelines and former studies. On each of the IDA curves, the immediate occupancy (IO), 
collapse prevention (CP) and global instability (GI) performance points are presented. Beyond 
the interpretation of the structural performance based on the limit states, the generation of 
fractiles shows potential information at about any IM or DM step. Hence, the IDA fractiles are 
prepared into 16%, 50% (IDA median) and 84% as suggested in literature. Finally, the global 
seismic performance of the considered building will be interpreted based on the hundreds of 
nonlinear dynamic analyses under the IDA procedure. 
 
Keywords: Incremental Dynamic Analysis; Zeus-NL; Premodern RC Building Typology; 
Seismic Performance Assessment.  

1. INTRODUCTION 

This paper undertakes a focused examination aimed at evaluating the seismic performance of 
a 5-story reinforced concrete building, typical of the design template commonly constructed in 
Albania during the 1980’s. The seismic vulnerability of buildings util ized during that era 
presents a significant concern, arising from a combination of factors including outdated 
building codes and a lack of strict seismic regulations. Albania, like many regions with a history 
of seismic activity, has a significant portion of its population residing in structures erected 
between 1970 and 1990 [1]. Consequently, these buildings are particularly exposed to the 
devastating impacts of earthquakes, posing significant risks to the safety and well -being of 
inhabitants. 

 
Ensuring the longevity and structural integrity of these aging constructions necessitates a 
thorough assessment of their seismic parameters. However, the evaluation of structural 
performance has always been a challenging task. Traditional nonlinear analysis methodologies, 
while useful, may lack the precision required to accurately assess the seismic fragility of these 
structures. In response to this challenge, our study introduces a modern analysis methodology 
known as Incremental Dynamic Analysis (IDA) [2]. IDA is expected to offer enhanced 
accuracy in seismic fragility assessment compared to traditional nonlinear approaches. The 
methodology employed in this paper involves the step-by-step definition of limit states using 
the state-of-the-art IDA approach, covering a diverse range of ground motion records. From 
capturing elastic behaviour to exploring potential structural instability or collapse, the analyses 
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progress methodically to offer a comprehensive understanding of the seismic fragility of the 
chosen structure. 

 

2. BUILDING MODEL AND GROUND MOTION SELECTION 

In this study we have selected the "Banesa tip per qytetin" template as a representative of the 
aging reinforced concrete building from Albania's communist era. Designed in 1980’s, this 
residential building template remains in active use to this day. In architectural terms, the 
building has a symmetrical layout, spanning 21.40 meters in length and 11.8 meters in width, 
divided into three bays and four frames. Standing at a total height of 14 meters, the five-story 
building features standard floor heights of 2.8 meters each, as shown in figure 1. Its structural 
framework consists of reinforced concrete moment frames without any shear walls in either 
direction.  

 
Figure 9. Plan layout of the template building 

 
To conduct the mathematical modeling of the selected building, we employed Zeus-NL 
software, using cubic elasto-plastic 3D elements to represent beams and columns [3]. The steel 
reinforcement was characterized by a bilinear elasto-plastic model with kinematic strain 
hardening (stl1), while the concrete was represented using the uniaxial constant confinement 
concrete material model (conc2). The building is modelled by the representative middle frames 
in x- and y- direction. The concrete strength specified in the blueprint corresponds to a class of 
C16/20. 
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Figure 10. Representative frames used for the mathematical model, x-direction right and y direction 

left 

 
Overall, this paper involves the analysis of two models employing one of the most advanced 
and contemporary methodologies available, Incremental Dynamic Analysis [2, 4]. To perform 
the analysis, in this study it is used a list of twenty ground motion records showing no marks 
of directivity. Existing literature recommends employing ten to twenty earthquake records to 
ensure adequate results while focusing on estimating seismic demand [5]. 
 

Table 3. Twenty ground motion records used for this study 

No Event Year Station Ø° Soil M R (km) PGA (g) 
1 Corinth 1981 Greece, Corinth 0 C 6.6 19.9 0.264 
2 Kocaeli 1999 Turkey, Duzce 180 C 7.1 1.6 0.427 
3 Erzincan 1992 Turkey, Erzincan 90 C 6.7 8.9 0.488 
4 Friuli 1976 Italy, Tolmezo 270 B 6.5 20.2 0.345 
5 Imperial Valley 1979 Chihuahua 282 C,D 6.5 28.7 0.254 
6 Imperial Valley 1979 Plaster City 45 C,D 6.5 31.7 0.042 
7 Imperial Valley 1979 Westmoreland Fire Station 90 C,D 6.5 15.1 0.074 
8 Loma Prieta 1989 Agnews State Hospital 90 C,D 6.9 28.2 0.159 
9 Loma Prieta 1989 Coyote Lake Dam Downstr. 285 B,D 6.9 22.3 0.179 
10 Loma Prieta 1989 Hollister South & Pine 0 D 6.9 28.8 0.371 
11 Loma Prieta 1989 Sunnyvale Colton Ave 270 C,D 6.9 28.8 0.207 
12 Loma Prieta 1989 WAHO 0 D 6.9 16.9 0.370 
13 Loma Prieta 1989 WAHO 90 D 6.9 16.9 0.638 
14 Northridge 1994 LA, Hollywood Storage FF 360 C,D 6.7 25.5 0.358 
15 San Fernando 1971 LA, Hollywood Stor. Lot 90 C,D 6.6 21.2 0.210 
16 San Fernando 1971 LA, Hollywood Stor. Lot 180 C,D 6.6 21.2 0.174 
17 Spitak 1988 Armenia, Gukasian 90 C 6.8 36.1 0.207 
18 Superst. Hill 1987 Wildlife Liq. Array 360 C,D 6.7 24.4 0.200 
19 Tabas 1978 Iran, Dayhook 280 B 7.4 20.6 3.500 
20 Northridge 1994 LA, Baldwin Hills 90 B 6.7 31.3 0.239 

 
These records were carefully selected to represent real earthquake scenarios [3]. The ground 
motion data are sourced from reputable institutions such as the Pacific Earthquake Engineering 
Research Centre (PEER) [4] and the U.S Geological Survey (USGS) [5]. 
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3. METHODOLOGY FOR SEISMIC VULNERABILITY ASSESSMENT 

3.1. Performing Incremental Dynamic Analysis 

Once the template building is modelled in Zeus-NL software and seismic ground motion 
records are identified, the next step involves conducting nonlinear dynamic analysis. 
Incremental Dynamic Analysis (IDA) [2], also referred to as Dynamic Pushover Analysis 
(DPO) [6], traces its origins back to 1977 with its proposal by Bertero and its subsequent 
adoption by the Federal Emergency Management Agency [7]. This method, further advanced 
by Vamvatsikos and Cornell, utilizes earthquake records to perform time history analysis by 
incrementally increasing the intensity measure [8]. The goal is to transition the structure from 
its elastic range through yielding to total collapse by scaling each record accordingly. In this 
paper, we have used the stepping method employed in ZeusNL software for its straightforward 
implementation. This entails specifying the initial intensity measure, the maximum number of 
dynamic analyses, and the preferred intensity measure step [2]. Calculation parameters include 
the scale factor, earthquake intensity measure (5% damped spectral acceleration), and the 
structural response's damage measure (maximum global drift ratio). Despite its time-intensive 
nature, Zeus-NL software streamlines the process by automating record scaling, gathering 
response parameters, and plotting dynamic pushover points. This systematic scaling process 
facilitates the exploration of the system's response across a spectrum of seismic intensities. At 
each scaling factor, crucial response parameters such as base shear – global drift are charted on 
a 2-dimensional plot, mirroring the format of static pushover curves. Users can choose 
monitoring parameters such as base shear (v) and drift (d), with horizontal forces (v i) from 
support nodes plotted against displacement or rotation differences to generate the curve [9]. 

 
3.2. Generating an IDA Curve 

To generate an IDA curve using the analysis results, users must carefully select suitable 
Intensity Measure (IM) and Damage Measure (DM) parameters. Previous research suggests 
employing the 5% damped first mode spectral acceleration, Sa (T1,5%), as the IM, coupled with 
the maximum global drift, ϴmax, for the DM when plotting IDA curves [8]. Following the 
gathering of IM and DM values from the analysis, the interpolation of the results is required. 
Interpolation is performed using a super spline function in Excel Spreadsheet. Figure 3 
illustrates the resulting IDA curve generated through interpolation. Each dot represents a scale 
factor from the incremented dynamic analysis plotted in terms of the selected IM and DM 
parameters, while the line represents the interpolation from the collected data. As it can be 
seen, the curve progresses to a "flatline" after an intensity measure of 0.45g, indicating global 
instability where the structure responds with "infinite" ϴmax. 



 

96 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

 
Figure 11. The interpolation of dynamic analyses points 

 
3.3. Determination of limit states and fractiles 

In Performance-Based Earthquake Engineering (PBEE), engineers use IDA curves to evaluate 
how buildings respond to seismic events, crucial for determining the structures' earthquake 
resilience levels [10]. Determining these levels isn't straightforward. There are three limit states 
considered in this study: Immediate Occupancy (IO) and Collapse Prevention (CP), as defined 
in FEMA guidelines [11] , along with Global Instability (GI), as suggested in prior research 
[12]. Different authors suggest Immediate Occupancy (IO) be set to 1% of Damage Measure 
(DM) for modern buildings, but reduced to 0.5% for premodern ones, as in this paper [13].  

 
Figure 12. Defining IO and CP limit states in IDA curve 

Collapse Prevention (CP) is set at the 20% tangent of the elastic slope, ranging from IO to θ max 
= 10%. In cases where multiple points satisfy this rule; we consider the last point with the 20% 
slope [12]. If multiple flatlines appear, the first one is accepted and the rest ignored as they do 
not represent reliable results. Global Instability (GI) occurs when the IDA curve softens and 
reaches the flatline. 
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Following established methodologies [14], we chose to compute the 16%, 50%, and 84% 
percentile values. Using interpolation techniques, fractile values of Intensity Measures (IM) 
and Damage Measures (DM) are combined to construct the IDA fractile curves from 20 
earthquake records given in this paper. Interpreting these fractiles simplifies the process of 
extracting essential information from demand calculations. In the same context, while each 
individual curve represents a deterministic outcome based on the structural model and ground 
motion record, incorporating probabilistic characterization becomes crucial in addressing the 
randomness associated with potential ground motion scenarios. 

4. RESULTS 

Over a hundreds of dynamic analyses which were conducted for the structural model under 
study, considering the frames in both directions. Each earthquake record contributed to the 
generation of 20 IDA curves for each frame. The graphs clearly illustrate the progression of 
the IDA curves, illustrating both softening and hardening until reaching the point of global 
instability (GI), indicated by flatlines on each curve, signifying the total collapse of the 
building. 
 

 
Figure 13: IDA Curves and Limit States for x-direction 

 
Alongside the IDA curves, limit states are plotted as Immediate Occupancy, denoted by a "+" 
sign corresponding to 0.5% of the damage measure, and Collapse Prevention, calculated 
considering either 20% of the elastic slope or 10% of the damage measure, represented by dots 
on the graphs. Once the IDA curves and limit states are prepared, it becomes more practical to 
assess the impact of each earthquake record on our building. From the graphs, it is evident that 
the x-direction model will fail within a range of approximately 0.15g to 1.3g for most 
earthquakes. However, earthquakes such as Friuli (PGA = 0.345), Loma Prieta WAHO 000 
(PGA = 0.370), and Loma Prieta WAHO 090 (PGA = 0.638) will lead to structural failure at 
later stages, corresponding to higher intensity measures. This observation is notable in both 
directions of the model. 
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Figure 14. IDA Curves and Limit States for y-direction 

 
The insights gained from summarizing the IDA curves into 16%, 50%, and 84% fractiles are 
important for seismic performance assessment. 

 

 
Figure 15. IDA Fractiles developed for x-direction 

This summarization allows for observing the structure's response at each increment of intensity 
measure, from its initial state until the complete collapse of the building. For example, as shown 
in figure 7, at an intensity measure of 0.3g, it's observed that for the model in the x-direction, 
16% of the records yield θmax ≤ 0.75%, 50% produce θmax ≤ 1.15%, and 84% result in θmax ≤ 
2.15%. Similarly, fractiles assist in gathering information on intensity measures for a target 
displacement. Thus, in the y-direction of the model, θmax = 1.0% is reached when 16% of the 
records are scaled to 0.55g, 50% at Sa(T1,5%) = 0.25g, and 84% at Sa(T1,5%) = 0.15g. 
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Figure 16. IDA Fractiles developed for y-direction 

5. CONCLUSIONS 

This paper has undertaken a comprehensive investigation into the seismic performance of a 
five-story pre-modern building situated in Albania, originally designed in 1982. This moment 
resisting frame template residential building does not have any shear wal ls and lacks proper 
design, reinforcement as well as concrete strength. The structural analysis is conducted within 
the ZeusNL software environment, employing a fiber approach modeling technique for 
nonlinear analysis. Taking advantage from the methodology of Incremental Dynamic Analysis 
(IDA), a number of analyses have been carefully conducted involving the careful selection of 
appropriate intensity measures (IM-5% damped first mode spectral acceleration) and damage 
measures (DM-maximum global drift ratio). For this purpose, a suite of 20 ground motion 
records is employed. The results are examined and processed to estimate the building's 
response under seismic loading conditions. 
Limit states are constructed on each curve, including Immediate Occupancy (IO), Collapse 
Prevention (CP), and Global Instability (GI), based on guidelines from FEMA 356. 
Furthermore, the IDA curves are summarized into 16%, 50%, and 84% fractiles. This approach 
allows for a deeper understanding of the building's behaviour in terms of probabilistic 
considerations. 
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This research study conducts a comprehensive examination of the structural behavior of 
reinforced concrete beams that utilize conventional steel reinforcement bars, framed within the 
context of European norms and standards (Eurocodes). Through an experimental approach, the 
study investigates these beams under static loading conditions, gathering experimental data on 
maximal force, displacement trajectories, crack initiation and development, and ultimate 
failure modes. Simultaneously, robust theoretical analysis is carried out using analytical 
methods and advanced finite element modeling (FEM) to simulate and assess the experimental 
findings, ensuring alignment with Eurocode principles and calculations for direct comparison 
between empirical and theoretical results. The primary objective is to critically evaluate the 
correlation between the predictions based on Eurocodes and the actual structural performance, 
with a focus on the effectiveness of conventional reinforcement practices in enhancing 
structural integrity and load-bearing capacity. The insights gained from this study are crucial 
for refining design strategies and advancing engineering practices, leveraging the latest 
advancements in experimental equipment utilized in academic and research settings. This 
research not only validates the reliability of theoretical models based on Eurocodes but also 
identifies potential areas for further improvement in the design and analysis of reinforced 
concrete structures within the European context. 
 
 
Keywords: Reinforced Concrete Beams, Experiment, Displacement, Cracks, Failure. 

1. INTRODUCTION  

Reinforced concrete beams are very important elements in structures, they enable the stability 
and durability of buildings, bridges and other engineering structures. The beams are usually 
made of reinforced concrete, therefore, they combine the property of concrete, which is 
resistance to compression stress, with the property of reinforcement, which is resistance to 
tensile stress. The importance of reinforced concrete beams lies in their ability to accept large 
loads and to resist various influences such as shear forces and bending moments, engineers and 
researchers have worked on various theories [1-2] to forecast the behaviour of RC beams under 
different load conditions. These abilities make them indispensable elements in the construction 
of engineering works, even where large spaces and high holding capacities are required. 
Reinforced concrete beams offer many advantages over other materials. They are cost -effective 
and can be molded into different shapes to meet project requirements [3]. Also, reinforced 
concrete buildings offer long-lasting durability with minimal maintenance costs. With proper 
maintenance and continuous inspection, these buildings can serve for decades. While such 
beams are used everywhere in buildings, there remains a good opportunity to understand their 
performance under different loading conditions. The research aims to address this gap by 
conducting experimental and theoretical investigations on the behaviour of these beams. In 
particular, the study seeks to analyse the load-bearing capacity, stresses and cracks in an 
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experimental form and compare them with the analytical results and simulations using the FEM 
method [4]. The research aims to provide valuable knowledge for the improvement of design 
and construction practices in civil engineering. 

2. EXPERIMENTAL PROGRAM 
2.1.General Description 

The experimental test program consists of two RC beams that were tested under four-point 
bending test, they were designed and tested to understand their structural characteristics under 
various loading conditions. The beams had dimensions of 150mm x 350mm x 3000mm. The 
reinforcement is from class B500C, whereas, the concrete used in the beams was subjected to 
compressive strength testing, with cubes cured for 28 days showing an average compressive 
strength of 42.8 MPa. The longitudinal-steel reinforcement included two layers of 
reinforcement: 3 bars with a diameter of 12mm were used in the tensile zone, and 2 bars with 
a diameter of 10mm were used in the compressive zone. The transverse-steel reinforcement 
consisted of 17 stirrups with a diameter of 8mm which were placed as shown in Figure 1. 
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Figure 17. Details of test specimens (unit: cm) 

Table 4. Geometric Characteristics of Beam Samples 

Beam 
L 
[cm] 

b 
[cm] 

h 
[cm] 

C,nom 
[cm] 

As1 
[cm2] 

As2 
[cm2] 

300 15 35 2.5 3.39 1.57 
 
 

In addressing the theoretical aspect of our investigation, Figure 2 presents a block diagram that 
describes the procedural steps followed in the analysis, whereas for addressing the Finite 
Element Method, Diana FEA [5] was used to create the model. 
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 Figure 2. Block Diagram for calculating deflection [2] 

START 

Calculate the moment, MQP, due to quasi-
permanent actions at the critical section (i.e. 

mid-span or at support for cantilever) 

Obtain concrete properties, fctm, and Ec28  

Calculate creep coefficient, ϕ(∞,t0) 

1 Calculate long term elastic modulus,  

Eeff from: Eeff=Ec28/[1+ϕ(∞,t0)] 

2 Calculate effective modulus ratio, αe from 
αe=Es/Eeff, where Es is elastic modulus for 
reinforcement (200GPa) 

3 Calculate depth to neutral axis for uncracked 
condition, xu 

4 Calculate second moment of area for 
uncracked condition, Iu Calculate cracking moment, Mcr from: 

𝑀𝑐𝑟 =
0.9𝑓𝑐𝑡𝑚 𝐼𝑢

h−𝑥𝑢

  

(Note the factor 0.9 has been introduced into this method 
because the loading sequence is not considered) 

Is Mcr>MQP? 

Section is uncracked 
 ζ=0 

Section is cracked 
 ζ=1-0.5(Mcr/MQP)2 

Calculate depth to neutral axis for 
cracked condition, xc and calculate 
second moment of area for cracked 
condition, Ic 

Calculate flexural curvature 
1

𝑟𝑛

= ζ
𝑀QP

𝐸eff𝐼c

+ (1 − ζ)
𝑀QP

𝐸eff𝐼u

 

Calculate total shrinkage strain εcs from εcs= εcd + 
εca where: 

εcd = kh εcd,0 = Drying shrinkage strain 

kh = Coefficient based on notional size 

εcd,0 = Nominal unrestrained drying shrinkage 

εca = βas(t) εca(α) = εca(α) for long-term deflection 

Calculate curvature due to shrinkage strain 1/rcs  

Calculate total curvature 
1

𝑟𝑡,QP

=
1

𝑟n

+
1

𝑟𝑐𝑠

 

 
Calculate quasi-permanent deflection from 𝛿𝑄𝑃 =

𝐾𝐿2 1

𝑟t,QP

  where is determined from bending 

moment and L is the span. 

 
Do you need to 

calculate deflection due to 
cladding and 

partitions? 

Finish 

Calculate the deflection that will occur at the time 
of application of the load due to partitions and/or 
cladding. 

1 Calculate the creep coefficient φ(t,t0), where t is 
the age when partition/cladding loads are applied 
and t0 is the age of striking. φ(t,t0)= φ(α,t0) βc 
(t,t0). For βc (t,t0), refer to Annex B of Eurocode 2. 

2 Calculate the moment due to self-weight, 
partitions/cladding and any other loads which 
have been applied prior to the installation of the 
cladding/partition, Mpar and use in place of MQP 

3 Recalculate the section properties, curvature and 
hence deflection, δpar, using φ(t,t0) or equivalent 
instead of φ(α,t0) 

4 The approximate deflection affecting cladding 
and partitions is , δ= δQP- δpar 
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2.2.Materials and preparation of beams 

Before the beams were constructed, reinforcement bars were tested in the laboratory for tensile 
strength according to EN ISO 15630-1:2019 [6]. Results can be seen in Table 2. The steps 
taken to create experimental beams encompass several key activities: mixing and preparing 
concrete from the given mix-design (refer to Table 3), constructing the reinforcement 
framework (including both longitudinal bars and stirrups), setting up and stabilizing the molds, 
and finally, casting the concrete (refer to Figure 3).  

 
Figure 3. Sequence during the construction of beams 

Table 2. Mechanical properties of the reinforcement  

 
Sample 
No. 

 
 
Diameter 
(mm) 

 
 
Length 
(mm) 

 
 
Area 
(mm2) 

 
 
Mass 
(kg) 

Tensile 
Strength    
(Rm) 
(MPa) 

Yield 
Strength 
(ReH) 
(MPa) 

Ductility 
(k=ft/fy)k 

Elasticity 
Modulus 
E     
(MPa) 

M-1 
M-2 
M-3 

7.90 431 48.99 0.17 718.2 648.2 1.110 216000 
9.90 430 76.94 0.27 692.3 553.8 1.250 213000 
11.70 434 107.5 0.37 716.7 613.1 1.170 196000 

 
Table 3. Mix-Design for Designed Concrete: C30/37;XC1;Cl 0.20;Dmax 32;S4 

Compressive 
strength 
class 

 

 
CEM II/A-
LL 42.5 R 
(kg/m3) 

 
Total water 
content 
(kg/m3) 

 
weff/c    
ratio 

 
Hiperplast 
235 LT 
(%) 

 
Limestone 
Crushed Aggregate, (kg/m3) 

C30/37  
360 

 
192 

 
0.5 

 
0.7 

0/4 4/8 8/16 16/31.5 
915 180 420 310 

 
To determine the compressive strength of concrete, a series of laboratory examinations were 
conducted on a total of 12 concrete samples in accordance with EN 12390-2 [7]. These samples 
were tested at predetermined intervals following their preparation, after 24 hours, 48 hours, 7 
days, 14 days, and finally, 28 days in compliance with EN 12390-3 [8]. The results of these 
tests are presented in Figure 4, and they are presented as mean values. Because the experiment 
was conducted after approximately 100 days, the compressive strength of concrete increased 
by approximately 10%, based on Section 3 of EN 1992-1-1 [1]. 
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Figure 4. Relationship of compressive strength with age of concrete 

 
The compressive strength of concrete at an age (t) depends on the type of cement, temperature 
and curing conditions. For a mean temperature of 20°C and curing in accordance with EN 
12390-2 the compressive strength of concrete at various ages fcm(t) may be estimated from 
Expressions (1) and (2) [1,7]. 

 
cm cc cmf (t) (t) f= β             (1) 

 
where fcm (t) is the mean compressive strength at an age of t days 

1/2

cc
28(t) exp s 1
t

    = −   
     

β            (2) 

 
The coefficient s depends on type of cement: s = 0.20 for rapid hardening cement (Class 

R), according to EN 197-1 [9]. From equation (2), βcc(100) was calculated with value of   
βcc(100)  1.1, according to equation (1) the actual resistance in compressive strength after           
t = 100 days when evaluated with above equations, reaches value of fcm=47.10 MPa.  
 
2.3.Test setup and execution 

The experimental setup for the four-point bending test of the reinforced concrete beams was 
designed to capture data on deflection and strain under loading using DAQ system from HBM 
Quantum X. The test configuration included two LVDTs positioned at mid-span to measure 
the vertical deflection of the beams, additionally, four strain gauges were installed along the 
length of the beams: two gauges were placed on the tensile zone to monitor the elongation 
under load, and two on the compression zone to measure the compression of the concrete (see 
Figure 5 to Figure 7). For precise and reliable examination, results were requested from the 
laboratory of “ProIng”, Pristina, in order to calibrate the exanimating machine–piston. The 
calibration of the hydraulic piston has been made via the equipment of "HBM Quantum X" and 
the validated force of pressure was within an accuracy of +/-0.50 kN [10]. 
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Figure 5. View of the RC beam four-point bending test layout (Static Scheme) 
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     Figure 6. Measuring sensors used in the experimental study  

 

     
Figure 7. Positioning and attachment of Strain Gauges 

3. RESULTS AND DISCUSSION 

Discussion of results is done by interpreting the data obtained from 3 sources, experiment, 
theoretical calculations and Diana FEA presented in tables and visualized in a graphical 
presentation by OriginPro [11]. From Figure 8. it can be seen that the experimental data shows 
a consistent non-linear increase in the force-deflection curve. The Diana FEA closely mirrors 
this trend at higher forces, though it significantly underestimates deflection at lower forces. 
The theoretical line overpredicts deflection up to 45 kN and then aligns with the experimental 
curve. Data from Figure 9. captures the stress in the compressive zone, where both the Diana 
FEA and theoretical predictions have an upward trend at a consistently higher rate than the 
experimental data. Stress in the tensile zone (addressed in Figure 10) shows the theoretical 
model overestimates the stress at all force levels, while the Diana FEA predictions, though 
closer to the experimental data, underestimate these values. Figure 11. illustrates the various 
phases of loading and the corresponding development of cracks under different load conditions, 
with an increment of 15kN. The crack development is also presented and drafted by CAD [12], 
and the crack development is compared with the model in Diana FEA which shows a match 
between them, but it should be noted that the crack widths and crack spacings were not 
subjected to analysis in our study. 
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Figure 8. Graphical and tabular data presentation of the diagram force-deflection in midspan 

 
 

 
Figure 9. Graphical and tabular data presentation of the diagram force-stress in compressive zone 

 
 

   
Figure 10. Graphical and tabular data presentation of the diagram force-stress in tensile zone 

 
* Results shown (experimental) in the above figures are mean values! 

Force 
(kN) 

Midspan deflection (mm) 

Experimental Theoritical Diana FEA 

15 1.36 1.40 0.28 

30 2.80 3.70 2.51 

45 4.65 5.60 4.05 

60 6.80 6.80 6.70 

75 9.00 9.50 9.08 

 90 11.92 11.30 11.18 

Force 
(kN) 

Stress in compressive zone (N/mm2) 

Experimental Theoritical Diana FEA 

15 1.40 5.27 2.11 

30 6.30 9.75 9.84 

45 12.76 14.24 14.15 

60 17.47 18.73 19.63 

75 22.36 23.22 24.81 

90 30.97 27.71 29.15 

Force 
(kN) 

Stress in tensile zone (N/mm2) 

Experimental Theoritical Diana FEA 

15 10.08 91.46 10.70 

30 102.90 169.40 149.78 

45 238.56 247.35 215.62 

60 308.98 325.30 289.71 

75 367.18 403.24 359.22 

90 450.16 481.20 429.98 
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Figure 11. Development of crack patterns in experiment and numerical model in Diana FEA [5,12] 
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4. CONCLUSIONS 

In conclusion, the comparative analysis of the beam’s response under applied forces through 
experimental, theoretical, and Diana FEA methodologies has provided valuable insights into 
the structural behaviour of the beams. For midspan deflection the theoretical calculations show 
about 8% higher values in comparison with experimental data, while Diana FEA 
underestimates the deflections by about 7%. In terms of stress in the compressive zone, the 
theoretical calculations overestimate the values, but now for about 9% in difference with Diana 
FEA which overestimates the values for 12%. For stress in the tensile zone, theoretical 
calculations have about 12% higher values than experimental data, unlike Diana FEA which 
underestimates the values by about 10%.  These findings illustrate a trend where theoretical 
calculations tend to overpredict both deflection and stress values, while Diana FEA is generally 
closer to the experimental model, it still has room for improvement, especially at lower force 
values. 
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Reliability analysis of factor of safety in retaining walls reinforced with 
geogrids or geotextiles. 

Klajdi Dyrmishi 

Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania  

Allowable stress design (ASD) and semi-probabilistic design (SPD) are two traditional design 
techniques for geosynthetic reinforced soil walls (RSW) that are used to calculate the factors 
of safety against failure mechanisms. These techniques are unable to account for every 
uncertainty. The implementation of probabilistic techniques in geotechnical engineering has 
grown dramatically in the last several years. Because there is a shortage of experience and 
literature, we have discovered that many engineers are worried about the implications of these 
advancements and how they may be confidently implemented. Our main objective is to 
describe probabilistic approaches that emphasize the basis of the methodologies as well as their 
real-world relevance to the geotechnical and geological engineering profession. The 
geotechnical world is different in many ways from the structural and mechanical world, and a 
study dealing with reliability methods from a geotechnical point of view is needed. 
Geotechnical engineers and geologists work with materials whose characteristics and 
distribution are frequently uncertain, tackling challenges where loads and resistances interact 
closely. Traditionally, the geotechnical field has addressed uncertainties in significant projects 
through an 'observational' approach, which is quite compatible with reliability-centered 
techniques. The research delves into constructing a framework aimed at ensuring the reliability 
design of (RSW) by specifically addressing uncertainties in the design process and considering 
the actual safety and reliability levels. It will explain the fundamentals of probabilistic analysis 
and design concerning both the internal and external stability limit states of RSW. The 
analytical model for the five failure mechanisms of internal and external stability are defined, 
and are used to calculate margins of safety in terms of probability of failure through 
probabilistic methods, where parameters can be set as either deterministic (with no associated 
variability) or probabilistic (with associated variability). The outcomes aim to offer a valuable 
decision-making tool for the preliminary design of RSW based on specified reliability targets. 
An example is provided to illustrate the significance of the proposed framework. Factors of 
safety and reliability work in tandem, each possessing its own strengths and weaknesses. 
Understanding both the factor of safety and the probability of failure values is more beneficial 
than solely knowing one of them. 

Keywords: Reliability analysis, Analytical model, Probability of failure (Pf), Reliability index 
(β), Coefficients of variation (COV), Probabilistic methods. 

1. INTRODUCTION 

During the design of engineering works, many approximations are made which can be grouped 
into two large groups; in approximations for the structure, in approximations for the soils. 
These approximations are dictated by real problems and their approach to known theories. The 
approximations define the differences between the procedures for performing practical 
reliability analyses. Most practical methods of reliability analysis rely on approximations, even 
if some steps are correct. In order to have as many results as possible and the possibility of 
comparison, it is important to anticipate that different methods can give different results. One 
of the assumptions we make when calculating the probability of failure from the reliability 
index is that the margin or safety factor follows a normal distribution, which is not always 
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correct. Therefore, it is advisable to compare results from multiple approaches to better 
understand possible errors in computational methods. 

The design and calculation of Walls of all types, including Reinforced walls, is necessarily 
based on the geotechnical properties of the soil. Depending on the size and importance of the 
project, the geology of the area, the geotechnical study may vary in methodology and the 
number of in-situ and laboratory tests to determine, with a certain degree of confidence, the 
properties of the soil. 

Geosynthetics are man-made products with a very high degree of confidence, since all 
properties are determined as minimum average values in traction etc, or 95% lower confidence 
limit values, due to industrial production which allows many tests to be carried out. under the 
same product under the same conditions. 

The purpose of this paper is to demonstrate that high confidence in the design of an RSW can 
be achieved even with high variability of soil parameters, as a result of the wide range of 
geotechnical parameter values. 

In this paper, the effects of uncertainties associated with geotechnical parameters are evaluated 
using advanced reliability methods for estimating failure probabilities for the respective failure 
modes. Reliability is calculated based on the stochastic nature of geotechnical parameters. 

This reliability technique offers helpful information on the degree of design performance under 
uncertainties and takes into account the stochastic nature of geotechnical and geosynthetics 
factors. A case study is provided to illustrate the efficacy of the suggested structure, the study 
is based on the high way desing of The Corridor VIII  which is one of the Pan-European 
corridors . Based on the target reliability standards, reliability index (β), the suggested 
reliability method gives the engineer a helpful tool to help them make a more accurately design 
choice. 

2. VARIABILITY OF PARAMETERS OF SOILS AND GEOSYNTHETICS 

It is recognized that each geotechnical engineer evaluating a geotechnical study will determine 
different design values based on his knowledge of the test method, location, geology, and 
operators [1]. 

According to EN 1990 (2002), the engineer must ascertain the characteristic value (Xc) of all 
materials, including soil. Xc should be defined as the 95% breakable value when a high value 
of the material or product property is unfavourable, and as the 5% breakable value when a low 
value is unfavourable. This definition is useful for artificial materials like concrete or 
geosynthetics, but it might not be applicable to soil because some characteristics can vary by 
up to 60% [5]. 

Therefore, the definition of characteristic value is modified to "a careful estimate of the value 
that affects the occurrence of the limit state" in Eurocode 7 (EN 1997-2, 2007), leaving the 
designer's decision-making to depend on the structure's category. 
 
In order to improve the definition of characteristic values, the designer must have repeated 
correlated values. As an illustration, gathering more than five samples of the soil's 
cohesiveness, density, and friction angle for which the variance is known would be necessary 
to obtain the quantity of data needed for a slope stability analysis that only takes into account 
uniform and homogenous soil, which is already a simplification. The quantity of data can only 
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occasionally, in certain circumstances (such as in the case of power plants, airports, and 
industrial zones), enable the designer to achieve a good estimate of the characteristic values 
with a very small coefficient of variation (CoV) after conducting a thorough geotechnical 
investigation. 
 

2.1.Probabilistic model of geosynthetic reinforced soil walls 
 
For deterministic RSW analysis, there are primarily three forms of stability: global, internal, 
and external stability. The overall stability of the reinforced earth wall is influenced by external 
stability, so it is important to make sure that all potential failure modes—such as sliding, 
overturning, and bearing capacity failures—are considered. 
Only the internal and external stability boundary conditions are taken into account in this study. 
 
The equations that give the difference between the resisting and active forces or moments for 
each of the modes of failure that are taken into consideration, M(x) = (R – Q), represent the 
limit state functions M(x) that can be derived to evaluate the performance of the RSW against 
each failure mode for external and internal stability. R stands for resisting forces or moments, 
and Q for active forces or moments. 
 
In this study, these boundary functions are established for the design of RSW in uniform 
granular soils with zero effective cohesion, but they can be easily extended to the case of 
cohesive soils. 

The following list of preconditions, which are based on the active and resistant forces or 
moments for each failure mode, lists the necessary steps to determine the limit state functions 
M(x). Figure 1 illustrate the schematics for each failure mode, with the assumption that all 
protection layers have a constant vertical spacing S. 

The same principles apply to any geosynthetic reinforcement, however in this framework we 
will just discuss geogrid as the reinforcing material. 

2.2. Sliding Failure 

For RSW, critical slide usually occurs along the geosynthetic reinforcement at the base, when 
the friction between the fill and the geosynthetic is insufficient to compensate for the external 
load, which causes the retaining wall to slide. The limit state function for sliding failure is:  

M ds =L ⋅ fds ⋅ tanφf ⋅ γ R ⋅ H+q − (0,5 ⋅ γ s ⋅ H2+q ⋅ H) ⋅ tan2(45−φ s /2)   (1) 
where:  
φ f , φ s  - friction angle of foundation soil and back soil, respectively (deg)  
γ R, γ s  - unit weight of reinforced soil and back soil, respectively (kN/m3)  
f ds   - direct shear factor (-)  
H   - height of wall (m)  
L   - length of reinforcement (m)  
q   - uniformly distributed surcharge (kPa). 
 

2.3. Overturning Failure 
Overturning occurs when soil behind the RSW body is large enough to offset the retaining wall 
by rotating around the lowest left key point of the wall. The limit state function for overturning 
is given by the difference of the resisting and active overturning moments about that point:  
M ot =0,5 ⋅ L ⋅ γ R ⋅ L ⋅ H +q ⋅ L −(1/6 γs ⋅ H3+0,5 ⋅ q ⋅ H 2) ⋅ tan2(45−φs/2)  (2) 
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Here all the uncertainty in the true magnitude of the load and resistance terms for the limit 
states shown above is only due to the estimation of the friction angle (φ) and unit weight (γ) of 
the soils, and the tensile strength of designed TD geogrids; however, all parameters in the limit 
state functions defined above can be considered as stochastic variables. 

The probability distribution of all parameters is assumed to be the normal distribution. 

 
 
 
 
 
 

Figure 1. Schemes of the limit states for internal and external stability of RSW:  a. sliding; b. 
overturning; c. bearing capacity; d. pullout; e. tensile failure 

 
2.4. Brief description of the project 
2.4.1.  Geographical position of the road segment 

The road segment under study has a length of 40 km and stretches along the Shkumbin River 
valley, from the roundabout of Rrogozhina to Bradashesh, at the entrance to the city of Elbasan. 
This project is part of Corridor VIII in the Western Balkans connecting with Albania. 
From a geomorphological point of view, the road passes almost entirely on the first terrace of 
the Shkumbin River and partly on its current dam. The relief is relatively flat with small 
gradients and a small slope. 

Figure 2. Plan & geomorphological view of road segment 
 

 
2.4.2.  Physical - mechanical properties of soil (geotechnical) 

The geotechnical data were extracted from the literature of geological -engineering studies 
carried out in the territory of Elbasan district, as well as cases where there were no such data 
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were taken from the literature. As it was said in the chapter on geological framing of 
lithological formations. 

In the territory of Elbasan Municipality, the following different lithological types are found:  

o Strong rocks 
o Medium rocks 
o Soil without cohesion 
o Cohesive soil 

From the evaluations of various tests, we have reached the variable values of the specific weight  
γ(24-29) kN/m3 and the angle of internal friction φ(18-28)o 

Figure 3. General RSW design and section view 

3. EXAMPLE OF RELIABILITY ANALYSIS OF GRSW 

We will deal with the reliability of soil parameters. 
The methods we will use are the Exact Method, the First Order Second Moment (FOSM) 
Method, and the Point Estimation Method. 
The safety factor for control in sliding and overturning is given by: 

𝐹 =
𝑅

𝑄
 

We will use the margin of safety M=R-Q assuming a normal distribution 
For simple calculations, we will use wall with vertical face and distributed load in the upper 
part. 
R ds =L ⋅ fds ⋅ tanφf ⋅ γ R ⋅ H+q    
R ot =0,5 ⋅ L ⋅ γ R ⋅ L ⋅ H +q ⋅ L  
Q ds = − (0,5 ⋅ γ s ⋅ H2+q ⋅ H) ⋅ tan2(45−φ s /2)     
Q ot = −(1/6 γ s ⋅ H3+0,5 ⋅ q ⋅ H 2) ⋅ tan2(45−φ s /2) 

The calculations of the margin of safety are carried out in tables, where for simplicity the 
coefficients A,B,C,D are used for constant values, and the coefficients X,Y for the variables of 
the natural soil. 
Below we give the table, where the values of the coefficients are as follows:  
A=   L2⋅ Fds ⋅tg(φF) ⋅(γ R⋅H +q)  X= γ s 
B= -1/2 ⋅H2     Y= tg2 ( 45 - φs /2) 
C= -q ⋅ H  
 
Mds=A + B ⋅X⋅Y + C⋅Y  (for sliding) 
A=   1/2 ⋅ L2⋅ γ R ⋅H    X= γ s 
B=   1/2 ⋅ L ⋅ q ⋅ D    Y= tg2 (45 - φs /2) 
C=  -1/6 ⋅ H3  
D=  -1/2 ⋅ q ⋅ H2 
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Mp=A + B + C⋅X⋅Y + D⋅Y  (for overturning) 
 

 
Figure 4. Geometry of the RSW for the example calculation 

 

Figure 5. Input data for the example calculation. 
 

Mp=A + B + C⋅X⋅Y + D⋅Y  (analytical equation for overturning) 

 

Y φS (tg(45-φS/2))^2

X Y A B C D M

24.1 19 0.5088 2822.4000 313.6000 -166.6667 -1000.0000 583.5852

25.74 20.08 0.4888 2822.4000 313.6000 -166.6667 -1000.0000 550.0609

26.81 21.56 0.4625 2822.4000 313.6000 -166.6667 -1000.0000 606.6267

28.62 27.46 0.3688 2822.4000 313.6000 -166.6667 -1000.0000 1007.9992

Shuma 105.27 1.8290 2748.2720

E(x) 26.3175 E(y) 0.457244 E(M) 687.0680

2.69872 0.0028761 3131.8303

Varianca X Varianca Y Varianca M

1.64278 0.0536293 55.9628

dev_sta Y= dev_sta  tan fi= dev_sta I M=

B= 12.27723645

Pf= 0.00000000000

M p p*M p*M^2

583.5852131 0.25 145.8963033 85142.92524

550.0608872 0.25 137.5152218 75641.74491

606.6267465 0.25 151.6566866 91999.0024

1007.999192 0.25 251.999798 254015.5928

Shuma 2748.272039 687.0680097 506799.2654

Mesatarja 687.0680 171.7670 126699.8163

V M=p*M^2- (p*M)^2= 97195.9132

devijimi standart I M= 311.7626

B= 2.203817999

Pf= 1.3769%

Wall geometry Symbol Value Unit COV (%)

Height H m 10 0.00

Length of geogrids L m 5.6 0.00

Vertical space between geogrids Simboli m 0.6 0.00

Number of geodrids N gj cope 17 0.00

Uniform sucharge q Kpa 20 0.00

Parametrat e tokes Symbol Value Unit COV (%)

Saturated unit weight of the reinforced soil γR KN/m3 23 5.00

Friction angle of the reinforced soil φR deg 33 5.00

Cohesion of the reinforced soil C'R Kpa 0 20.00

Saturated unit weight of the backfill soil γS KN/m3 18 20.00

Friction angle of the backfill soil φS deg 30 20.00

Cohesion of the backfill soil C'S Kpa 0 20.00

Saturated unit weight of foundation soil γf KN/m3 18 20.00

Friction angle of the of foundation soil φf deg 28 20.00

Cohesion of the of foundation soil C'f Kpa 0 20.00

INTERFACE PARAMETERS Symbol Value Unit COV (%)

Direct shear factor fds m 0.95 0

Pullout factor fpo m 0.95 0

GEOSUNTHETIC REINFORCMENT Symbol Value Unit COV (%)

T ult I gjeogridit Tult kN/m3 70.00 1

Reduction Factor for creep RFcr - 1.39 1

Reduction Factor for instalation damage Rfid - 1.10 1

Reduction Factor for chemical damage RFch - 1.20 1

Reduction Factor for biological damage RFb - 1.00 0

Figure 6. Exact method (m1) Figure 7. Point Estimation Method(M3) 
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For the example taken into consideration, we have calculated the reliability index for the 
margin of safety for overturning with: H-Variable, L-Variable, q-Variable: 

Figure 9. Reliability index for H-Variable, L-Variable and q-Varible. 
 
Below is given the behavior of the probability of failure (Pf) for different variables of H-
Variable, L-Variable, q-Variable (Note that while calculating the probability of failure for 
variable values of H,L,q the other data to be considered same as input data Figure 5. 
 
Mds=A + B ⋅X⋅Y + C⋅Y(analytical equation for sliding) 
 
 

 
Figure 10. Series 1-Exact Method (M1), Series 2-First Order Second Moment (FOSM) Method (M2), 

Series 3-PointEstimation Method (M3) 
 
It is possible to determine that sliding controls the external stability requirements whereas 
rupture controls the internal stability needs by comparing the failure probability for various 
data sets. For all failure modes except rupture, the shorter wall height and longer reinforcement 
length often suggest more safety and less failure probability. A more informed design option 
can be made by taking into account the ultimate reliability requirements for both the factor of 
safety and the reliability factors for sliding and overturning, based on the findings from this 
example. 
 

E M 687.068010

V M= 86717.45332

dev_sta I M= 294.4782731

B= 2.333170466

Pf= 0.981960%

Figure 8. First order second moment (FOSM) method (m2) 
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The calculations of reliability index for the margin of safety for sliding are calculated with H-
Variable, L-Variable, q-Variable: 

Below is given the behavior of the probability of failure (Pf) for different variables of H-
Variable, L-Variable, q-Variable (Note that while calculating the probability of failure for 
variable values of H, L, q the other data to be considered same as input data Figure 5):  

 
Figure 12. Series 1-Exact Method (M1), Series 2-First Order Second Moment (FOSM) Method (M2), 

Series 3-PointEstimation Method (M3). 

4. CONCLUSIONS 

Geogrid-reinforced retaining walls play a vital role in stabilizing earthworks and are commonly 
used in geotechnical engineering. However, the variability in soil properties due to geological 
deposition, post-deposition processes, and limited site investigation data requires a stochastic 
analysis with random fields.  

Y φS (tg(45-φS/2))^2

X Y tan φf A B C M

24.1 19 0.5088 0.5317 707.1735 -50.0000 -200.0000 -7.6722

25.74 22.4 0.4482 0.5317 707.1735 -50.0000 -200.0000 40.7713

26.81 21.56 0.4625 0.5317 707.1735 -50.0000 -200.0000 -5.3835

28.62 27.46 0.3688 0.5317 707.1735 -50.0000 -200.0000 105.6537

∑ 105.27 1.7883 133.3694

E(x) 26.3175 E(y) 0.447073 E(M) 33.3423

2.69872 0.0025438 5872.1227

Varianca X Varianca Y Varianca M

1.64278 0.0504363 76.6298

dev_sta Y= dev_sta  tan fi= dev_sta I M=

B= 0.43510946

Pf= 33.17%

E M 33.342341

V M= 1633.883199

dev_sta I M= 40.42132109

B= 0.82487014

Pf= 20.47%

  Figure 9. Exact Method (M1) 

Figure 11. First Order Second Moment (Fosm) Method (M2) 

Figure 10. Point Estimation Method(M3) 
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The uncertainties surrounding geotechnical and loading parameters greatly influence the design 
of geosynthetic-reinforced soil walls. 
This study examines the reliability of a geosynthetic reinforced soil wall based on three 
methods Exact Method, (FOSM) Method and the Point Estimation Method while taking 
different design uncertainties into account. To illustrate the efficacy and efficiency of the 
suggested reliability method taking into account external failure data, an example application 
for a geosynthetic reinforced soil wall with granular fill with limited data from field tests is 
taken out.  
The outcomes from the three approaches align closely for the FOSM and Point Estimation 
methods. However, the Exact method yields slightly higher results, indicating a greater 
reliability of the safety factor, particularly concerning overturning failure. On the other hand, 
the reliability of the safety factor concerning sliding failure is lower with the Exact method but 
higher with the FOSM and Point Estimation methods. 
It is possible to determine that sliding controls the external stability requirements whereas 
rupture controls the internal stability needs by comparing the failure probability for various 
data sets.The use of more values is needed to achieve a more accurate result. 
The findings indicate that, in most rupture scenarios, the probability of failure reduces with 
decreasing wall heights and increasing reinforcement lengths. This is because less load is 
placed on the reinforced backfill and more stability is created throughout the structure with 
longer reinforcement. 
Based on the target reliability standards, the study's results can assist engineers make better 
design decisions. 
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This research endeavours to comprehensively examine the analysis of steel cold-formed section 
elements under compression loads employing Abaqus finite element software. The study is 
motivated by the imperative to rigorously evaluate the efficacy and computational performance 
of Abaqus relative to traditional analytical methodologies in the context of cold-formed steel 
structures. Employing a rigorous analytical framework, incorporating numerical simulations 
and empirical validation, we aim to elucidate the comparative merits and limitations of Abaqus 
in modelling the complex mechanical behaviour of steel cold-formed sections under 
compressive loading regimes. Through a series of meticulously designed experiments, we 
scrutinize various aspects of the structural response of steel cold-formed sections, including 
buckling modes, stress distributions, and load-carrying capacities. We focus particularly on the 
comparison of buckling load distributions obtained from Abaqus simulations and those derived 
from conventional analytical methods. By meticulously examining the discrepancies between 
the two approaches, we seek to shed light on the accuracy and reliability of Abaqus in 
predicting critical buckling phenomena inherent in steel cold-formed sections. 

 
Keywords: Cold-formed sections, axial loads, finite element analysis, deformations, local 
buckling. 
 

1. INTRODUCTION   

In the realm of structural engineering, the design and analysis of cold-formed steel sections 
under various loading conditions represent a critical area of research and application [1]. These 
sections are highly regarded for their advantageous strength-to-weight ratio and versatility in 
construction projects [2] Among the various cold-formed profiles, the C-shaped sections have 
garnered significant attention due to their efficient performance in bearing axial loads, which 
are common in building frameworks, purlins, and studs.  
 
The process of designing such elements, particularly when utilizing high-grade S355 steel 
known for its superior mechanical properties, demands a meticulous approach that integrates 
theoretical computations with practical simulations. This comprehensive procedure ensures 
both efficiency and reliability in structural performance. 
 
This paper focuses on the comprehensive procedure of designing a C-shaped cold-formed 
section made from class S355 steel, subjected to an axial load. The approach encapsulates a 
dual-phase analysis: initially leveraging the power of numerical equations formulated within 
an Excel environment for preliminary assessments, followed by detailed simulations using the 
ABAQUS Finite Element Method (FEM) software for an in-depth structural behavior analysis. 
 
The integration of findings from both Excel-based numerical equations and ABAQUS FEM 
designs aims to validate the design of the C-shaped cold-formed section, ensuring it meets the 
requisite performance standards while optimizing material usage. This comprehensive 
methodology not only underscores the importance of a synergistic approach to structural design 
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but also paves the way for future advancements in the design and analysis of cold-formed steel 
sections. 

2. MATERIALS AND METHODS 

Cold-formed steel, often abbreviated as CFS, is a type of steel that is shaped and formed at 
room temperature using a series of rolling or pressing processes. These processes typically 
involve bending, folding, or stamping the steel into the desired shape without the need for 
heating, in contrast to hot-rolled steel which is shaped while at high temperatures. Cold-formed 
steel can be fabricated from a variety of steel grades, each with its own set of mechanical 
properties. Common grades used include EN – 1993-1-1, ASTM A1008/A1008M (commercial 
grade), ASTM A653/A653M (structural grade), and ASTM A500 (high-strength low-alloy 
grade). The choice of grade depends on factors such as required strength, ductility, and 
corrosion resistance. The analysis of cold-formed steel (CFS) sections under compression loads 
is critical in the design and assessment of lightweight steel structures. These elements are 
widely used in construction due to their high strength-to-weight ratio, versatility, and efficiency 
in material use. However, their stability behavior under compression, characterized by 
phenomena such as local buckling, distortional buckling, and global buckling, requires 
sophisticated analytical approaches. This discussion compares conventional methods and the 
Finite Element Analysis (FEA) approach in analyzing cold-formed sections under compression 
loads. 
 

2.1.Cold form steel design based on SK-EN 1993-1-3. 

According to Eurocode the structure should satisfy several criteria and considerations to ensure 
its safety, stability, and performance. 

 
2.1.1. Ultimate Limit State  

For a member in axial tension, the following expression shall be satisfied.  
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where: 
gA is the gross area of the cross-section, 

,n RdF  is the net-sectiom resistance for the appropriate type of mechanical fastener. 
 
For a member in axial compression, the following expression shall be satisfied.  
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For a member in compression perpendicular to the grain, the following expression shall be 
satisfied.  

,90, ,90 ,90,c d c c dk f                                                                                                                               (3) 
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where: 
effA is the effective area of the cross-section by assuming a uniform compressive stress equal 

to fyb, 
yaf  is the average yield strength. 

ybf  is the basic yield strength. 
 
For a member in bending, the following expression shall be satisfied.  
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where: 

maxe  is the slenderness of the element which correspond to the largest value of e

eo




 

2.1.2. SLS 

The Serviceability Limit State (SLS) is a crucial concept in structural engineering, particularly 
within the framework of design codes such as the Eurocodes. It pertains to the conditions under 
which a structure must remain functional and comfortable for its intended use, without causing 
undue distress or discomfort to its occupants. Unlike the Ultimate Limit State (ULS), which 
focuses on the maximum strength of a structure and its components to avoid collapse, the SLS 
concerns itself with aspects that ensure the structure is fit for use and durable over its intended 
life span. 
Key considerations under the SLS include: 
             Deflections: The deflections may be calculated assuming elastic behaviour. 
The influence of slip in the connections (for example in the case of continuous beam systems 
with sleeves and overlaps should be considered in the calculation of deflections, forces and 
moment 

Plastic deformation: The influence of slip in the connections (for example in the case 
of continuous beam systems with sleeves and overlaps) should be considered in the calculation 
of deflections, forces and moments. 

 
 Design based on Abaqus. 

The same structure that was calculated with numerical equations, was also analysed using 
FINITE ELEMENT METHOD using Abaqus finite element software. Abaqus finite element 
software is commonly used in the analysis and design of cold-formed steel structures due to its 
robust capabilities in simulating complex behaviors under various loading conditions. Abaqus 
allows engineers to accurately model the geometry and material properties of cold-formed steel 
sections. This includes defining the cross-sectional profiles, thicknesses, and material 
properties such as yield strength, modulus of elasticity, and strain-hardening behavior. 
The following algorithm outlines the typical steps used when employing Abaqus for designing 
structures with cold-formed steel. 
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Figure 18. Algorithm for designing structures with cold-formed steel 

  

3. RESULTS AND DISCUSSION 

In this section, we present the results of our analysis, comparing the performance of the cold-
formed steel column obtained from Abaqus finite element simulations with those calculated 
using the equations outlined in the Eurocode EC-1991-1-3. The comparison aims to validate 
the accuracy and reliability of both numerical and analytical methods in predicting the 
structural behavior of cold-formed steel members under axial loading. The table below 
provides a comprehensive comparison of key parameters, including load capacity, deflection, 



 

124 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

and buckling load, obtained from both methods. This comparison serves to assess the 
agreement between the numerical simulations and analytical calculations, shedding light on the 
efficacy of the design approach employed for cold-formed steel structures. 
 

Table 5. Load Differences FEM vs Numerical. 

  Abaqus Results 
(kN) 

EC-1991-1-3 
Results (kN) 

Load Capacity (L=3m and buckling 
length about both axis Lx=Ly=3m) 29.02 27.87 

 
  

Load Capacity (L=3m and buckling 
length about both axis Lx=Ly=1m) 72.48 67.70 

 
The comparison between conventional methods and the Finite Element Analysis (FEA) 
approach for analyzing cold-formed sections under compression loads reveals distinct 
advantages and limitations inherent to each method. These differences can significantly impact 
the choice of method for specific project needs, design objectives, and constraints. 

Table 6. Advantages and Limitations FEM vs Numerical 

Aspect Conventional Methods Finite Element Analysis (FEA) 
Advantages   

Simplicity Simplified models for quick analysis 
Detailed models accounting for complex 
interactions 

Speed Faster preliminary design and assessment - 
Code 
Compliance Directly tied to design codes - 

Accessibility Easily applied with basic training 
Can handle almost any geometry and material 
behavior 

  
Allows for detailed analysis including 
nonlinear effects 

  
Optimization capabilities for material use and 
design 

Limitations   

Conservatism May result in over-conservative designs 
Requires specialized software and significant 
computational resources 

Scope 
Limited in predicting behaviors for 
unconventional geometries 

Demands a high level of expertise for accurate 
modeling 

Approximations 
Relies on empirical data and 
simplifications 

Time-consuming process from modeling to 
analysis 

4. CONCLUSION 

In synthesizing the insights gained from the comparison of traditional methods and Finite 
Element Analysis (FEA) for cold-formed steel (CFS) sections under compressive loads, several 
key conclusions emerge that highlight the path forward and the evolving landscape of structural 
design: 
Integrated Design Process: The future of CFS design lies in an integrated design process that 
leverages the rapid, code-based calculations of traditional methods for initial sizing and the 
detailed, nuanced analysis capabilities of FEA for optimization and exploration of innovative 
solutions. 
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Optimization of Resources: Both methods contribute significantly to the optimization of 
material usage and environmental sustainability. By employing traditional methods for 
preliminary design and FEA for fine-tuning, designers can achieve structures that are not only 
safe and compliant but also material-efficient and less impactful on the environment. 
Enhanced Understanding of Structural Behavior: FEA offers unparalleled insights into the 
complex behavior of CFS under compressive loads, including local buckling, distortional 
effects, and global stability. This deepened understanding informs better, more resilient designs 
and bridges gaps in knowledge that traditional methods alone might not address. 
Safety and Reliability: The dual approach of employing both methods enhances the safety and 
reliability of CFS structures. Traditional methods ensure adherence to established safety 
margins and design codes, while FEA allows for the exploration of boundary conditions and 
loading scenarios beyond those codes, contributing to a more robust understanding of structural 
performance under varied conditions. 
Education and Skill Development: There is a clear indication that continuous education and 
skill development in both traditional analytical techniques and advanced FEA are essential for 
the next generation of structural engineers. Staying current with software advancements, 
understanding the limitations of each method, and applying them judiciously will be key to 
advancing the field. 
Adaptation of Codes and Standards: As our collective understanding of CFS behavior under 
compressive loads deepens, largely through FEA, there will be a necessary evolution of design 
codes and standards to incorporate these insights. This adaptation will l ikely result in more 
nuanced and sophisticated design requirements, pushing the industry towards safer, more 
efficient practices. 
Collaboration Across Disciplines: The challenges and opportunities presented by CFS design 
under compression loads highlight the importance of interdisciplinary collaboration. Insights 
from materials science, computational mechanics, and practical construction experience are all 
critical in pushing the envelope of what's possible in CFS design. 
Global Perspective on Design Practices: The comparison underscores the value of a global 
perspective on design practices, where diverse approaches and solutions can inform and inspire 
more universally applicable design strategies for CFS. The exchange of ideas and best practices 
across borders can accelerate innovation and efficiency in structural design worldwide. 
 
In conclusion, the complementary use of traditional methods and FEA in analyzing CFS 
sections under compression not only highlights the strengths and limitations of each approach 
but also charts a course for the future of structural design—a future that embraces complexity, 
prioritizes sustainability, and fosters innovation through integrated analytical strategies.  
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This paper presents a reliability study on reinforced concrete (RC) frame system retrofitted by 
Fibre Reinforced Polymers (FRP) confinement using the Join Method applications.The analyse 
concrete frame system with columns dimensions , 30/80 cm and beams 30/60 cm, design with 
details , respectively oriented in class of concrete C 30/37. The testing of the concrete in frame 
including the columns and bems result with low concrete class C 20/25 compared with design 
class. In Process of evaluations the structural assessment, this study rigorously examines the 
geometric implications and their influence on load distribution within the ram system. Through 
rigorous analytical computations, the effects of bending moments (M), shear forces (V), and 
axial loads (N) are meticulously evaluated to discern their impact on the structural stability and 
performance of the ram system. Moreover, the research extends its focus towards evaluating 
the efficacy of FRP application methods in Improving the load-bearing capacity of the frame 
system. In scope of the analyses nowedays used the different softwares , but in this case is 
applied the HORSE software, the study conducts simulations and analyses to gauge the 
feasibility and effectiveness of FRP reinforcement techniques.  This paper reviews and 
identifies gaps in knowledge of use the FRP materials in confinement and retrofiting the frame 
system , focuesed in joints and applications in new or existing constructions in achieve the 
targeting values of load bearing capacity. 
 
Keywords: Load-bearing capacity, Frame system, FRP application, Structural integrity, 
Bending moments, HORSE Software. 
 
 

1. INTRODUCTION 
Properly structural design request the, ensuring that columns match the design specifications 
is crucial for safety and stability. However, there are occasions when columns fail to meet the 
designated characteristics of the concrete outlined in the project plans. This discrepancy can 
arise due to various factors, including errors in material composition, improper mixing, or 
inadequate curing processes during construction. For instance, if the concrete used in a column 
has lower compressive strength than specified, it may be prone to cracking or deformation 
under load, jeopardizing the safety of the entire structure (Fig. 1).  

Figure 1. Columns deformation under loads. 

P P 
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To address this issue and rectify the discrepancies in the column's concrete characteristics, we 
may employ various remedial measures. One effective solution increasingly adopted in the 
construction industry involves the use of Fiber Reinforced Polymers (FRP) for reinforcement.  

By applying FRP wraps or sheets to the column surface, we can enhance its load-bearing 
capacity, restore structural integrity, and mitigate the risks associated with substandard 
concrete characteristics. 
 

2. METHODOLOGY, APLICATIONS-CASE STUDY 
The research process in this case consisted of collected paper on experimental study cases and 
the application of FRPs in full-scale or alreaday existing structures. 
For applying the methodology in this case study we used the already out put results for Class 
of concrete, design for C30/37 and result with class C16/20. 
In this case of frame with a height of 4m and a width of 5m, poor concrete quality can result in 
a lack of strength and stability in the column. This would increase the risk of changes in the 
shape and compression of the column, making it more prone to cracking or deformation under 
heavy loads. 
The cross-sectional dimensions for both the beam and the column are equivalent, each 
measuring 0.5 meters in width and 0.5 meters in height. And they are reinforced with different 
quantities of reinforcement bars, column with 452 𝑚𝑚2 and beam with 549 𝑚𝑚2 (Fig. 2). 

 
Figure 2. The cross-sectional of column and beam. 

 
The frame is loaded with axial forces at its end, with a value of 3200 kN each (Fig. 3). 
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Figure 3. The height and width of the frame. 

 
Figure 4. The influences from axial force. 

 
 
To assess the load-bearing capacity of columns, we need the axial force diagram from external 
influences and compare it with the column's bearing capacity to determine the necessity of FRP 
reinforcement. 
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3. THE LOAD-BEARING CAPACITY OF A COLUMN 

The load-bearing capacity of a column refers to the maximum amount of load or weight that a 
column can support before it fails or experiences excessive deformation (Fig.5). This capacity 
is influenced by various factors including the material properties of the column (such as its 
strength and stiffness), its dimensions (such as cross-sectional area and length), the type of 
loading (such as compression, bending, or a combination of both), and the support conditions. 
The load-bearing capacity of a column is usually determined through structural analysis and 
calculations based on engineering principles and codes. Various analytical methods, such as 
Euler's buckling formula, axial compression formulas, and finite element analysis (FEA), may 
be employed to evaluate the behavior of columns under different loading conditions. 
 

 
Figure 5. Typical cases of column collapse. 

 
However, in our example, we have calculated the load-bearing capacity of the column using 
the SAP2000 software program, and the result is as follows (Fig. 6): 

Figure 6. Interaction surface for column. 
 

The results for  load-bearing capacity of the column is 2938.13 kN, while the applied load 3200 
kN exceeds this capacity. Therefore, the column is unable to withstand the external forces. The 
column may bend or buckle sideways, causing it to lose its ability to support the load vertically. 
This buckling behavior arises due to the interaction between the compressive load and the 
column's stiffness. When the load is high enough, it causes the column to deflect sideways 
rather than continuing to compress linearly. This lateral deflection can lead to instability and 
ultimately structural failure if not addressed. 
As we can see in the table below from the report specified and extracted from the SAP2000 
software program. 
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Table 1. Column Summary Data – Eurocode 2-2004 (SAP2000) 
 

TABLE:  Concrete Details 1 - Column Summary Data - Eurocode 2-2004   
Design 
Type 

Design
Opt 

Status PMMRatio ErrMsg WarnMsg 

Text Text Text Unitless Text Text 
Column Check See WarnMsg 0.0325 No Messages Reinforcing provided is below 

minimum required. 
Column Check See WarnMsg 0.0201 No Messages Reinforcing provided is below 

minimum required. 
Column Check See WarnMsg 0.1251 No Messages Reinforcing provided is below 

minimum required. 
Column Check Overstressed and 

See WarnMsg 
1.8302 No Messages Reinforcing provided is below 

minimum required. 
Column Check See ErrMsg and 

WarnMsg 

 
Column factored axial load is too high. Kr 

becomes negative (EC2 5.8.8.3(3) Eq. 5.36); 
Reinforcing provided is below 

minimum required. 
Column Check Overstressed and 

See WarnMsg 
1.8175 No Messages Reinforcing provided is below 

minimum required. 
 
After concluding that the axial force exceeds the load-bearing capacity of the column, we have 
decided to reinforce the column with FRP (Fiber-Reinforced Polymer). We used the HORSE 
software for the detailed calculations of reinforcement with FRP. 
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4. CALCULATIONS OF CFRP STRENGTHENED COLUMN 

 

4.1.Design Criteria 

ACI 318M-14 Building Code Requirements for Structural Concrete 

ACI-440-2R-17 Guide for the Design and Construction of Externally Bonded FRP Systems 

for Strengthening Concrete Structures 
Table 2. Design Requriement and Basc Information 
Design Requriement and Basic Information 

Information of existing membet 
Height [mm] 500 
Width [mm] 500 

Radius of edges of a prismatic cross section confined with CFRP 
[mm] 

25 

Area of the steel reinforcement [mm2] 113.1 
Concrete compressive strength [Mpa] 20 

Yield strength of tensile reinforcement [Mpa] 319 
Elastic modulus of tensile reinforcement [Mpa] 200000 

Required axial load [kNm] 3500 
 

Table 3. Strengthening system 

Strengthening system 
Material  HM-60-II 

Ultimate tensile strength of the FRP material as reported by the 
manufacturer [MPa] 

3491 

Ultimate rupture strain of FRP reinforcement 0.0144 
Elastic modulus of CFRP [MPa] 243103 
Environmental reduction factor 0.85 

Design ultimate tensile strength of FRP  [MPa] 2967.35 
Design rupture strain of FRP reinforcement 0.0122 

Number of layers 6 
 

Table 4. The holding capacity of the column before and after CRFP 
The holding capacity of column  

Original capacity ϕPn,existing=3200 kN 
 

Required capacity Pu,req =3500kN  

Capacity after strengthening ϕPn,existing=3700.09 kN  

Strengthening system Material：CFRP HM-60-II  

Number of layers：6  

Conclusion OK  
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In Figure 7, the method of preparing the surface of the element before the FRP installation is 
shown, while in Figure 8, the method of FRP installation is presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Preparation of element before the FRP installation . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Method of installation of CRFP in columns. 
 
 

 
 
 

 
 
 
 
 
 
 

Figure 9. HM-60-II  6×100mm 
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5. CONLUSIONS  

 

Utilizing Finite Element Analysis (FEA) software like SAP has proven effective in assessing 
the load-bearing capacity of frame systems. Through simulation, we can gain insights into 
structural behavior and identify potential weaknesses, allowing for targeted reinforcement 
strategies. 
The occurrence of column collapse underscores the importance of thorough structural 
evaluation and strengthening measures. By implementing FRP techniques, such as carbon fiber 
reinforcement, we can significantly enhance the load-carrying capacity of structural members, 
mitigating the risk of failure. 
Integrating advanced computational tools like SAP and HOURS program enables engineers to 
make informed decisions regarding the selection and application of CFRP materials. This 
comprehensive approach ensures that structural enhancements are tailored to specific needs, 
optimizing performance and durability. 

 
Notes： 

The HORSE software application and the results derived from its utilization are intended only 
for use by professional users with expert knowledge in the area of the intended application. 
Users must independently verify the results before any use and take into account the site and 
application conditions, product data sheet and product literature, technical state of the art as 
well as local applicable standards and regulations. 
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Comparative Analysis of Displacement in Dual Systems with Shear Walls: 
Utilizing Finite Element Method, Software, and Approximate Expression  
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Structural analysis for buildings in seismic zones involves the consideration of numerous 
parameters that significantly influence the final values of structural dimensions. Structural 
analysis has progressed to various professional software platforms, where engineers often may 
not be aware of the input values and calculated results because of the speed up of the demands. 
Comparing the calculated values obtained from different software and the finite element 
analysis with the approximate calculations would be a possibility for assessing the performance 
of the structure. This paper endeavors to tackle a fundamental challenge in the realm of 
reinforced concrete structure design: the accurate assessment of displacements within a 
towering structure standing at a height of 26.6 meters. With a targeted focus on a six-story 
building (ground plus six levels), this investigation is dedicated to guaranteeing structural 
robustness and safety amidst a spectrum of dead loads, temporary and seismic loads.  To 
evaluate the structural performance values in this study, the lateral displacement values at the 
top of the structure obtained from software, finite element analysis, and approximate calculation 
methods will be compared. For the structure, the design parameters have been incorporated: 
soil acceleration of 0.25, concrete class C35/45, and reinforcement type B500C. Considering 
that the most common type of structural system used in seismic zones, especially for taller 
buildings, is the frame dual system, this is the rationale behind conducting the analysis in this 
study. The structural analysis of frame system with dual vertical members is focused on the 
seismic wall contribution to horizontal displacement. This entails using Finite Element Method 
(FEM) analyses, advanced software simulations, and precise approximate expressions to 
evaluate the structural performance and identify potential variations across different 
approaches. This study aims to enhance our understanding of how structures perform by using 
advanced numerical methods and approximations.  

Keywords: Comparative Analysis, Displacement, Dual Systems, Shear Walls, Finite Element 
Method, Structural Optimization.  

1. INTRODUCTION 

In structural engineering, managing displacement and ensuring stability against lateral forces 
like wind and seismic activity are critical concerns. Walls that primarily resist lateral loads due 
to wind or earthquakes acting on the building are called shear walls or structural walls. These 
walls provide lateral bracing for the rest of the structure [1]. In the context of high-rise 
structures, the integration of shear walls with other structural systems, such as frames, 
commonly known as dual systems with shear walls, has led to superior displacement control.  
Through this comparative study, we aim to assess the effectiveness and precision of various 
analytical methods in predicting displacement patterns within dual systems featuring shear 
walls. By using advanced computational tools alongside simplified analytical approaches, our 
objective is to provide detailed understandings into the intricate relationships among structural 
components and their impact on overall displacement dynamics. 
The findings of this research hold significant implications for structural engineers and 
designers, offering valuable guidance in the optimization of dual system with shear walls 
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configurations to achieve desired performance objectives while meeting stringent safety 
standards. Moreover, this study contributes to the ongoing discourse surrounding the utilization 
of computational methods and analytical approximations in structural engineering practice, 
advancing our understanding of displacement behavior in complex building systems. By 
exploring into various approaches for displacement analysis, this research equips engineers 
with the tools to effectively manage displacements right from the preliminary dimensioning of 
structural elements using approximate expressions, thereby ensuring controlled displacement 
within the structure. 

2. DISPLACEMENT CALCULATIONS USING FINITE ELEMENT METHOD, 
SOFTWARES AND APPROXIMATE EXPRESSIONS 

2.1 Calculating displacements with Finite element method. 
The finite element method is a numerical method for solving problems of engineering and 
mathematical physics. The finite element formulation of the problem results in a system of 
simultaneous algebraic equations for solution, rather than requiring the solution of differential 
equations. These numerical methods yield approximate values of the unknowns at discrete 
numbers of points in the continuum. Hence, this process of modeling a body by dividing it into 
an equivalent system of smaller bodies of units (finite elements) interconnected at points 
common to two or more elements (nodal points or nodes) and/or boundary lines and/or surfaces 
is called discretization. [2] For the simplicity of the calculation, so that when using the finite 
element method we don't end up with high-order matrices, structures whose mass is 
concentrated on the floor, for analytical purposes we use an idealized structural system where 
rotational degrees of freedom are neglected, focusing only on translational degrees of freedom 
called Shear Buildings. 
In a shear building: mass is concentrated at the level of the floors (Lumped Mass), beams have 
high stiffness (𝐸𝐼 = ∞), the rotations of the joints are taken to be zero and the axial 
deformations of the elements are neglected. [3] 
Below is presented the model of a Shear Building that contains: 

1. Stiffness on each floor presented by: k1, k2, k3 
2. Forces acting on each floor horizontally: P1, P2, P3 
3. Masses concentrated on the floor:  m1, m2, m3 
4. Principle of obtaining the stiffness matrix 
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Figure 1. Shear Building Model 

Stiffness matrix is a key component in the finite element method (FEM) used to model the 
behavior of structures subjected to loads. It represents the relationship between applied forces 
and resulting displacements within an element or a structural system. You will learn that the 
global nodal forces {F} and the global nodal displacements {v} are related through use of the 
global stiffness matrix [K] by: 

{𝐹} = [𝐾] ∙ {𝑣}                                                                              (1) 

Equation (1) is called the global stiffness equation and represents a set of simultaneous 
equations. It is the basic equation formulated in the stiffness or displacement method of 
analysis. To obtain a clearer understanding of elements 𝐾, 𝑃 and 𝑣, we write out the expanded 
form of Eq. (1) as: 

{
𝐹1

𝐹2

𝐹3

} = [
𝑘11 𝑘12 𝑘13

𝑘21 𝑘22 𝑘23

𝑘31 𝑘31 𝑘33

] {

𝑣1

𝑣2

𝑣3

}                                                            (2) 

where, in structural theory, the elements kij and Kij are often referred to as stiffness influence 
coefficients. [2] 

𝑘11 = 𝑘1;   𝑘22 = 𝑘1 + 𝑘2;  𝑘33 = 𝑘2 + 𝑘3;  𝑘12 = 𝑘21 = −𝑘1;                                     

𝑘13 = 𝑘31 = 0; 𝑘23 = 𝑘32 = −𝑘2                                                                                 (3) 

2.2 Calculating displacements with Software 
With the creation and development of computers, computer simulation has become the third 
means of scientific research after theory and experiment. [4] In modern engineering, calculating 
displacement using software involves advanced numerical techniques such as the Finite 
Element Method (FEM) or Finite Element Analysis (FEA). These software packages allow 
engineers to simulate and analyze the behavior of structures under various conditions, 
enhancing in design and optimization.  
FEA works by dividing complex structures into smaller elements, each represented by 
mathematical equations. These equations consider factors such as material properties, applied 
loads, and boundary conditions to predict displacement and deformation.  
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In engineering software, linear analysis, non-linear analysis, linear dynamic analysis, and 
dynamic non-linear analysis are indispensable tools for understanding structural behavior under 
different conditions. 
2.3 Calculating displacements with approximate expressions 
In engineering, calculating displacement with approximate expressions involves utilizing 
simplified mathematical models and formulas to estimate the behavior of structures under 
various conditions. 
These approximate methods are often used when analytical solutions are not feasible or when 
quick estimates are needed. These methods are typically employed in linear static analysis, 
where the behavior of structures is assumed to be linear and the loads are constant. They offer 
advantages such as simplicity, computational efficiency, and ease of implementation. 
Additionally, they can provide valuable insights into the behavior of structures without the need 
for complex numerical simulations. 
However, it's important to note that approximate methods may introduce some level of error 
compared to more rigorous numerical techniques like finite element analysis. They are best 
suited for preliminary design evaluations, sensitivity analyses, and quick estimations of 
structural response. 

3. EXAMPLE OF A STRUCTURE STANDING AT A HEIGHT OF 26.6 METERS 

In the example that has been reviewed, a six-story building (ground plus six levels), reinforced 
concrete structure whose layout is shown in Figure 2 was analyzed. In this structure, the height 
of each story was 3.80 m, the design parameters have been incorporated: soil acceleration of 
0.25, concrete class C35/45, and reinforcement type B500C.  

Based on the requirements required by [SK EN-1998-1-1], from the condition for local ductility 
of the elements preliminary dimensions have been determined. 

In the example weight of the building was calculated considering all the elements of the 
structure as well as the load of the floor layers and live load, and for calculation purposes it is 
concentrated on the floors in accordance with [SK EN 1998-1-1], as shown in Figure 3. 
By the criteria for regularity of the structure in the plan and elevation this structure is 
categorized into regular structure, therefore the lateral force method was used to determine 
displacements. 

The stiffness for columns and shear walls is expressed through the following expressions by 
taking in account the decrease the modulus of elasticity by 50% since an accurate analysis of 
the cracked elements is not performed [5]: 

𝑘𝑐 =
12𝐸0.5𝐼

𝐻1
3                                             𝑘𝑠ℎ,𝑤 =

1

𝐻1
3

12𝐸0.5𝐼
+

1.2𝐻1

𝐺𝐴𝑤

                                                   (4) 
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Figure 2. Dynamic Model MDOF Figure 3. Layout of the analyzed building 

In this equation 𝐸0.5 - represents modulus of elasticity of concrete reduced by 50%, I – 
represents moment of inertia of vertical elements, G – represents the shear modulus and H1 – 
represents the height of the storey. 
Based on [SK EN 1998-1-1; 4.3.3.2.2] the basic expression for calculating the seismic force 
acting on a structure's base is: 

𝐹𝑏 = 𝑆𝑑(𝑇1) ∙ 𝑚 ∙ 𝜆                                                                         (5) 

In this equation 𝑆𝑑(𝑇1) - is the ordinate of the design spectrum at period 𝑇1, 𝑚 - is the total mass 
of the building, above the foundation or above the top of a rigid basement and 𝜆 - is the 
correction factor [see 4.3.3.2.2 of SK EN 1998-1-1]. 
Based on [SK EN 1998-1; 4.3.3.2.3] the expression for the distribution of the seismic force 
across the floors of the structure is presented as follows: 

𝐹𝑖 = 𝐹𝑏 ∙
𝑧𝑖 ∙ 𝑚𝑖

∑ 𝑧𝑗 ∙ 𝑚𝑗
                                                                            (6) 

In this equation 𝐹𝑖 - is the horizontal force acting on storey i, 𝐹𝑏  - is the seismic base shear in 
accordance with expression (5), 𝑧𝑖 ,𝑧𝑗 - are the heights of the masses mi mj above the level of 
application of the seismic action (foundation or top of a rigid basement) and 𝑚𝑖 ,𝑚𝑗 - are the 
storey masses. 

From the calculation of the stiffness matrix from Eq. (3 and 4), the force vector that is obtained 
by first calculating the force at the base from Eq. (5), then its distribution through the floor 
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through Eq. (6) we arrive at the completion of Eq. (1) from which the displacements are then 
determined. 

{𝑣} = [𝐾]−1{𝑃}                                                                                (7) 
The building shown in Figure 2 is modeled using SAP2000 software. In order to facilitate a 
more accurate comparison of the results between FEM and SAP2000 after modeling, slabs were 
assumed to be infinitely rigid and at each storey rigid diaphragms were assigned, so that only 
translational degrees of freedom were considered, excluding rotational degrees of freedom. 
Meanwhile, seismic load data were automatically inputted into the software, including 
parameters such as soil acceleration, spectrum type, soil category, correction factor, and 
behavior factor. 

 

      Figure 4. Layout of the analyzed Structure                  Figure 5. The 3D Structural Model – SAP2000  

To calculate displacements using approximate methods, equivalent moment of inertia method, 
treating structure as a cantilever for this research has been used. 
Considering structure as cantilever, lateral loads calculated in floors from seismic force in base 
will be transitioned to a uniformly distributed load through the following expression:  

   𝑀0
𝑖 = ∑ 𝐹𝑖 ∙ ℎ𝑖                                                                                     (8) 

𝐹𝑖  – forces acting on the floors in the i storey  

ℎ𝑖  – height from the base to the acting load 

Moment of the cantilever will be equal: 

𝑀0
𝑖 =

𝑞𝐸𝑘 ∙ 𝐻2

2
                                                                                         (9) 

𝑀0
𝑖  – moment in the base of the structure from the loads acting in floors in the i direction 

𝑞𝐸𝑘 – uniformly distributed load 
H – total height of the structure 
Horizontal displacement of the structure from uniformly distributed load is calculated with the 
expression below: 
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         𝑣𝑖 = 𝑞𝐸𝑘 ∙
𝐻4

8 ∙ 𝐸0.5 ∙ 𝐼𝑗
𝐸𝑘 ∙ 6 ∙ (

𝑧

𝐻
)

2

− 4 ∙ (
𝑧

𝐻
)

3

+ (
𝑧

𝐻
)

4

൨                                         (10) 

𝑣𝑖  - horizontal displacement in the i direction 
𝐼𝑗

𝐸𝑘 - equivalent moment of inertia in j direction 
𝑧 - the height to the floor where the displacement is calculated 
From the application of the methods and expressions presented above, the structure 
displacements are presented in tabular and graphic form below. 

Table 2. Comparison of lateral storey displacements under different methods in X direction  
Lateral Displacements in the x axis (mm) 

Number of 
Storey Finite Element Method Software (SAP2000) Equivalent Moment of 

Inertia Method 
Ground Floor 1.49 1.05 0.09 

1. 2.94 2.47 0.35 
2. 4.28 3.97 0.71 
3. 5.46 5.35 1.15 
4. 6.43 6.62 1.62 
5. 7.14 7.62 2.12 
6. 7.53 8.37 2.61 

 
Figure 2. Graphical comparison of lateral storey displacements under different methods in X direction  

Table 3. Comparison of lateral storey displacements under different methods in Y direction  

Lateral Displacements in the y axis (mm) 

Number of Storey Finite Element 
Method Software (SAP2000) Equivalent Moment of 

Inertia Method 
Ground Floor 2.26 1.60 0.07 

1. 4.45 4.10 0.27 
2. 6.48 6.40 0.55 
3. 8.27 8.60 0.89 
4. 9.74 10.50 1.26 
5. 10.80 12.00 1.65 
6. 11.39 13.00 2.04 
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Figure 3. Graphical comparison of lateral storey displacements under different methods in Y direction  

The approximation made for the calculation of displacements in SAP2000 where slabs were 
assumed to be infinitely rigid and at each storey rigid diaphragms were assigned for this 
structure has a considerable impact, therefore the comparison of the displacements in SAP2000 
when the stiffness of slabs is real and infinitely rigid is presented below: 

       

Figure 8. Structure with infinite stiffness of slabs        Figure 9. Structure with real stiffness of slabs 

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00

Ground
Floor

1. 2. 3. 4. 5. 6.

LA
TE

R
A

L 
D

IS
PL

A
C

EM
EN

T(
m

m
)

STOREY

Displacements in Y direction

Finite Element Method Software(SAP2000) Equivalent Moment of Inertia Method

8.37mm 

7.62mm 

6.62mm 

5.35mm 

3.97mm 

2.47mm 

1.05mm 

30.2mm 

25.7mm 

20.8mm 

15.6mm 

10.3mm 

5.52mm 

1.75mm 



 

144 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

 

Figure 4. Graphical comparison of lateral storey displacements by real stiffness slabs and infinite 
stiffness slabs 

4. CONCLUSIONS  

For the dual frame structural systems with columns and shear walls, it's crucial to consider the 
actual stiffness of the slabs and the contribution of the beams. This consideration significantly 
impacts the magnitude of displacements, which directly influences internal forces. These 
internal forces, in turn, determine the dimensions of structural elements. 

Through the comparative analysis, it is notifying that FEM results closely align with those 
obtained from software simulations. This alignment can be attributed to the fact that both 
methods fundamentally rely on similar principles and computational techniques. However, 
software's results exhibit higher accuracy due to its ability to finely divide the structure into 
smaller elements, enabling a more precise representation of the system's behavior.  

Despite their limitations of approximate expressions methods in accuracy and reliability, these 
methods offer valuable insights, particularly during the preliminary stages of structural design. 
While they may not provide precise results, they can still serve as useful tools for initial 
dimensioning and decision-making processes 

Engineers must strike a balance between computational efficiency and result reliability based 
on project requirements and available resources. This optimization ensures efficient design 
iterations while maintaining acceptable levels of accuracy. 
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This study provides a comprehensive overview of Finite Element Method (FEM), covering 
fundamental aspects such as concepts, applications, types of elements, and degrees of freedom. 
The research explores how FEM plays a crucial role in predicting structural  behavior, 
emphasizing its application for robust structural analysis. The study delves into practical 
examples, including structures featuring 2D and 3D truss elements, 2D and 3D frame elements, 
shell and plate elements. Additionally, it examines advanced concepts such as Semi Rigid 
Connections, End Length Offset, Beams and Shells on Elastic Foundation using the well -
established Winkler model, and the analysis of Structures on Elastic Foundation with 
Rectangular Finite Elements using advanced concept of discretizing elastic half space into 2D 
Soil elements, employing SAP 2000 software. The study also includes a comparative analysis 
between SAP 2000 output results and solutions obtained through analytical methods. Through 
this in-depth exploration, the research aims to contribute valuable insights towards optimizing 
FEM for precise and efficient structural assessments. 
 
Keywords: Finite Elements, Structural Analysis, Elastic Foundations, Semi Rigid Connections, 
End Length Offset, 
 

1. INTRODUCTION  

In the intricate world of structural analysis, where precision and innovation converge, the Finite 
Element Method (FEM) stands as a beacon of excellence. As structures become increasingly 
complex and demand higher performance standards, the need for advanced modeling 
techniques becomes paramount. In this introductory journey, we embark on a quest to unravel 
the intricacies of structural analysis using cutting-edge methodologies within the Finite Element 
Method. 
 
The Finite Element Method, born out of mathematical ingenuity and engineering pragmatism, 
has revolutionized the field of structural analysis. Its ability to dissect complex structures into 
manageable elements, coupled with its robust numerical algorithms, empowers engineers to 
simulate real-world behaviors with unparalleled accuracy. However, to truly harness the full 
potential of FEM, one must delve beyond the basics and explore the realm of advanced 
modeling techniques. 
 
This comprehensive guide serves as a gateway to mastering the intricacies of advanced 
modeling within structural analysis. From refining meshing strategies to incorporating 
nonlinear material properties, each chapter delves deeper into the sophisticated arsenal of tools 
available to modern structural engineers. Through a blend of theoretical principles, practical 
applications, and illustrative examples, readers will journey from foundational concepts to 
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cutting-edge methodologies, equipping themselves with the skills needed to tackle the most 
challenging structural problems. 
Throughout this exploration, we will navigate through various advanced topics, including:  
Advanced Meshing Strategies: Unraveling the intricacies of mesh refinement techniques to 
achieve optimal accuracy while minimizing computational overhead. 
Nonlinear Material Modeling: Delving into the complexities of material behavior beyond 
linear elasticity, including plasticity, viscoelasticity, and hyperelasticity. 
Contact and Friction Analysis: Exploring the nuanced interactions between structural 
components through contact and friction modeling, essential for simulating assemblies and 
joints. 
Dynamic Analysis and Modal Analysis: Understanding the dynamic response of structures 
under varying loads and frequencies, unlocking insights into natural frequencies, modes shapes, 
and dynamic stability. 
Advanced Boundary Conditions and Constraints: Harnessing the power of sophisticated 
boundary conditions and constraints to simulate real-world scenarios, including thermal effects, 
fluid-structure interactions, and seismic loading. 
 
SAP2000 is a comprehensive structural analysis and design software developed by Computers 
and Structures, Inc. (CSI). It's widely used by structural engineers to analyze and design various 
types of structures, including buildings, bridges, towers, dams, and more. Here's an overview: 
Structural Analysis Capabilities: 
Linear and Nonlinear Analysis: SAP2000 performs both linear and nonlinear static and dynamic 
analysis, allowing engineers to simulate a wide range of structural behaviors accurately.  
Element Types: It supports various types of finite elements, including frame elements, shell 
elements, and solid elements, enabling detailed modeling of structural components. 
Loading Conditions: Engineers can apply a variety of loading conditions such as dead loads, 
live loads, wind loads, seismic loads, temperature effects, and more to simulate real -world 
scenarios. 
Response Spectrum Analysis: SAP2000 facilitates response spectrum analysis, a crucial 
method for assessing the structural response to seismic events and other dynamic forces.  
Time History Analysis: Engineers can perform time history analysis to evaluate the structural 
response under dynamic loads over time, essential for seismic and wind engineering. 
Buckling Analysis: The software includes buckling analysis capabilities to assess the stability 
of structural members and identify critical load levels. 
 

1.1.Introduction to End Length Offset in SAP2000: 
In structural analysis and design, precise modeling is paramount to accurately simulate real -
world behavior. SAP2000, a leading software in structural engineering, offers a powerful tool 
known as End Length Offset. This feature allows engineers to refine the modeling of members 
by adjusting their effective lengths at connections, yielding more accurate results in analysis 
and design. 
End Length Offset enables users to account for the influence of connections on the behavior of 
structural members. By specifying offsets at the ends of members, engineers can effectively 
model various connection conditions, such as pinned, fixed, or semi-rigid connections. This 
level of detail is crucial for capturing the true response of structures subjected to complex 
loading scenarios. 
Moreover, End Length Offset facilitates the simulation of non-standard boundary conditions 
and structural configurations. Whether dealing with irregular geometries, architectural 
constraints, or specialized connection types, engineers can utilize this feature to tailor their 
models to specific project requirements with precision and confidence. 
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In essence, End Length Offset empowers engineers to refine their structural models, enhance 
analysis accuracy, and ultimately deliver safer and more efficient designs. Its intuitive interface 
and robust capabilities make it an indispensable tool in the arsenal of structural engineering 
professionals using SAP2000. 

2. MATERIALS AND METHODS 

The initial geometry of the analysed 2D reinforced concrete frame structure is as illustrated in 
the fig.1, the material used is C25/30 and and the frame is loaded with distributed forces of 
W=60kN/m and horizontal forces of Q=100, 200, 300, 400, 500kN. 
The problem is first analysed with the columns fixed and beams and columns without and with 
End Length Offset. 
Then the 2D frame is analysed with strip on Elastic Foundation of different spring stiffnes and 
the results are as illustrated below. 

Figure 1. 2D RAM analysed 
 

The problem is also analysed on Elastic Foundation (strip T shape) with Rectangular Finite 
Elements using advanced concept of discretizing elastic half space into 2D Soil elements. 
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Figure 2. Diagram of moments without and with End Length Offset  

 
 
 
 
 
 
 
 
 

 
 

 
Figure 3. Diagram of shear force without and with End Length Offset  

 

Figure 4. Diagram of moments for stiffnes Ks=10000,30000,50000 [kN/m^3] 
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Figure 5. Diagrams of MTN on Elastic Foundation 
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Figure 6. Results of Deformed Shape, Shell Stresses on elastic foundation and Modal Analysis 
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3. RESULTS AND DISCUSSION  

 
 

 
 

 
 
 

Ks=10000 Ks=30000 Ks=50000 
Point M Point M Point M 
0 0 0 0 0 0 
1 25.19 1 24.6542 1 24.78 
2 -81.51 2 -81.2 2 -80.4 
3 -132.47 3 -133.74 3 -133.66 
4 -132.96 4 -137.17 4 -139.05 
5 -82.66 5 -90.76 5 -95.57 
6 19 6 6.97 6 -1.05 
7 172.72 7 157.93 7 147.5 
8 379.18 8 363.99 8 353.05 

T Shape b/h=1.2/0.8 b/h=1.2/1.4 
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Reinforced concrete structural systems represent a widely utilized and versatile approach in 
modern construction, offering a robust and durable framework for a variety of building types 
and applications. These systems typically consist of reinforced concrete elements such as 
columns, beams, slabs, and walls, integrated within a cohesive framework to support and 
distribute loads throughout a structure. The inherent strength and adaptability of reinforced 
concrete make it an ideal choice for withstanding various forces, including gravity loads, lateral 
loads (such as wind and seismic forces), and environmental factors. The integration of steel 
reinforcement within concrete elements enhances their tensile strength, allowing for efficient 
load transfer and structural stability. In the frame of a reinforced concrete structural system, the 
design and optimization of dimensional parameters play a critical role in ensuring structural 
integrity, performance, and efficiency. These parameters include the dimensions of individual 
structural elements (such as column cross-sections and beam depths), reinforcement detailing, 
spacing, and arrangement, as well as overall system configuration and layout. Through careful 
analysis, design, and optimization of dimensional parameters, engineers can achieve an optimal 
balance between structural strength, durability, and economy, tailored to the specific 
requirements and constraints of each project. This process involves considering factors such as 
loading conditions, material properties, construction techniques, and applicable design codes 
and standards. An essential consideration in determining these dimensions is the ductility class 
chosen for the structural design. Structures featuring larger cross-sectional dimensions, under 
similar soil conditions to those with smaller dimensions, have exhibited greater stiffness. 
Overall, reinforced concrete structural systems offer a reliable and versatile solution for 
constructing a wide range of buildings and infrastructure, with the optimization of dimensional 
parameters playing a crucial role in achieving safe, efficient, and cost-effective designs. 

 
Keywords: Structural frame system, optimization, seismic force, ductility. 
 

1. INTRODUCTION  

Frame systems are fundamental to a building's integrity, offering essential support and 
resilience that underpin the performance and functionality of the entire structure. Their design 
can differ significantly, reflecting variations in the materials selected, the intricacy of 
construction, and the methods employed. These decisions are often influenced by factors such 
as the intended use of the building, prevailing architectural trends, local environmental 
conditions, and budgetary constraints. The geometric configurations of frame systems—
including element sizes, shapes, and spatial organization—play a pivotal role in determining 
their structural efficacy. 

Optimizing these parameters can lead to improved structural integrity, efficiency and cost -
effectiveness. Structural optimization is often employed to improve the performance of load 
bearing systems subject to a given set of boundary conditions. This includes, for instance, 
maximization of material usage efficiency through minimization of the structure weight . 
Optimal structure layouts can be obtained through optimization of the structure geometry, the 
topology and the member cross section sizing. [1] 
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Furthermore, the implementation of structural optimization techniques serves to reduce 
engineering and construction expenses by streamlining the repetitive sizing tasks associated 
with structural members. This approach not only economizes on costs but also encourages the 
development of creative design solutions, uniquely suited to individual elements and materials 
within the structure.  
This technical investigation focuses on the structural performance of a two-story frame system 
under variations in vertical column dimensions. The intent is to assess the implications of 
different column cross-sectional sizes on the overall behavior of the frame system. 
Three distinct frame models will be studied, each featuring different column dimensions while 
maintaining uniform beam and slab sizes. This approach enables a controlled comparison of 
columnar effects on the structural system. 

 
Figure 1. The structural model 

 
The structural response of each model will be evaluated under a fixed gravity load 𝑔 =
4.0 𝑘𝑁/𝑚2 and imposed load 𝑞 = 5.0 𝑘𝑁/𝑚2. The primary objectives are: 

- To determine the load-carrying capacity of columns with varying cross-sections. 
- To calculate the periods of oscillation for three distinct frame models 
- To identify necessary column reinforcement based on cross-sectional dimensions. 

Numerical modelling will be utilized to simulate the mechanical behavior of the frame system 
under standard operational conditions and potential hazards. In our investigation, we aim to 
evaluate the impact of vertical column dimensions on the static and dynamic responses of a 
two-story frame system. The assessment will extend to determining the corresponding resisting 
moments, enhancing our understanding of the models' dynamic behavior and capacity to 
withstand various loading conditions. 
Through comparative analysis, we anticipate recognizing the influence of vertical column 
dimensions on the frame system's structural response. The findings will offer critical insights 
into optimizing column design for similar structural systems. 
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In this revised structure, the aim is to clearly define the different sections of the investigation, 
set clear objectives, and outline the methodology and expected outcomes in a concise manner.  

 
2. MATERIALS AND METHODS 

 
In this study, to evaluate the structural response of differing column geometries in a frame 
system, three models with varying column dimensions will be analyzed using computational 
analysis through Tower Software that is an advanced software for structural analysis, utilizing 
finite element analysis, the structure is divided into smaller segment for precise load and 
moment calculations, considering material properties and load application. For oscillation 
periods, its dynamic analysis assesses structural response to dynamic loads such as wind or 
seismic forces through calculation of natural frequencies and dynamic responses, providing 
crucial data for ensuring stability under dynamic conditions. 

 
The frame under consideration consists of two bays with spans measuring 6.0 meters each in 
the x-direction and a single bay with a span of 6.0 meters in the y-direction. The height of the 
floor in each bay is 3.0 meters. 
 

 
Figure 2. Reinforced concrete frame 

 
The concrete to be utilized in construction shall conform to a strength class of 𝐶30/37, the 
reinforcement to be employed shall meet the requirements of class 𝐵500 𝐶, which specifies a 
characteristic yield strength of 500 MPa with ductile behavior suitable for seismic-resistant 
structures. 
Tower Software will be employed to simulate the behavior of three frame system models with 
variable column dimensions: the first model will have columns with dimensions of b/ℎ =
 40/40 𝑐𝑚, the second model will have columns with dimensions of 𝑏/ℎ =  50/30 𝑐𝑚, and 
the third model will have columns with dimensions of 𝑏/ℎ =  25/60 𝑐𝑚. Beams in all models 
will be standardized at 𝑏/ℎ =  25/40 𝑐𝑚. 

 
Quantitative evaluations will include static load effects and oscillatory characteristics for each 
configuration. The load combinations will be synthesized using partial safety factors in 
compliance with Serviceability Limit State and Ultimate Limit State guidelines to identify the 
most critical load scenarios: 
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Primary load combination:   𝐸𝑑 = ∑ 𝛾𝑔,𝑖 ∙ 𝐺𝑘,𝑗

𝑛
𝑗≥1 + ∑ 𝛾𝑞,𝑖 ∙ 𝑄𝑘,𝑖

𝑛
𝑖≥1                                          (1) 

 
Seismic load combination:  𝐸𝑑 = ∑ 𝐺𝑘,𝑗

𝑛
𝑗≥1 + 𝜉 ∙ 𝐴𝐸𝑑 + ∑ 𝜓2,𝑖 ∙ 𝑄𝑘,𝑖

𝑛
𝑖≥1                                   (2) 

                 
These analyses aim to discern the model that demonstrates the most efficient structural behavior 
regarding static effects and required reinforcement under different loading conditions. 
 
To ascertain the resisting moment capacities of the vertical structural elements -columns, a 
detailed analysis will be facilitated by the use of CSiCol. Using CSiCol software, the moment 
capacity of columns is determined by evaluating column geometry, mater ial properties, 
reinforcement details, and load application. The software accounts for concrete confinement, 
reinforcement detailing, and the impact of column slenderness to accurately assess the moment 
resistance. With its robust capabilities, CSiCol will provide precise assessments of the columns' 
structural performance under various loading conditions. 
 

3. RESULTS 
In this research, are analyses the theoretical optimization of column dimensions in a uniform 
two-story-two-bay frame subjected to load combinations involving dead, live, snow, and 
seismic loads with overall frame dimensions, we systematically vary the cross-sectional sizes 
of the columns across three distinct models to ascertain the optimal column dimensions. After 
thorough analysis of the three models discussed and in line with the stated objectives of this 
research, we applied the earlier presented methodology to derive the ensuing results. 

 
Figure 3. Layout of the Building. The Columns of cross sections 40/40 cm in model 1.  

 

The Oscillation period of structure vale, reinforcement quantity and the Bending moment 
from action in structure and their capacity are shown below:  
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 𝑇1 = 0.3608 𝑠𝑒𝑐 
 𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵

𝑟𝑒𝑞 = 25.11𝑐𝑚2 

𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵
𝑝𝑟𝑜𝑣 = 26.24𝑐𝑚2 

𝑀𝐸𝐷 = 121.82 𝑘𝑁𝑚 
𝑁𝐸𝐷 = 444.58 𝑘𝑁𝑚 
𝑀𝑅𝐷 = 273.9 𝑘𝑁𝑚 
 
 

 
Figure 4. Cross-section of column 40/40 cm reinforced 

 
 

 
Figure 5. Layout of Building. The Columns of cross-sections 50/30 cm in model 2.  

 
𝑇1 =  0.4316 𝑠𝑒𝑐 
𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵

𝑟𝑒𝑞
= 28.46 𝑐𝑚2  

𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵
𝑝𝑟𝑜𝑣 = 30.48 𝑐𝑚2  

𝑀𝐸𝐷 = 129.82 𝑘𝑁𝑚 
𝑁𝐸𝐷 = 416.36 𝑘𝑁 
𝑀𝑅𝐷 = 322.22 𝑘𝑁𝑚 
 

 
Figure 6. Cross-section of column 50/30 cm, reinforced.  
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𝑇1 =  0.4852 𝑠𝑒𝑐 
𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵

𝑟𝑒𝑞 = 30.22𝑐𝑚2 

𝐴𝑠𝑙,𝑐𝑜𝑙2𝐵
𝑝𝑟𝑜𝑣

= 30.48 𝑐𝑚2  

𝑀𝐸𝐷 = 137.92 𝑘𝑁𝑚 
𝑁𝐸𝐷 = 433.16 𝑘𝑁 
𝑀𝑅𝐷 = 393.22 𝑘𝑁𝑚 
 

 
 

Figure 7. Model 3: The final model investigates columns with cross-sections of 𝑏/ℎ =
 25/60 𝑐𝑚 

 

4. CONCLUSION 
 

The comparative assessment of these theoretical models shows that optimizing column 
dimensions is crucial for the structural efficiency and performance of frame systems. The 
optimization process highlights the interplay between cross-sectional size and the resulting 
mechanical behavior of the structural system under load. The findings provide valuable insights 
for engineers and designers, allowing for the informed selection of column dimensions that 
achieve desired performance metrics while also considering economic and material 
considerations. 
Drawing conclusions from the data analyzed for each variant, it becomes apparent that the first 
variant emerges as the most favorable option. Its superiority is twofold: not only does it achieve 
the highest efficiency, with an impressive 44.47%, but it also requires the least amount of 
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reinforcement compared to the second and third variants, which demonstrate lower efficiencies 
of 40.28% and 35.07%, respectively. 
Moreover, it is worth highlighting that the first variant exhibits uniform stiffness in both 
orthogonal directions, leading to a reduced period of oscillation. This is in stark contrast to the 
other two variants where the stiffness varies between orthogonal directions, resulting in 
comparatively longer oscillation periods. This uniformity in stiffness within the first variant 
translates into a more balanced and predictable structural performance, especially under 
dynamic conditions such as seismic events. 
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Finite Element (FE) models are crucial tools used in solving various complex engineering 
problems, and their effectiveness often depends on the ability of the model to accommodate 
different types of end-connections such as releases and partial-fixities. Traditionally, 
incorporating these features into an FE model demands extra theoretical work during the 
element creation phase. This study demonstrates that the standard stiffness equations of any FE 
model, originally designed for rigid connections, can be adapted to include end-releases and 
partial-fixities without additional complex theoretical work on the element. In this study, a 
simple three-step matrix-equation modification technique to add and releases and partial- 
fixities to a finite element model is presented. These steps include isolation of the element from 
the rest of the system-mesh by introducing new degrees of freedoms (DOFs); introduction of 
elastic springs to link the isolated element with the rest of the system-mesh again and lastly, re-
integration of the element into the system equation by removing the newly added DOFs from 
the resulting equations. Demonstrated through examples, the application of this method 
involves only simple matrix operations and is broadly applicable not only to 1D bar-type 
structures but also to a wider range of elements, including elasticity elements of 2D and 3D 
types. 
Keywords: Finite elements, Partial-fixities, End-releases, Practical approach, Matrix-
equation modification. 

1. INTRODUCTION  

The Finite Element Method (FEM) stands as a widely accepted and prevalent approach in 
solving a broad range of engineering challenges, serving as the de facto standard in the industry. 
FEM facilitates the creation of varied element models tailored to specific types of problems. 
Nevertheless, it encounters unique situations that demand specific conditions to be met within 
the problem's boundaries. For instance, conducting a realistic structural analysis using FEM 
without employing specific end connections, notably releases and/or partial fixities (R/PFs), is 
practically unfeasible [1]. Various applications such as bridges [2], buildings, precast structures 
[3], aircraft wings [4] utilize detailed analysis incorporating R/PFs, which significantly 
influences the overall structural behavior [5]. Consequently, R/PFs play a crucial role in 
numerous studies related to structural design and optimization, underscoring their importance 
in enhancing structural performance and efficacy [6]. 
 
The foundational theory and practical implementation of releases and/or partial fixities (R/PFs) 
in one-dimensional (1D) elements are well-established in the literature. [7] is among the 
pioneers to integrate R/PFs within the framework of the matrix stiffness method. Following 
this, [8] introduced the concept of employing connection elements specifically designed for 
R/PFs to simulate the effects of such connections. Studies [9] and [10] respectively utilized 
stiffness equations of elements and an energy-based approach to incorporate R/PFs into 1D 
elements, focusing solely on solutions applicable to rotational degrees of freedom (DOFs). In 
research [11], the application of R/PFs, particularly for rotational aspects, was extended to beam 
elements by adapting existing stiffness equations. [12 and 13] offered a concise formulation for 
1D elements wherein all DOFs are connected to the system through springs, providing a broader 
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perspective. Specialized software solutions for the implementation of releases and/or partial 
fixities (R/PFs) have been developed, as mentioned in [14, 15 and 16]. While many commercial 
software packages offer native support for R/PFs in one-dimensional elements, for those that 
do not, a workaround involves manually separating the nodes and inserting spring-like elements 
to simulate R/PFs. Although this approach may be more cumbersome, it is employed in this 
study for verification purposes. 

 
The motivation behind revisiting this topic, despite its extensive exploration and historical 
context, stems from a perceived gap in the literature where R/PFs are predominantly discussed 
in relation to one-dimensional elements. This paper aims to shift the perspective towards a 
broader application of R/PFs in custom finite element (FE) models. By doing so, it elaborates 
on the method with a straightforward yet universally applicable formulation. Additionally, the 
paper demonstrates the method's applicability in elasticity elements through theoretical 
discussion and an illustrative example written in Python programming language. 

 

2. MATERIALS AND METHODS 

A FE equation of a typical linear element is given in its well-known compact form as in Eq. (1)
, where [ ]K  being the stiffness matrix, U is the degree of freedom (DOF) vector, B  and Q  are 
the body and boundary force vectors respectively. 

 [ ]K = +U B Q  (1) 
 

The element is separated from the remainder of the system by defining its independent equation 
based on the element's own variables, U  and Q , as presented in the following Eq. (2) 

 [ ]K = +U B Q  (2) 
 

Figure 1 depicts such a separated node with a DOF iU  from the rest of the system, and is 
reconnected by an elastic spring with a spring coefficient sik . 

 
Figure 19. A disconnected node from the rest of the system, re-attached by a spring. 

Considering the equilibrium equation of the individual spring as  ( )i i si i iQ Q k U U= = − , one 
can expand this equation to all DOFs of the system and write the Eq. (2) in its new form, given 
in Eq. (3). 

 [ ] [ ]( )sK k= + −U B U U  (3) 
 

where, [ ]sk  is a diagonal matrix that constitutes the corresponding spring stiffnesses of each 
DOFs. In order to retain element equations in its original form, but with springs defined for 
each DOF, firstly U  is solved from Eq. (3) as 
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= +

U B U
 (4) 

 
Finally, considering the spring equilibrium equation, =Q Q , and substituting Eq. (4) into Eq. 
(2),  the new stiffness equation of the element attached with the springs is obtained as 

 [ ][ ][ ] [ ][ ]s s s sK K k k K= +U B Q  (5) 
 

It's important to highlight that through the application of Eq. (5), end springs can be seamlessly 
integrated into any FE model. The subsequent sections of the text delve into the practical aspects 
of utilizing this equation. 

3. RESULTS AND DISCUSSION 

In order to demonstrate that the proposed method, an example application will be given, the 
well-known plane stress element. The stiffness matrix and body force vector of the element is 
given as 

 

T[ ] [ ] .[ ].[ ] dA,

= [ ] . dA
A

T

A

K B C B h

h

= 

B b
 (6) 

where, [ ]B is the strain-displacement matrix, [ ]C  is the material matrix, [ ]  is the shape 
functions matrix, b  is the body force vector and h  is the thickness of the element. Figure 2 
illustrates a typical 4-node plane-stress element and in Listing 1, the implementation of the 
element in a classical FE framework is given in Python programming language.  

 

 
Figure 2. A 4-node plane element illustration of both its real and master space. 

  Listing 7. Implementation of the plane-stress element in Python. 

import numpy as np 
det = np.linalg.det       # determinant 
inv = np.linalg.inv      # inverse 
 
def assemble_element(Ke, Be, Ks, Bs, dof): 
    for i in range(len(dof)): 
        Bs[dof[i]] += Be[i] 
        for j in range(len(dof)): 
            Ks[dof[i], dof[j]] += Ke[i, j] 
 

1 2 

3 4 

X 

Y r 

s 

[-1, -1] [+1, -1] 

[-1, +1] [+1, +1] 
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def integrate_gauss_N2(g): 
    return g(-1/3**0.5, -1/3**0.5) + g( 1/3**0.5, -1/3**0.5) + \  
                g(-1/3**0.5,  1/3**0.5) + g( 1/3**0.5,  1/3**0.5) 
 
# shape functions vector 
def f(r, s): return 0.25 * np.asarray([(1-r)*(1-s), (1+r)*(1-s), (1-r)*(1+s), (1+r)*(1+s)]) 
 
# derivatives of shape functions w.r.t master coordinates 
def df_dr(r, s): return 0.25*np.asarray([[-(1-s), -(1-r)],[(1-s), -(1+r)],[-(1+s), (1-r)],[(1+s), (1+r)]]) 
 
# jacobian matrix 
def J(r, s, X): return X @ df_dr(r, s) 
 
# derivatives of shape functions w.r.t real coordinates 
def df_dX(r, s, X): return df_dr(r, s) @ inv(J(r, s, X)) 
 
def K_stiffness_matrix(X, E, p, h): 
    C = E/(1-p**2)*np.asarray([[1, p, 0],[p, 1, 0],[0, 0, 0.5*(1-p)]]) 
    def SDM(r, s): # strain-displacement matrix 
        temp = np.zeros((3, 8)) 
        df = df_dX(r, s, X) 
        temp[0, 0:4] = df[:, 0] 
        temp[1, 4:8] = df[:, 1] 
        temp[2, 0:4] = df[:, 1] 
        temp[2, 4:8] = df[:, 0] 
        return temp 
    def dK(r, s): return SDM(r,s).T@C@SDM(r, s)*h*det(J(r, s, X)) 
    return integrate_gauss_N2(dK) 
 
def B_body_force_vector(X, h, bx, by): 
    def dB(r, s): # strain-displacement matrix 
        SFV = f(r, s) # shape functions vector 
        SF8 = np.concatenate((SFV, SFV)) 
        return h*det(J(r, s, X))*SF8*[bx, bx, bx, bx, by, by, by, by] 
    return integrate_gauss_N2(dB) 
 

 
The selected plane-stress problem is shown in Figure 3. An irregular mesh is used to include 
the effects of all possible variables in the problem. Body forces are also included as self -weight. 
The elastic spring connection is inserted only in the horizontal direction. Vertical connection 
between the parts is rigid. Spring coefficient, thickness, elasticity modulus, Poisson’s ratio and 
unit weight are selected as; k=30000kN/m, h=0.01m, E=70GPa, v=0.3 and w =77kN/m3. 
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Figure 3. Two plane-stress elements connected to each other by horizontal elastic springs. Geometry 

and finite element mesh (P=1000kN). 

The application of element springs and the Python implementation of the complete solution of 
the example structure is given in Listing 2.  

  Listing 2. Solution of the plane-stress elastic spring example in Python. 

# Definitions of the elements and springs 
a1, a2, a3, b1, b2 = 4, 2, 3, 2, 3     # Dimensions [m] 
Ls = ((a3-a2)**2 + b2**2)**0.5   # Total length of the surface with springs. 
E = 70_000_000   # Young's Modulus [kN/m^2] 
p = 0.3                  # Poisson's Ratio 
h = 0.01                # thickness [m] 
qw = 77                # unit weight [kN/m^3] 
k = 30_000           # spring stiffness [kN/m^2] 
X1 = np.asarray([[0, a1, 0, a1+a2-a3], [0, 0, b1, b2]])  # coordinate matrix of element 1 
X2 = np.asarray([[a1, a1+a2, a1+a2-a3, a1+a2], [0, 0, b2, b2]]) # coordinate matrix of element2 
inf = k*1e6   # a big number to define infinitely rigid springs 
ks1 = np.diag([inf, k*Ls/2, inf, k*Ls/2, inf, inf, inf, inf])  # defines [ks] matrix of element 1 
 
 
 
# Assemblage and solution of the system equations 
K1 = K_stiffness_matrix(X1, E, p, h)        # get stiffness matrix of element 1 
K1 = K1 @ inv(K1 + ks1) @ ks1               # convert K1 into new stiffness matrix (see Eq. (5)) 
K2 = K_stiffness_matrix(X2, E, p, h)        # get stiffness matrix of element 2 
 
B1 = B_body_force_vector(X1, h, bx=0, by=-qw)  # get body force vector of element 1 
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B1 = ks1 @ inv(K1 + ks1) @ B1              # convert B1 into new body force vector (see Eq. (5)) 
B2 = B_body_force_vector(X2, h, bx=0, by=-qw)  # get body force vector of element 2 
 
dof1 = [4, 0, 8, 2, 5, 1, 9, 3]       # DOF numbers of the first element 
dof2 = [0, 6, 2, 10, 1, 7, 3, 11]   # DOF numbers of the second element 
 
Ks = np.zeros((12, 12))   # initialize stiffness matrix of the system 
Bs = np.zeros((12))         # initialize body force vector of the system 
Ps = np.zeros((12))         # initialize concentrated force vector of the system 
Us = np.zeros((12))        # initialize displacements of the system of the system 
 
Ps[3] = -1000                                                # nodal force [kN] 
assemble_element(K1, B1, Ks, Bs, dof1)    # assemble element 1 into system 
assemble_element(K2, B2, Ks, Bs, dof2)    # assemble element 2 into system 
 
Us[0:4] = inv(Ks[0:4, 0:4]) @ (Bs[0:4] + Ps[0:4])   # calculate nodal displacements 
Ps[4:12] = Ks[4:12, 0:4] @ Us[0:4] - Bs[4:12]         # calculate support reactions 
 

 
The analysis results of the example plane stress solution with the proposed method are given in 
Table 2. In order to verify the results in SAP2000 [17], one should turn-off the so called 
“incompatible modes” of the plane element, which is active by default in the software. 

Table 8. Analysis results for the plane-stress problem. Displacements and support reactions. 

Vert. Disp.  
[mm] 

Proposed 
Method 

SAP2000 
V18.2.0 

Node 2 -2.16936 -2.16863 
Node 5 -3.12296 -3.12236 

Support React. 
Vertical [kN] 

Proposed 
Method 

SAP2000 
V18.2.0 

Node 1 405,194 405,169 
Node 3 294,933 294,947 
Node 4 -8.293 -8,272 
Node 6 320.871 320,859 

Support React. 
Horizontal [kN] 

Proposed 
Method 

SAP2000 
V18.2.0 

Node 1 327,535 327,481 
Node 3 -449,304 -449,237 
Node 4 -289,092 -289,040 
Node 6 410,861 410,796 

4. CONCLUSION 

This study introduced a pragmatic approach for enhancing current FE models with edge partial-
fixities and releases, illustrated through an example that the method's application involves 
straightforward matrix manipulations. The findings revealed that the precision of the method 
can be adjusted using a singular magnification factor. Despite necessitating matrix inversion 
for deriving stiffness equations, even in scenarios involving a single spring, the method's 
adoption in commercial software might not be the most efficient in terms of speed. However, it 
remains a favorable choice due to its ease of applicability. 
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The importance of ductility class for seismic structural walls lies in its ability to withstand and 
absorb seismic forces while maintaining structural integrity and preventing catastrophic failure 
during earthquakes. Ductility refers to the capacity of a material or structure to deform 
plastically before failure, which allows it to dissipate energy and reduce seismic damage. The 
ductility class of a seismic structural wall determines its ability to undergo controlled 
deformation without collapse, thus enhancing the resilience of the overall structure against 
seismic events. Choosing an appropriate ductility class is crucial in seismic design to ensure the 
safety and stability of buildings and infrastructure in earthquake-prone regions. It influences 
the design parameters, reinforcement detailing, and overall performance of the structural system 
under seismic loading, as specified by seismic design codes and standards such as Eurocode 8. 
The paper presents a comprehensive analysis of vertical elements, centering on their response 
to seismic loading conditions across varying classes of ductility. Ductility serves as a 
cornerstone in enabling structures to effectively absorb energy during seismic events, thereby 
reducing the risk of damage and collapse. Also, the commences with an exploration of the 
significance of ductility in seismic design and its ramifications for the performance of columns 
and shear walls are explained in the paper. By referencing established seismic design standards 
such as Eurocode 8, the research outlines the categorization of ductility class and elucidates 
their importance in structural engineering. The paper conducts a seismic analysis of vertical 
elements in a tall structure standing 24 meters high (ground plus five levels), considering 
different class of ductility for specific material properties (Concrete grade of C40/50 and B500C 
reinforcement) under an assumed ground acceleration of 0.22g. The analysis of the structure 
was done with Tower software. The research analyzes the performance of columns and shear 
walls across multiple ductility class, with the goal of improving understanding and design 
practices for seismic-resistant structures.  
 
Keywords: Seismic action, ductility class, column, shear walls. 
 

1. INTRODUCTION 
The behavior of high-rise structures under varying degrees of ductility is a critical aspect of 
structural engineering, influencing both safety and performance. In this analysis, we utilize 
Tower 8 software to investigate and compare the response of high-rise buildings in two distinct 
states of ductility: high ductility and medium ductility. 
Focusing on the critical zone of vertical elements, specifically the first level, our analysis 
examines the behavior of key components such as columns and shear walls. We aim to 
understand how these elements perform under seismic forces in different ductil ity scenarios, 
with a particular emphasis on the effects of high and medium ductility on structural response.  
It is important to note that this research paper excludes the treatment of joints between columns 
and beams, as well as connections between shear walls, beams, and slabs. Instead, our focus 
lies solely on the behavior of vertical elements within the specified critical zone. 
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Through comprehensive analysis and comparison, we seek to identify the implications of 
ductility on the design and dimensioning of vertical elements. Additionally, we investigate the 
effects of P-delta effects, recognizing their significance in high-rise structural behavior under 
lateral loads. 
By elucidating the differences in structural response between high and medium ductility 
scenarios, this research contributes to the advancement of design practices and risk assessment 
strategies for high-rise buildings. Ultimately, our findings aim to inform more resilient and 
efficient structural designs, ensuring the safety and durability of tall buildings in seismic-prone 
regions. 

2. METHODOLOGY, APLICATIONS-CASE STUDY 
The research employs a comprehensive methodology to investigate the seismic behavior of an 
object.The stuctural analysis of object is conducted using software Tower 8, considering 
material properties, structural configurations, and seismic loading conditions. Both high and 
medium ductility cases are simulated to evaluate the structure's response. Seismic forces across 
stories, displacement patterns, and required reinforcement are compared between the two 
ductility scenarios. 
The focal point of the case study is  seismic analysis of vertical elements in a tall structure 
standing 24 meters high (ground plus five levels),the ground below object  is type B with a 
ground acceleration of 0.22g, material properties (Concrete grade of C40/50 and B500C 
reinforcement) in general it represents a typical structure in seismic-prone areas. Utilizing 
Tower 8 software, the study provides insights into the structural behavior under seismic loading, 
facilitating comparisons between different ductility cases and assessing the effectiveness of 
confined concrete in enhancing ductility. This case study contributes valuable findings to 
seismic engineering practices, aiding in the optimization of structural design for improved 
seismic resilience. 

 
Figure 1.  Structural model 
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Figure 2. Layout of vertical elements in floor plan. 

3. SEISMIC ANALYSIS OF STRUCTURE ACCORDING TO EUROCODE 8 
In general, the seismic forces acting on a building depend on various factors including its 
location, soil conditions, building height, structural system, and local building codes. Engineers 
use seismic design codes and standards, such as those developed by the Eurocodes or similar 
standards in other countries, to determine the appropriate level of seismic design for a particular 
structure. 

3.1. Seismic forces for DCH and DCM 
The seismic forces experienced by a building are typically determined through seismic analysis, 
which involves evaluating the response of the structure to seismic loading. This analysis 
considers factors such as the building's mass, stiffness, and damping characteristics, as well as 
the characteristics of the ground motion expected at the building's location. 
Seismic forces refer to the forces exerted on a structure during an earthquake. They are crucial 
to consider in the design and construction of buildings and other infrastructure to ensure their 
safety and stability during seismic events. DCH and DCM likely refer to different types of 
structures or construction methods, but without further context, it's hard to provide specific 
information. 
Once the seismic forces are determined, engineers use this information to design the structural 
elements of the building to resist these forces and ensure the building's safety during an 
earthquake. This may involve designing elements such as beams, columns, walls, and 
foundations to be sufficiently strong and ductile to withstand the expected seismic loading 
without collapsing or suffering excessive damage. 
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Figure 3. Ductility levels. 

 
Figure 4. Shear forces through the floors. 

 

3.2. Relative displacement between floors and P-∆ effect 
The relative displacement between floors and the P-Δ effect are both important considerations 
in the analysis and design of buildings, particularly in the context of seismic engineering. 
Relative displacement between floors, In a multi-story building subjected to seismic forces, 
each floor may experience different levels of displacement due to the building's response to 
ground motion. The relative displacement between floors refers to the difference in 
displacement experienced by adjacent floors of the building. This relative displacement can 
induce forces and stresses on the building's structural elements, such as columns, beams, and 
connections, which need to be accounted for in the design to ensure the building's integrity and 
safety. 
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The P-Δ effect is a phenomenon in structural engineering that arises due to the deformation of 
a structure under load, particularly in statically indeterminate structures. When a structure 
undergoes significant deformation, the distribution of internal forces changes, leading to 
additional bending moments and axial forces in the structure. The P-Δ effect is especially 
relevant in tall buildings and structures subjected to lateral loads, such as wind or seismic forces. 
During seismic events, the lateral displacement of a building induces additional forces on the 
structure, which can exacerbate the P-Δ effect. 

 
Figure 5. Relative displacement between floors - "Drifts". 

 
Figure 6. P-∆ effect. 

4. DESIGN AND DETAILING OF VERTICAL ELEMENTS 
The design and detailing of vertical elements in buildings, such as columns and walls, are 
crucial aspects of structural engineering, particularly in seismic regions where these elements 
must resist significant lateral forces. Here's an overview of the key considerations:  

- Material selection, Vertical elements are typically constructed using reinforced 
concrete, steel, or sometimes composite materials. The choice of material depends on 
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factors such as the structural requirements, architectural preferences, construction 
methods, and local building codes and regulations. 

- Structural Analysis, Engineers perform structural analysis to determine the forces and 
moments acting on vertical elements, considering both gravity loads and lateral loads. 
Analytical methods range from simplified hand calculations to sophisticated computer 
simulations, depending on the complexity of the structure. 

- Load Path and Contonuity, Vertical elements must provide a continuous load path from 
the superstructure to the foundation to ensure structural stability and integrity. Proper 
detailing of connections and continuity reinforcement is essential to achieve this. For 
example, column-to-beam connections should be designed to transfer vertical loads, as 
well as resist lateral forces and moments. 

- Seismic design, In seismic regions, vertical elements must be designed to withstand the 
lateral forces generated by earthquakes. This involves detailing them to be ductile and 
capable of undergoing significant deformations without collapsing. Seismic design 
codes and standards provide guidelines for detailing requirements, such as minimum 
reinforcement ratios, detailing of confinement reinforcement, and special detailing 
considerations for regions of high seismicity. 

- Reinforcement Detailing, The detailing of reinforcement in vertical elements is critical 
to ensure their structural performance. This includes specifying the size, spacing, and 
configuration of reinforcement bars, as well as detailing for development length, 
anchorage, lap splices, and detailing for seismic resistance. 

4.1. Column for DCM and DCH 
In seismic design, structures are often categorized based on their expected performance during 
earthquakes. The common classifications for the ductility of structures are Medium Ductility 
Class DCM, Lower Ductiliity Class DCL and High Ductility Class DCH. The ductility class of 
a structure influences the level of detailing and reinforcement required for its components, 
including columns. 

 
Figure 7. Column Reinforcement approval for DCM 

       
Figure 8. Column Reinforcement approval for DCH 
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4.2. Shear wall for DCM and DCH 
Seismic walls, also known as shear walls, play a crucial role in providing lateral resistance 
to buildings during seismic events. Similar to columns, seismic walls are also categorized 
based on their expected performance during earthquakes. In the Figure below are shown the 
reinforceent way of creating the DCM shear wall and the DCH shear wall. 

 
Figure 9. Boundary element reinforcement detail of wall for DCM. 

  
Figure 10. Boundary element reinforcement detail of wall for DCH. 

 

The Figure 11 shows the Comparison of ductility classes in the quantity of reinforcement 

  

Figure 11. Comparison of ductility classes in the amount of reinforcement for column and wall.  
 

5. CONCLUSION 
The research analysis the seismic behavior of a tall structure standing 24 meters high, providing 
critical insights into its resilience and response to seismic forces. Through analysis utilizing 
Tower 8 software, are illuminated several key aspects: 
Structural Resilience: Ductility scenarios emerge as pivotal factors influencing the behavior of 
the structure under seismic loading. the study underscores the importance of considering 
various ductility levels in the design and assessment of structures, as they significantly impact 
the structure's ability to withstand seismic forces and deformations. 
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Seismic Forces: Adhering to Eurocode 8 guidelines, are classified the structure based on its 
response to seismic forces. By scrutinizing the distribution of forces across stories, it is ensured 
the fidelity of our model and explored reinforcement strategies aimed at mitigating potential 
damage during seismic events, bolstering the structure's resilience. 
Displacement Patterns: Analysis of displacement patterns across stories, particularly in high 
and medium ductility scenarios, has unveiled critical insights into structural response. By 
examining relative displacements between stories or "drifts" and accounting for the P- effect, 
we have provided valuable considerations for the design of columns and shear walls, ensuring 
they can accommodate seismic-induced displacements effectively. 
Reinforcement Requirements: The study adheres to Eurocode 8 standards to determine the 
longitudinal and transverse reinforcement requirements essential for structural integrity, 
especially in seismic-prone regions. Furthermore, also it is investigated the impact of confined 
concrete on ductility, revealing its potential to enhance structural resilience by improving 
confinement and reducing vulnerability to seismic loading. 
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Albania, situated in the Alpine-Mediterranean seismic belt, faces seismic challenges 
accentuated by its geological and tectonic structure. Despite implementing seismic provisions, 
historical earthquakes exposed vulnerabilities due to inadequate enforcement. The seismic 
hazard map aids earthquake-resistant design, illustrating Peak Ground Acceleration for a 475-
year return period. The presentation introduces base isolators—a seismic protection method 
separating structures from foundations. Albania's inaugural use of this technology in Tirana 
exemplifies an irregular plan shape with a dual system reinforced concrete structure.  Initially 
designed as a fixed base, it transitioned to isolation, marking a pioneering example in the 
country. Exploring two isolator types, elastomeric bearings and frictional pendulum bearings, 
reveals their unique mechanisms. Elastomeric bearings use rubber-like materials for flexibility, 
while frictional pendulum bearings employ sliding surfaces and pendulum mechanisms for 
controlled rocking. The study case, Albania's first base-isolated building, falls within the 
category of residential and service-oriented civil constructions. The load-bearing structure 
comprises a dual-system reinforced concrete skeleton, featuring two basement levels for car 
parking, two above-ground floors for service spaces, and 6-7 subsequent residential floors. This 
application highlights seismic resilience and innovation in Albania's structural engineering, 
considering essential parameters in isolator selection. Load calculations adhere to European 
standards, considering dead loads, live loads, and seismic masses. The presentation concludes 
by showcasing tables and diagrams illustrating vibration modes, displacements, inertial forces, 
and moment distributions on fixed and isolated bases. These visuals highlight the practical 
benefits of base isolators, contributing to increased seismic resilience and safety in Albanian 
constructions.  

Keywords: Seismic Innovation, Base Isolation, Resilient Albania, Tirana Case Study, 
Structural Safety, Earthquake Protection. 

1. INTRODUCTION  

Albania is part of the Alpine-Mediterranean seismic belt. The most vulnerable areas are 
primarily the Albanian coastline, and the second-risk zone is the Leskovik-Korçë-Pogradec 
area, while the third zone is considered to be Lushnje-Elbasan-Peshkopi. Such distribution 
seems to be related to the geological and tectonic structure of our territory. According to 
assessments, with a probability of 75%, Albania is affected by an earthquake every year with a 
magnitude not exceeding 4.7 on the Richter scale, once every 50 years by an earthquake with a 
magnitude no greater than 6.1, and once every 100 years by an earthquake with a magnitude 
not exceeding 6.4.   

Since 1905, Albania has been struck by 7 destructive earthquakes, which caused more than 200 
fatalities, and left nearly 10,000 people homeless. Although seismic provisions have been 
implemented in the country around the fifties, the poor enforcement of seismic regulations and 
inappropriate construction practices led to a large portion of the building stock vulnerable to 
earthquake shaking. 

 



 

177 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

The  
 

Figure 1. Seismic hazard map of Albania 
 

Acceleration (PGA), reflecting variations in ground shaking intensity during earthquakes for a 
475-year return period. This visual guide assists in identifying seismic hazards for effective, 
long-term earthquake-resistant design considerations. 
 

2. BASE ISOLATORS EXPLANATION  
2.1. The purpose of base isolators 

A base isolation system is a method of seismic protection where the structure (superstructure) 
is separated from the base (foundation or substructure). By separating the structure from its 
base, the amount of energy that is transferred to the superstructure during an earthquake is 
reduced significantly.  
These base isolation systems often tend to include one or more types of bearing to support the 
weight of the structure. Some examples of these components are elastomeric pads, sliding 
plates, or inverted pendulums. All of these components can provide some level of energy 
dissipation, but typically only in the form of hysteretic damping. Hysteretic damping has certain 
limitations in terms of energy absorption and can excite higher modes in some cases. 

 
2.2.      The working principle of base isolators 

The base isolator works similarly to the car suspension, which allows a car to travel over rough 
ground without the one sitting in the car being thrown out. The Base Isolation system decouples 
the structure from the horizontal components of ground motion by interposing a low horizontal 
stiffness structural element between the structure and the foundation. Thus, by applying this 
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isolation system the fundamental frequency of structure becomes much lower than the 
frequency of fixed base structure and predominant frequency of ground motion.     

Figure 2. Fixed Base vs Isolated base 

During an earthquake, a building can move a significant amount of mm, therefore there must 
be the way for movement during an earthquake. This base isolation technology makes a medium 
rise building or a reinforced concrete structure to withstand the earthquake and protecting the 
occupants and the structure. Isolator reduces the energy of the structure, and it is also used to 
decrease the earthquake energy (E) acting on the structure.  
E=E (k)+ E (s)+ E(h)+ E(v), where E is energy induced by seismic shaking, E(k) is the 
kinematic energy, E(s) is the elastic strain, E(h) is the hysteric damping energy, E(v) is the 
viscous damping energy. 

 
2.3.    Types of base isolators 

Seismic Base Isolators are categorized into two types: Elastomeric bearings and Frictional 
Pendulum bearings, also known as Sliding Isolator bearings. These types are further divided 
based on the materials used and the intricate design into elastomeric and frictional pendulum 
bearings. 
 
2.3.1. Elastomeric bearings  

Elastomeric bearings consist of steel plates that are bonded to the rubber through the 
vulcanization process and thus increase the resistance of the bearing to vertical load. 
 

2.3.2 Frictional Pendulum  

Friction pendulum bearings are made up of dense chrome over steel concave or flat surface in 
contact with an articulate friction slider which are free to slide during lateral displacement.  

 

3. THE FIRST BUILDING WITH BASE ISOLATORS IN TIRANA 

The structure falls within the category of residential and service-oriented civil constructions, 
assigned an importance coefficient of '1'. The load-bearing structure is composed of a dual-
system reinforced concrete skeleton. The building, as depicted in the front view, showcases an 
irregular plan shape. It comprises two basement levels designated for car parking, two above-
ground floors for service spaces, and 6-7 subsequent floors dedicated to residential purposes. 
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This visual representation provides a comprehensive overview of the building's design and 
functionality.  

In the given scenario, the project was initially planned as a fixed-base structure. However, when 
the decision was made by the investors to proceed with an isolated structure, construction had 
already reached the "-2" level. As a result, the selection of the isolation system was constrained 
by these circumstances. The friction pendulum system was considered the most suitable option 
due to its minimal space requirements for installation, ease of maintenance, and cost -
effectiveness. This would mark the first instance in Albania of a multi-story structure with 
isolation. 

 

Figure 3. Front facade of the building 

 
Figure 4. Building’s Planimetry 

 
3.1 Load Calculations  

We determine loads based on European standards EC‐2 (UNI ENV 19921‐1) and EC‐8 (UNI 
ENV 1998‐1‐1 - EN 1998‐1:2004). Initial slab sizing involves monolithic plates, 15cm thick 
for residential floors and 20cm for service floors. Calculation programs generate loads on 
beams, columns, and walls from their dimensions. Initial dimensions are estimated roughly. We 
also specify the types of layers and masonry. Using this information, we calculate loads 
accordingly. 

Dead loads 
In residential floors: 

• Slab: Surface load with a value of gslab=4 kN/m2. 
• Layers: Surface load with glayers=1.5 kN/m2. 
• Walls: Surface load with gw=2.5 kN/m2. 

In parking levels and shops: 
• Slab: Surface load with gsl=5 kN/m2. 
• Layers: Surface load with gl=1.5 kN/m2. 
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• Walls: Surface load with gw=3.5 kN/m2. 
In outdoor areas: 

• Slab: Surface load with gsl=7.5 kN/m2. 
• Filling: Surface load with gl=12 kN/m2. 

 
Temporary loads: 

• For apartments: Surface load with pa=2 kN/m2. 
• Shops: Surface load with gm=4 kN/m2. 

Outdoor space: Surface load with gm=10 kN/m2. 
 
The static loads in a base-isolated building are the same as those in a traditional building. The 
only differences lie in the surfaces of the isolation system. The floor slab of each story has a 
significant self-weight due to the required stiffness. 
A quadratic linear plate element will be used for the foundation slab, which also accounts for 
deformations due to compressive forces along the plate's direction vector. This element consists 
of four nodes with six degrees of freedom each. 
Beam-column elements will be modeled using linear elongated elements with two nodes, each 
with six degrees of freedom, to ensure compatibility between the adjacent elements. 
 

 
Table 1. Load Combinations 

 

 
Table 2. Modes of vibrations for a structure with a fixed base. 

 

 
 

Table 3. The absolute and relative 
displacements in each DCON3 story for the 

fixed-base structure. 
 

Table 4. The absolute and relative 
displacements in each DCON4 story for the 

fixed-base structure. 
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Table 5. Internal forces of DCON3 
 

 
Figure 5. Shear Force DCON3-Fixed  Figure 6. Bending Moment DCON3
Based  

 
 

                           
       Figure 6. Torsional Moments DCON-3     
 

                       

          Figure 7. Absolute Displacement 
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3.3 Seismic response of the isolated system  

Seismic response of the isolated system refers to how a structure equipped with seismic 
isolation systems reacts or responds to seismic forces during an earthquake. Seismic isolation 
systems are designed to mitigate the transmission of earthquake-induced forces from the ground 
to the structure, thereby reducing the structural damage and protecting occupants and contents. 
 
 

                        
 
Table 6. Relative and absolute displacement 
for DCON-3 

Table 7. Internal forces for DCON-3 

  
  

 
Figure 8. Shear Force DCON-3 Isolated Base     Figure 9. Bending moments DCON-3 Isolated Base 
 

 
Figure 10. Maximum displacements
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As the two shear force diagrams were presented side by side, a notable contrast emerged 
between the fixed base and isolated base configurations. Remarkably, the isolated base 
configuration revealed a reduction of approximately 18 percent in shear force compared to its 
fixed counterpart. This observation underscores the efficacy of base isolation techniques in 
diminishing seismic forces and fortifying structural resilience. 
 

4. CONCLUSION 

To address seismic challenges in building structures, we have two options: sticking with the 
traditional fixed-base method or opting for seismic isolation. For buildings of medium height, 
like multi-story structures, seismic isolation offers clear advantages. It's a smarter choice for 
several reasons: 
- It reduces overall horizontal seismic forces, as demonstrated by our case study, which showed 
an 18% decrease. 
- Isolated structures experience greater displacement compared to fixed-base ones, but this 
remains within acceptable limits during intense shaking. 
- Deformations in isolated structures are lower than in fixed-base counterparts. 
- Occupants feel safer and more comfortable during seismic events. 
- It prevents damage to both structural and non-structural elements, leading to lower repair 
costs. 
- Isolated structures are better at handling low-frequency earthquakes. 
 
These benefits underscore the effectiveness of seismic isolation in bolstering structural 
resilience and seismic safety, making it a preferable option for earthquake-resistant building 
design. 
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This paper presents an extensive comparative analysis of design methodologies for glulam 
structures, encompassing Finite Element Analysis (FEA), specialized software applications, 
and simplified analytical formulations. Glued laminated timber (glulam) constructions have 
surged in popularity due to their sustainability and structural efficacy. The Finite Element 
Method (FEM) offers a detailed and versatile approach, allowing for intricate modeling of 
glulam structures and comprehensive analysis of their behavior under various loading 
conditions. However, its implementation requires substantial computational resources and 
specialized expertise. Conversely, specialized software tools provide a more user-friendly and 
streamlined approach to glulam design, offering pre-defined templates and automated 
processes for structural analysis and optimization. While these tools may sacrifice some level 
of flexibility and precision compared to FEM, they offer significant advantages in terms of 
efficiency and ease of use. Additionally, approximate analytical formulations offer a simplified 
yet expedient means of estimating key design parameters for glulam structures. These 
expressions, often derived from empirical relationships or design codes, provide quick 
estimations of structural capacities and member sizes, making them particularly useful for 
preliminary design stages or rapid assessments. Through a series of case studies and 
comparisons, this study aims to elucidate the strengths and weaknesses of each design 
methodology, providing engineers and designers with valuable insights to guide their decision-
making process. By understanding the trade-offs inherent in each approach, practitioners can 
make informed choices to achieve optimal and efficient glulam structure designs. 

Keywords: Glued laminated timber (glulam), Structural design, Comparative analysis, Finite 
Element Method (FEM). 

1. INTRODUCTION   

A glulam structure represents a harmonious fusion of strength, efficiency, and versatility.  At 
the heart of every glulam structure lies a careful balance between form and function. Glulam 
beams are engineered using advanced computational models and rigorous analysis techniques 
to ensure they meet stringent performance requirements while achieving the desired 
architectural aesthetic. The laminated layers of timber are carefully selected and bonded 
together with high-strength adhesives to create a composite material that is stronger and more 
dimensionally stable than solid wood. 
 
The topic of this paper is to analyze the structure of a 18m span glulam arch structure, with a 
height of 5.5m. The main beams are located every 8m.  
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Figure 20. Cross section of the structure 

 

 

 
Figure 21. Front view of structure 

The loads taken into consideration for this structure are Dead Load, Live Load (Category H) 
according to SK-EN-1991-1-1 ( )20.40kq kN m= , snow according to SK-EN-1991-1-4 

( )21.20ks kN m= and wind loads according to SK-EN-1991-1-3. Load combinations are 
established in accordance with Eurocode 0. 
 

2. MATERIALS AND METHODS 

Glulam (also known as glued laminated timber, laminated wood, glulam beam, or classic 
glulam) is a composite material with more uniform distribution and higher values of 
mechanical characteristics than wood. Thin laminates are arranged so that the grain is generally 
parallel; they are glued together with structural adhesives that are rigid and durable, water 
resistant, and resistant to humidity, temperature, and biological factors. Laminated construction 
elements are industrial construction elements characterized by a high degree of prefabrication. 
Glulam is one of the lightest construction materials. Moreover, due to its outstanding elastic 
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and mechanical characteristics it can be used for production of individual beams and columns 
as well as for large-span planar and spatial construction. For this structure it was used GL 32C 
based on SK-EN 1995-1-1. 

 
1.1 Glued laminated structure design based on SK-EN 1995-1-1. 

According to Eurocode the structure should satisfy the Ultimate Limit State and 
Serviceability Limit State criteria. 

 
4.1.1. Ultimate Limit State  

For a member in tension parallel to the grain, the following expression shall be satisfied.  

,0, ,0,t d t df   (1) 

where: 
,0,t d is the design tensile stress along the grain, 

,0,t df is the design tensile strength along the grain. 
 
For a member in compression parallel to the grain, the following expression shall be satisfied.  

,0, ,0,c d c df   (2) 

where: 
,0,c d  is the design compressive stress along the grain, 

,0,c df  is the design compressive strength along the grain. 
 
For a member in compression perpendicular to the grain, the following expression shall be 
satisfied.  

,90, ,90 ,90,c d c c dk f    (3) 

where: 
,90,c d  is the design compressive stress in the effective contact area perpendicular to the grain,  

,90,c df  is the design compressive load perpendicular to the grain, 

,90ck    is a factor taken into account the load configuration, the possibility of splitting and the 
degree of compressive deformation 
 
For a member in bending, the following expression shall be satisfied.  

, , , ,

, , , ,

1m y d m z d
m

m y d m z d

k
f f

 
+    (5) 

, , , ,

, , , ,

1m y d m z d
m

m y d m z d

k
f f

 
 +   (6) 

where: 
, ,m y d  and , ,m z d  are the design bending stresses about the principal axes. 

, ,m y df  and , ,m z df  are the corresponding design bending strengths. 
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The value of the factor should be taken as follows: For solid timber, glued laminated timber 
and LVL: for rectangular sections 0.7mk = for other cross-sections: 1.0mk = . 
 

4.1.2. SLS 

The Serviceability Limit State (SLS) is a crucial concept in structural engineering, particularly 
within the framework of design codes such as the Eurocodes. It pertains to the conditions under 
which a structure must remain functional and comfortable for its intended use, without causing 
undue distress or discomfort to its occupants. Unlike the Ultimate Limit State (ULS), which 
focuses on the maximum strength of a structure and its components to avoid collapse, the SLS 
concerns itself with aspects that ensure the structure is fit for use and durable over its intended 
life span. 
Key considerations under the SLS include: 

Deflections: Ensuring that deflections in structural members are within acceptable 
limits so as not to impair the structure’s integrity or functionality. Excessive deflection can lead 
to damage in non-structural elements, such as partitions or finishes, and can also be visually 
disturbing and cause concern to occupants. 

,net fin inst creep c fin cw w w w w w= + − = −  (5) 

Vibrations: Structures must be designed to avoid uncomfortable or harmful vibrations, 
which can arise from human activities, machinery, or environmental forces like wind. 
Excessive vibrations can lead to a perception of instability and discomfort for occupants.  

 
2.1.7. Design based on Robot Structural Software 

The same structure that was calculated with numerical equations, was also analysed using 
FINITE ELEMENT METHOD using Robot Structural software. Robot Structural Analysis is 
a software package used for structural analysis and design in engineering. It works by utilizing 
finite element analysis (FEA) techniques to simulate the behavior of structures under various 
loads and conditions. Users input the geometric and material properties of the structure, along 
with the applied loads and boundary conditions. The software then discretizes the structure into 
finite elements, applies the appropriate mathematical equations to each element to calculate 
stresses, strains, and deformations, and finally combines these results to provide 
comprehensive insights into the structural performance. Additionally, Robot Structural 
Analysis includes features for code-based design, allowing users to verify designs against 
relevant building codes and standards. 
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Figure 22. 3D Structure in Robot  

 

3. RESULTS AND DISCUSSION 

After analysing the structure using both ways we achieved the following results:  
 
Both numerical methods and Finite Element Method (FEM) share commonalities in their 
fundamental approach to solving engineering problems, therefore we obtained similar results. 
Primary beam was loaded in bending with compressive force. Purlins were loaded in biaxial 
bending. Secondary beam was loaded from the purlins as a concentrated load even though we 
used same section for architectural purposes.  
 

 
Figure 23. Algorithm of Design procedure 
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The dimensioning of the elements has been done in accordance with the expressions presented 
above, where the resulting outcomes have been very anticipated and closely aligned, both with 
the initial assumptions as well as with the two analyzed methods. The primary effect in the 
analysis was due to buckling and lateral deflection of the arch element. 
 

 
Figure 24. Usage ratio per elements 

Table 9. Maximal usage ration per elements  

  
Purlins Secondary 

beam 

Primary 
beam 
(arch) 

Bracings 

Numerical 0.251 0,804 0.605 0.420 
FEM 0,278 0,772 0.671 0.548 

     
 

 
Figure 25. Secondary beam usage ratio 
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4. CONCLUSION 

In conclusion, the comparative analysis between numerical methods and Finite Element 
Method (FEM) approaches in the design of glulam structures reveals a striking similarity in 
outcomes. Despite the intrinsic differences in their procedural frameworks and computation 
intricacies, both methodologies have demonstrated remarkable consistency in the results 
obtained for the structural design of glulam assemblies. This convergence underscores the 
reliability, robustness, and complementary nature of both strategies in navigating the complex 
engineering challenges posed by such constructions. The numerical method, with its direct and 
often simplified approach, offers an intuitive understanding of structural behavior, making it a 
valuable tool for preliminary assessments and educational purposes. On the other hand, the 
FEM provides a more detailed and nuanced insight into the structural responses under various 
loading conditions, thanks to its ability to model complex geometries and material  
heterogeneities with greater precision. The near-identical performance predictions by both 
methods not only validate their individual effectiveness but also highlight their potential for 
synergistic application in the engineering workflow. By leveraging the strengths of both 
numerical and FEM analyses, engineers can achieve a more comprehensive and reliable design 
process for glulam structures, ensuring structural efficiency, economy, and safety. This 
alignment of outcomes from both methodologies reinforces the confidence in modern 
engineering practices and paves the way for innovative architectural achievements with glulam 
technology. 
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This research focuses on the membrane and bending behavior of plates and shells, employing 
a Finite Element Method (FEM) approach with a primary focus on the Form Finding concept. 
The study begins by presenting general information about shells, encompassing their 
fundamental characteristics, geometrical considerations, and the exploration of diverse shapes 
in shell structures, providing insights into their behavior. Another aspect of this study is the 
Concept of Form Finding, where the exploration of shapes and structural configurations takes 
center stage. The application of Form Finding in the context of FEM is explored, emphasizing 
its significance in optimizing the structural performance of shell structures. Furthermore, it 
discussed distribution of forces on shell structures, employing both analytical and numerical 
methods using SAP2000 software under various loading conditions. In essence, this research 
provides a holistic exploration of membrane and bending behavior in plates and shells, 
emphasizing the Form Finding concept. The integration of analytical and numerical methods, 
particularly with SAP2000, enhances the understanding of force distribution, contributing 
valuable insights to the optimization of shell structures in practical applications. 
 
 
Keywords: Finite Elements, Membrane Behavior, Bending Behavior, Form Finding, Shell 
Structures. 
 

1. INTRODUCTION  

Plates and shells are initially flat and curved surface structures, respectively, whose thicknesses 
are slight compared to their other dimensions. Plates may be classified into three groups: thin 
plates with small deflections, thin plates with large deflections, and thick plates. According to 
the criterion often applied to define a thin plate (for purposes of technical calculations), the 
ratio of the thickness to the smaller span length should be less than 1/20. Ascertaining the 
distribution of stress and displacement for a plate subject to a given set of forces requires 
consideration of the basic principles, pertaining to certain physical laws, material properties, 
geometry, and surface forces. These conditions are used to solve the bending problems of plates 
in the paper to follow.  
The fundamental assumptions of the classical or the Kirchoff theory for elastic, thin plates are 
based on the geometry of deformations. They may be stated as follows:  

1. The deflection of the midsurface is small compared with the thickness of the plate. The 
slope of the deflected surface is therefore very small, and the square of the slope is a negligible 
quantity in comparison with unity.  

2. The midplane remains unstrained subsequent to bending.  
3. Plane sections (mn) initially normal to the midsurface remain plane and normal to that 

surface after the bending. This means that the vertical shear strains γxz and γyz are negligible. 
The deflection of the plate is thus associated principally with bending strains. It is deduced, 
therefore, that the normal stain oz. resulting from transverse loading may also be omitted.  
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 4. The stress normal to the midplane, σz, is small compared with the other stress 
components and may be neglected. This supposition becomes unreliable in the vicinity of 
highly concentrated transverse loads. 
Curved surface structures are termed thin shells, to describe the shape of a shell, we need only 
know the geometry of the midsurface and the thickness of the shell at each point. Shells of 
technical significance are often defined as thin when the ratio of thickness t to radius curvature 
r is equal to or less than 1/20. For thin shells of practical importance, this ratio may be 1/1000 
or smaller. 
The major thin-shell structures include concrete shell structures, often cast as a dome, bridge, 
or saddle roof; lattice shell structures, so-called gridshell structures, usually in the form of a 
dome or hyperboloid structure; membrane or fabric structures and other tensile structures, cable 
domes, and pneumatic structures. The thin-walled shell structures have more strength with 
respect to their self-weight and high stiffness, they are gaining in popularity in areas where 
there is risk of earthquake and hurricane. The analysis of shell-like structures often embraces 
two distinct, commonly applied theories. The first of these, the membrane theory, usually 
applies to a rather large part of the entire shell. A membrane, either flat or curved, is identified 
as a body of the same shape as a plate or shell but incapable of conveying moments or shear 
forces. In other words, a membrane is a 2D analog of a flexible string with the exception that 
it can resist compression. The second, the bending theory or general theory, includes the effects 
of bending. Thus, it permits the treatment of discontinuities in the stress distribution taking 
place in a limited region in the vicinity of a load or structural discontinuity. However, 
information relative to shell membrane stresses is usually of much greater practical significance 
than the knowledge of the bending stresses. The former are also far simpler to calculate.  

 

2. CONCEPT OF FORM FINDING 
2.1.Form finding models. 

In the design of shell structure configurations, the external loads, internal forces and 
displacements of the structure must be considered simultaneously in three dimensions. The 
sustainable approach for the shaping of those continuous surface systems is by the application 
of form-finding techniques. For a long time, the form-finding was exclusively done through 
construction of the precise scale physical models. Those physical experiments remain 
important and useful medium of the design exploration in the early stage of the design process 
and education, facilitating architects to be directly included in the design process of surface 
structures. The application of physical models was suppressed by the development of the 
computational analyses, especially using finite element analysis (FEA). Computational form-
finding tools usually simulate behavior of physical models, striving to overcome restrictions of 
manual experiments by the application of more efficient, reliable, and precise computational 
simulations.  

Independently from the applied medium, the form-finding can be used for conceiving and 
testing of design solution, comprehension of load transfer, estimation of the stresses and 
deformations. The form-finding is an iterative process in which structurally rational forms are 
obtained through incremental adjustments of form, forces, supports, material, thickness, etc. 
2.1.1. Inverted models 

Form-finding processes are commonly based on: – principle of the inverted hanging model and 
– concept of stress control. Both principles could be realized by physical and computational 
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tools. The forms of the first thin shells built in the beginning of the XX century are realized 
mainly by the application of the simple geometric shapes (spheres, cylinders, parabolic shapes, 
hyperbolic paraboloids, rotational hyperboloids, etc.) and known relations between span and 
curvatures. Although development of lightweight structures in certain way stimulated 
engineers to investigate, the application of the simple forms was partly due to the fact that the 
calculations could be only conducted for the analytically defined geometries. However, those 
geometries cannot provide exclusively membrane state of stress, causing the need to introduce 
additional elements such as edge beams, diverse kind of stiffeners, prestressing, etc.  
The hanging models are based on the specific behavior of catenary, which were applied for the 
design of the concrete shells from the middle of the XX century. They are used in the simulation 
of hanging structures, which shape emerges as a response to the magnitude and the position of 
the forces acting on them. Contrary to the common procedure in which a structure is determined 
for the previously defined shape the inverted hanging model procedure implies that: assigning 
several geometric parameters such as span, height, load and desirable stress and displacement 
constraints, initiates finding of the natural equilibrium shape. Shells achieve the stiffness only 
if their form provides membrane state of stress that is in an equilibrium with the external forces.  
For example, the chain hanged between two points loaded by the concentrated force in the 
middle position will take “V” shape, while under the equally distributed load it will take 
parabolic shape. While the hanged chain represents tensioned element, an arch obtained by the 
inversion represents a compression structure. Placing chains in two directions results in a cable 
net that approximates surface, and its inversion gives vaults and shells. In these systems the 
impact of the self-weight does not cause banding, influencing efficient use of the material and 
facilitating application of thin structural elements, frequently without the need for pre-stressing 
(Figure 1). 

 
Figure 26. Illustration of the principle of the inverted hanging model 

 

3. DISTRIBUTION OF FORCES 

The first problem overviews the so-called hoop force Nθ and the meridional force Nφ which 
are distributed on the spherical shell and are analysed with the equations below. The initial 
geometry of the shell is a spherical shell with a radius of 10m, thicknes t=0.2m C30/37 and 
loaded with the distributed force q=10kN/𝑚2. 
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q=10kN/𝑚2 

 

 

 

 

 

 

 

 
Figure 2. Spherical shell  

                                                                                                                          

(1) 

 

 (2) 

 
The same problem is analysed with the software SAP2000 modeled with finite elements, and 
the analytical results compared to those from the software are almost identical. 

Figure 3. Spherical shell analysed with SAP2000 

𝑁𝜑 = −
1

𝑟2 sin2 𝜑
∫ 𝑟1𝑟0(𝑍 cos 𝜑 + 𝑌 sin 𝜑) 𝑑𝜑 + 𝐶൨ 

𝑁𝜃 = −𝑁𝜑

𝑟2

𝑟1

− 𝑍𝑟2 
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The other example is another spherical shell analysed with SAP2000 which has a radius 
of 8m and a thicknes of t=0.2 and material C30/37 and an opening in the top. The problem is 
analysed only frome the dead load of the sphere and the bending and membrane behavior are 
ilustrated below.  

 
 

` Figure 4. Membrane behavior  

 
Figure 5. Bending behavior 
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The membrane theory cannot, in all instances, provide solutions compatible with the actual 
conditions of deformation. This theory also fails to predict the state of stress at the boundaries 
and in certain other areas of the shell. These shortcomings are avoided by application of 
bending theory, considering membrane forces, shear forces, and moments to act on the shell 
structure. 
 

4. CONCEPT OF FORM FINDING ILUSTRATED WITH SAP2000 

Based on information of the structural performances the objective of the form-finding process 
is to find the satisfactory shape through the process of the modification of the initial geometry. 
The initial geometry in this experiment is a 20m square flat plate. The thickness of the plate is 
15 cm. The initial geometry is modeled using finite elements in both directions of the plate.  
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Figure 6. Variant forms obtained by application of the inverted displacement principle 
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5. CONCLUSION 

In conclusion, the study of bending and membrane behavior in plates and shells is essential for 
understanding how these structures deform and respond to external forces. Bending behavior 
involves the flexure of a structure due to applied loads, while membrane behavior focuses on 
the distribution of stresses within the surface. Together, these phenomena play a critical role in 
the design and analysis of various engineering structures, from buildings to aerospace 
components, ensuring their safety, efficiency, and durability. 
On the other hand, computational form-finding experiments represent a useful tool that 
supports designs in the conceptual phase and the medium of communication between architects 
and engineers in the collaborative process. By mimicking natural processes or employing 
computational algorithms, form finding enables the creation of elegant, structurally optimized 
shapes that minimize material usage and maximize performance. 
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This research is about extension of an automated computational design process, by bridging 
the gap between initial spatial planning and detailed CAD drafting. Here we introduce an 
approach to transform Graphical User Interface (GUI) generated layouts into precise CAD 
drawings. The method is illustrated through proposing an algorithm which develops the 
executable code-lines for the implementation of AutoCAD scripting automation for 
architectural plan layouts. The implementation is done using environment of Python software 
in PyCharm editor. The automation is categorized into various drawing stages taking into 
account all possible drafting details. This is done to perform a professional output as close as 
possible to a manual drawn plan by a human. In the end of this study, it is presented the final 
output of the prepared algorithm. In addition, the accuracy of the final drawing and 
computational time are evaluated. 
 
Keywords: Architectural Design Optimization, AutoCAD Scripting, Spatial Layout, 
Generative Design, Python Programming Language 
 
 

1. INTRODUCTION 
 
In contemporary architectural practice, the shift from conceptual drawings to detailed drafting 
represents a critical stage in the design process. Professional designers often face challenges 
during this transition, including the considerable time consumption and the potential for errors 
inherent in manual drafting methods. This phase requires attention as professional designers 
attempt to embody their visionary concepts within concrete, CAD-based blueprints pivotal for 
guiding construction. 

Addressing the importance for efficiency and accuracy in architectural design workflows, 
recent studies have explored various approaches to automate the generation of architectural 
plans [1, 2, 3, 4, 5]. However, many of these efforts have focused primarily on generating 
automated plans from scratch, neglecting the potential for using existing graphical user 
interface (GUI) layouts. This oversight identifies a gap within current research, prompting an 
approach of translating GUI-generated layouts directly into CAD drawings. 

This research study develops an AutoCAD script that provides a streamlined solution to the 
time-consuming task of drafting architectural plans. The scripting methodology proposed 
enhances the efficiency and accuracy in the design process, allowing architects to devote more 
time to creative exploration and problem-solving. Contrary to initiating designs from scratch, 
the proposed approach capitalizes on the preliminary spatial configurations conceived through 
GUI interactions, ensuring the preservation of the original conceptual essence whilst 
facilitating an automated transition to CAD drafts. 

The essence of the study focusses on the use of AutoCAD scripting to facilitate the translation 
of GUI layouts into precise CAD drawings. AutoCAD scripting offers a flexible and efficient 
means of automating repetitive tasks within the AutoCAD environment [6]. To develop scripts 
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in AutoCAD, a simple text editor like Notepad [7] or an advanced Auto LISP editor like Visual 
LISP can be used. Once the script is generated, it can be seamlessly integrated into the 
AutoCAD workflow, either through the "SCRIPT" command or by directly dragging and 
dropping the script file into the workspace.  

 
2. MATERIALS AND METHODS 

 
2.1.AutoCAD Scripting Definition 

AutoCAD scripting represents a fundamental aspect of automating tasks within the AutoCAD 
environment, offering users the ability to streamline repetitive processes and enhance 
productivity. At its core, AutoCAD scripting involves the generation of custom scripts, which 
are essentially sequences of commands that instruct AutoCAD to perform specific actions. 
These scripts can range from simple tasks like drawing geometric shapes to more complex 
operations such as generating architectural plans or performing advanced analysis. 

One of the main advantages of AutoCAD automation is its ability to reduce the manual effort 
required to execute repetitive tasks. By encapsulating sequences of commands into reusable 
scripts, users can eliminate the need to manually execute each step of a process, saving 
significant time and effort. This is particularly beneficial in architectural design, where tasks 
as drawing floor plans, elevations, and sections often involve repetitive actions that can be 
automated through scripting. 

Moreover, AutoCAD scripting empowers users to customize their design workflows according 
to their specific needs and preferences. By making custom scripts tailored to their unique 
requirements, architects can optimize their design processes, improve efficiency, and maintain 
consistency across projects. 

 
2.2.Basic Scripting Concepts 

In AutoCAD scripting, commands serve as the primary mechanism for instructing the software 
to perform specific actions. A command in AutoCAD is essentially a predefined function that 
executes a particular operation, such as drawing a line, inserting a block, or setting a layer. 
Understanding how commands work is essential for generating effective scripts to automate 
tasks within AutoCAD. 

When scripting with Notepad, the procedure consists of writing a sequence of commands in a 
plain text file and saved using “.scr” extension. Each command is written on a separate line 
and may be preceded by an optional comment that begins with a semicolon (;). 
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Figure 27: Script preparation in Notepad 

As shown in figure 1, the script begins with a few comments followed by the “Circle” 
command, which activates the circle function in AutoCAD by specifying its center coordinate 
at point (0,0) and radius 5 units. 

Commands in AutoCAD scripts can include parameters that specify additional information 
required for the command to execute correctly. For instance, the LINE command accepts two 
sets of coordinates to define the start and end points of the line. Parameters are typically 
separated by commas or spaces, depending on the command syntax. 

By mastering the use of commands in AutoCAD scripts, users can generate powerful 
automation tools to streamline their design workflows. Whether it's generating complex 
geometries, modifying existing drawings, or performing batch operations, commands are the 
building blocks of efficient scripting in AutoCAD. 

 
2.3.Preparing CAD Environment 

Before scripting architectural plans in AutoCAD, it's crucial to ensure that the CAD 
environment is properly configured to facilitate smooth execution of scripts. Following this, all 
groups or layers are cleared to ensure that the script runs smoothly when updating the new 
drawing. The "purge" command is used to clean out any unnecessary elements from the 
drawing file. Once the workspace is emptied, it is ready to begin the new design in the 
AutoCAD software. This preparation of the work environment establishes a clean basis for the 
next design layout. 

 
2.4.Recalling sets of drawings 

One of the main challenges while automating the AutoCAD drawings is to understand the 
difference between scripting and manual tasks. The commands such as “Click”, “Select” are 
very crucial but yet difficult to be automated unless the right procedure has been utilized. 
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Therefore, the selection of multiple and separate drawings may be needed in specific cases. To 
achieve this task, the procedure of grouping is used in our methodology. Hence, each of the 
objects which is supposed to be recalled later is assigned to a group-name thus making possible 
the selection and any possible modification of that specific set of drawings. 

 
2.5.Categorization of drawings into layers 

The usage of multiple layers in AutoCAD generally is a well-known process to keep the 
drawings organized. Nevertheless, for the automation procedure, we will implement the 
utilization of layer categorization also to avoid possible errors. It has been observed that in 
some cases the script will fail to run successfully due to overloaded drawings in the working 
space [8]. To eliminate this issue, once a category of drawings is finalized, the script will 
automatically keep all layers turned off except the one which is under execution. This method 
is seen as a good solution approach to fix this problem. 

 
2.6.Styling 

For accomplishing a good yet professional architectural plan, it is needed to adopt the CAD 
automations as much as possible to match human drawings. The set of properties such as color, 
transparency, hatch, line weight, and line types are essential to make the difference. 
Accordingly, the script prepared for this task has specific code lines to handle with this process 
according to user preferences. 

 
2.7.Implementation of Automation 

Writing lines of codes for AutoCAD scripting means in simple words replicating various 
AutoCAD commands by following sets of rules and constraints. However, this would still be 
a very tedious and time-consuming procedure to be done manually. Therefore, the entire script 
steps are prepared in the environment of Python programming language [9] using the PyCharm 
editor [10]. 

 
3. ANALYSES AND TEST 

The configuration of the entire procedure is divided by architectural plan categories presented 
as follows so the script can be tested and analyzed in various functions. 

 
3.1.  Outer and Inner Walls 
As the coordinates and parameters and previously defined by another stage, it is important to 
adopt and convert these coordinates and parameters into real drawings inline with architectural 
code of aesthetic. As shown in figure 2, the outer and inner walls are drawn by considering 
multiple steps. For instance, the first step is to adopt the coordinates for the external line of the 
outer wall. Further, the internal line is implemented by utilizing the offset command in 
AutoCAD by the script. Later hatch is applied to the area between the lines which are selected 
by using the utilities of recalling using group name. 
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Figure 28: Sequential execution of commands to script the drawing stage of outer and inner walls 

 
Simultaneously the code is modified and tested for the inner walls drawing as shown in the 
figure above. 

 
 

3.2.  Doors and Windows 
The drawing of doors and windows takes into account more complex methods compared to 
outer and inner walls. We have configured our algorithm to consider various preferences from 
user/architect for the implementation of this stage. As the need to have different designs of 
these objects, script integration is utilized based on template drawings. For this task, the script 
gets sets of groups predesigned and allocates them into the corresponding location of 
coordinates. Figure 3 demonstrated the example of allocating windows into the plan. 
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Figure 29: Representation of calculated coordinates for the arrangement of the window block 

 
On the other hand, the doors need to be analysed in more details. The location and point of 
reference must be associated with correct orientation of each of the doors depending in the 
direction of the rooms. As shown in Figure 4, among eight ways of door orientation, only one 
would be acceptable. In this way, the algorithm decides automatically which must be used in 
any room orientation of the plan layout. 

 

Figure 30: Possible orientations of the door for the first corner in one room 
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3.3.  Furniture 
Indeed, the most challenging stage of AutoCAD automation for the method we are proposing 
is the drawing phase of furniture and properly allocating them into each of the rooms of the 
plan. It is crucial to recognize that each room have a different set of furniture. Moreover, the 
allocation of the furniture must be set carefully in each side of the room. The mirroring is also 
an important step to be considered in the constrains of the algorithm, so the furniture doesn’t 
face the wall but the room space. Additionally, the location of some furniture (for example 
garderobe or refrigerator) cannot be in the same side of room where the window is placed 
whereas some of them (for example sofa) can be flexible. 

 

 
Figure 31: Sample of a part of the matrix used for the definition of rules and constraints for furniture 

and doors. 

 
Therefore, we have configured the algorithm in a sophisticated way to accept each of the 
furniture based on a matric of constrains. The matric is one for the fundamental elements of 
the algorithm for a proper allocation of drawings. Simultaneously, the scaling must be set 
accordingly to match the variable width of the space/room. Figure 5 illustrates this step in more 
details. 

 
3.4.  Dimensions and Template 
Generation of the dimensions is done based on various calculations. Each of the external wall 
coordinate is initially filtered and ordered. Additionally, the style of the dimensions is saved in 
the algorithm as default value which can be customized by the user/architect anytime. As 
shown in Figure 6 (left), the dimensions are demonstrated in the left side of the plan. Similarly, 
dimensions in the other side of the plan are generated by the script and assigned in dimension 
layer. 
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Figure 6: (In the left) illustration of the dimensions, (In the right) Demonstration of the arrangement 

of the template 

 
The concluding part of the algorithm relies on the drawing of the plan template which must 
enclose the entire plan in addition to the margins as shown in figure 6, right. 
 

4. RESULTS AND CONCLUSIONS 
 

The script is finally saved as hundreds of code and command lines from our algorithm. 
Additionally, it can be imported from AutoCAD or simply access the drag and drop facility of 
the software. As shown in Figure 7, the final result is free of errors and mistakes. Every single 
category of drawing is allocated in its corresponding location. The doors and windows are 
oriented properly while each of the furniture is scaled and aligned based on the space 
dimensions. 

 

 
Figure 7: Finalized version of the AutoCAD drawing 

 
In cases when multiple furniture is to be aligned next to each other, it is shown that there is no 
overlapping or gap in between them. This is another step to confirm the accuracy of the 
automated drawing when triggered properly. 
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The methodology on the algorithm presented in this study shows an excellent example of 
implementation for the AutoCAD drawing automations when thousands of plans are to be 
prepared in just a fraction of time. From the output of this study, the entire drawing is prepared 
in about 0.3 seconds. Such examples are proposed as a powerful tool for architects to facilitate 
the accuracy of drawings and acceleration of the drafting stage. 
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The silent struggle of mental, physical, and emotional health  in the 
construction industry 

 
 Fjona Ferati, Marin Malotaj, Ibiana Muça, Mateo Qyra 
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The construction industry plays a crucial role in the development and functioning of societies. 
Based on this, it faces a variety of challenges, which can be attributed to a combination of 
internal and external factors. One of these factors, which often is not paid attention to, is related 
to health issues. While focusing on getting the work done, physical and mental wellness is left 
behind. As we all know, working in a dynamic environment such as construction, is physically 
demanding. Safety risks, long hours or weather conditions leave their mark on workers’ well-
being. In Albania, workers face a heightened risk of injuries daily, primarily attributed to 
inadequate safety management practices at their workplaces. Despite meticulous 
documentation of each accident, minimal actions with limited effectiveness are undertaken to 
enhance the safety of the workers. This paper aims to identify the risks faced, their 
consequences and strategies or recommendations to improve this situation. To achieve the 
objectives of this study, a survey was developed and distributed among workers and employees. 
The collected data was analysed, and the results were used to enhance health and safety of 
workers.  Building itself is undoubtedly challenging, but do not health and happiness pose an 
even greater challenge? Setting the stigma aside, can we attribute these health issues to a lack 
of awareness or limited access to opportunities? 
 
Keywords: Health and safety, Workers, Statistics, Challenges, Construction Industry, Well-
Being. 
 

1. INTRODUCTION  

The construction industry plays a crucial role in the progressing and functioning of societies. 
In recent years, the country’s economy has taken a development boost from the construction 
field, influencing directly or indirectly. According to INSTAT, the construction industry in the 
fourth quarter of 2023 contributed to the GDP growth by 1.28% compared to the same quarter 
of the previous year, with the construction industry itself experiencing a growth of 10.8% 
during this period.[1] Indirectly, the construction industry helps in evolving other economical 
key sectors, for example in 2023 alone, 59 building permits were issued for hotels and similar 
facilities, predicting an increase of up to 82,000 square meters of serviceable space by the 
tourism sector and beyond.[2] 
Construction can indeed drive economic growth by creating jobs, stimulating demand for 
materials and services, and attracting investment. The population employed in this field is 
considerable, circa 8.1% of employed states’ population (Table 1). The significance of 
employment is more noticeable in the male gender where more than 15% of men in Albania 
work in construction, whereas less than 1% of women are involved in this sector.  [3] 

Table 10. Employment structure by economic activity in % (INSTAT,2021)  

Economic activity 2020 2021 
Total (number) 1,243,343 1,248,749 
Agriculture 36,1 33,8 
Manufacturing 11,2 11,2 
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Construction 7,0 8,1 
Mining and quarrying, Electricity, gas and water supply  2,3 2,6 

Trade, transportation, Accommodation and food and business 
and administrative services, Public Administration, community  

27,2 26,6 

Social and other services and activities  16,2 17,7 
 

The amount of money earned has made people selfish but not in a good way, the possession of 
wealth has had a detrimental effect on their behavior or attitudes. By prioritizing the economy, 
both employers and employees often overlook the most important thing: health. While focusing 
on getting the work done, physical and mental wellness is left behind.  
In Albania, policies and measures to ensure health and safety in the construction sector are 
minimal and often only emerge after significant incidents. Compared to European countries, 
this approach is negligible and excludes a long-term perspective for addressing fundamental 
issues. In this study, we have chosen a personal approach by interviewing individuals involved 
in this industry through three surveys conducted last month. 
Working in the construction industry is physically demanding, making this field one that 
requires individuals to be in good physical condition and capable of enduring long hours of 
labor in various weather conditions. When workers put their well-being in a secondary plan, it 
is easier for them to be harmed at work. Below, we will narrate a specific instance through the 
confession of a construction worker with 20 years of experience interviewed by us (we will not 
include the name for privacy reasons). X: “While I was handling the concrete pump, as it is 
known, it gets a bit heavy especially at the 10th hour of work. I was attempting to navigate 
through the tied rebars and prepare to pour concrete into the 80 cm foundation slab for a 
seven-story building. In my rush, despite having done this many times before, my foot slipped, 
and I ended up caught between the bars, sustaining fractures and bruises. It seems fatigue takes 
its toll at this age; oh, if only I were 20 again...”  

2. MATERIALS AND METHODS 
2.1.Economic statistics 

For this paper, we used INSTAT (Institute of Statistics in Albana) to get information for 
economic situation related to construction industry.  

 
2.2.Survey statistics. 

We visited several construction sites and design offices after using Google Forms to create 
three different surveys to gather insights, respectively: 
“KANTIER 1” (On Site 1), used for the construction workers. 50 workers were interviewed, 
mostly aged 40+ years old.  
“KANTIER 2” (On Site 2), used for the on site engineers. 30 engineers were interviewed, 
mostly aged 21-29 years old. 
“ZYRA 1” (Office 1), used for the office engineers. 30 engineers were interviewed, mostly 
aged 21-29 years old.  

3. RESULTS AND DISCUSSION 

In Albania, workers face a heightened risk of injuries on a daily basis, primarily attributed to 
inadequate safety management practices at their workplaces. The workers' thirds do not 
recognize the Health and Safety Engineer at the construction site where they work. (Table 2). 
Meanwhile, 36.6% of on-site engineers have not done more than 3 technical training sessions 
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during their careers, where 30% have never done one. (Table 3) This result comes as a 
consequence of justifications such as: "workers don't need such things because they have 
experience", which is immediately contradicted by the result of "Office 1", which shows us 
that only 33.3% of office engineers are trained before entering the construction site (Table 4).  

Table 2. Q: Do you know the HSE at the site where you work? 

 
Table 3. Q: Have you ever done technical training for workers? If so, how often? 

 

Table 4. Q: Have you participated in any technical training before entering a construction site? 

 

In reality, there is a paradoxical situation regarding the use of PPE. According to surveys, the 
main equipment such as helmets, construction boots, vests, and gloves are almost always 
present.  

Table 5. Which of these PPE do you use? 
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However, it appears that the equipment does not directly contribute to reducing the injuries 
suffered at work, as even workers who use this PPE still experience injuries such as sprains, 
muscle strains, injuries from falls, and various fractures. 

Table 6. What are the injuries that happened to you?   

 
From all three surveys, it has been observed that both engineers and workers visit the doctor 
quite significantly in the Albanian reality. However, the stigma of neglecting self-care becomes 
apparent when it comes to visiting a psychologist. Combining the results of all three surveys, 
the outcome is alarming; only 1 out of 10 respondents have had a session with a psychologist. 
Only from the comments received regarding questions about how happy they feel at work:  
     “Happy, sometimes disappointed”,  
    “Routine with good moments and not so good ones” 
    “Sometimes I feel tired and unmotivated to work”, the need for counseling is clearly vital.  
The lack of expressing problems to qualified individuals or even to acquaintances themselves 
leads to a passive approach towards them. By not voicing them out, people may think the 
problem will go away on its own. Often, they seek solace in temporary calming ways, but with 
problematic consequences for their future. In Albanian culture, tobacco is known as the best 
companion, unfortunately, our survey supports this wise saying. Increasing the dose of nicotine 
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and caffeine when involved in the construction industry seems inevitable. Extended hours are 
a burden for achieving an objective and subjective balance between work, family, and society.  
Neglecting social life outside the workplace affects emotional and psychological well -being. 
Very few construction workers have met new people outside the construction site in recent 
months, and the same goes for engineers, whose social circle narrows only to colleagues even 
though they are at a fairly young age. All these combined lead to maximum degradation where 
almost 100% of the surveyed participants suffer from stress and anxiety. 
Studies conducted worldwide show a direct link between the desire to go to work and mental 
well-being [4]. In Albania, salary plays a crucial role in this aspect, where in the question "Are 
you satisfied with the job you do and the salary you receive for i t?", a drastic percentage 
respond with "no". Also, in the question "Have you considered changing profession?", a high 
percentage answer "yes". The situation changes only for experienced engineers, who are more 
satisfied with their work and express that they would encourage their children to follow the 
same path as them. The difference stemming from the pay is clearly depicted through the 
comparison of the charts below. 

 
Table 7a) b). How would you recommend your child the profession you practice? 

a)   Engineers                                                                         b)    Construction workers        

 

4. CONCLUSION 

Construction is one of the most challenging fields where people can work, and changing 
employees' mindsets to ensure safety on the construction site is equally difficult. Through our 
survey, we found out that the use of hardware equipment alone is insufficient if there is not a 
conscious effort through frequent, serious, and honest instructions.  

 
We conclude that emotional and mental problems stem more from a lack of awareness than 
from a lack of opportunities. Regardless of status or income, we see that the majority of 
respondents answer the question about their most recent family activity in the same way; rarely, 
indicating to us that this is a subconscious choice. To be concerned is facing the harsh reality 
that the majority of surveyed parents have no idea what their children's preferred food is… 

 
To improve the situation, there is no need for complex strategies to be undertaken, but rather 
simple actions such as conducting similar surveys to ours or having honest conversations. 
Carefully implemented responses could completely change the situation. Based on the 
responses from our surveys:  

“Implementing flexible working hours and reduced schedules”,  
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“Ensuring payment is made on time and in line with the service provided”,  
“Respecting clear limitations on working hours specified in the contract would lead to 

improvement. This would enable a better balance between work and life”. 
 

Acknowledging mental health concerns within the construction sector is imperative. 
Companies must prioritize the well-being of their employees by establishing a nurturing work 
atmosphere, ensuring accessibility to mental health support services, and advocating for 
policies that encourage a harmonious balance between work and personal life. Through these 
endeavors, organizations can empower their workforce to effectively manage mental health 
challenges, leading to a more thriving and efficient work environment.  
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This research paper presents a comprehensive comparative analysis of building projects pre 
and post the adoption of Building Information Modeling (BIM) in Albania. The study aims to 
shed light on the transformative impacts of BIM on architecture, engineering, and construction 
processes by examining a diverse range of buildings. Through rigorous evaluation of 
efficiency, accuracy, and overall effectiveness, this research compares BIM against traditional 
methods prevalent in design and construction phases. Moreover, a survey among 100 Albanian 
engineers is conducted to gauge their proficiency in various BIM software packages. The 
objectives of this study include identifying and analyzing differences in project outcomes, 
efficiency, and design quality between traditionally designed buildings and those leveraging 
BIM. Additionally, the research evaluates the advantages of BIM in project management, 
stakeholder collaboration, and sustainable design practices. Furthermore, potential 
disadvantages or challenges associated with BIM implementation are identified, including 
barriers to adoption and learning curves. This paper contributes to the growing body of 
knowledge on BIM's impact on the built environment and offers insights for practitioners, 
policymakers, and educators seeking to optimize building project workflows in Albania and 
beyond. 

 
Keywords: Building Information Modeling (BIM), Construction Efficiency, Design Accuracy, 
BIM Adoption Challenges, Sustainable Design Practices. 

1. INTRODUCTION  

The evolution of civil engineering practices, particularly in Albania, has seen a significant shift 
from traditional drafting tables to digital models, primarily through the adoption of Building 
Information Modeling (BIM). This shift has not only revolutionized the way buildings are 
designed and constructed but has also brought about a need to assess the impacts of such 
technological advancements on the industry. This study focuses on comparing the traditional 
methods of civil engineering with the contemporary BIM approaches to understand the benefits 
and challenges associated with the transition. 

2. MATERIALS AND METHODS 

2.1   Building Information Modeling (BIM): 
 

2.1.1 What is BIM? 
 

Building Information Modeling (BIM) is a digital representation of the physical and functional 
characteristics of places. It's a process supported by various tools, technologies, and contracts 
involving the generation and management of digital representations of physical and functional 
characteristics of places. This process facilitates the exchange and compatibility of information 
in digital format. In civil engineering, BIM is particularly valuable as it allows for integrated 
planning, design, construction, and management of buildings and infrastructure projects. 

 
2.1.2 How BIM was founded in Civil Engineering? 
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The roots of BIM in civil engineering and construction date back to the 1970s and 1980s with 
the development of computer-aided design (CAD) systems, but it significantly evolved in the 
late 1990s and early 2000s. The term "Building Information Model" was first used by Autodesk 
in the early 2000s, and it marked the beginning of a significant shift towards more integrated 
planning and project management approaches in the construction industry. Before this point, 
digital tools were primarily used for drafting and did not facilitate the integrated, collaborative 
approach that BIM embodies. 
BIM's foundation in civil engineering is largely attributed to its ability to streamline the project 
lifecycle, reduce information loss, and facilitate collaboration among all project stakeholders. 
By using BIM, engineers, architects, contractors, and clients can all access the same 
information, ensuring that everyone is working from the most current design. This helps in 
identifying potential issues early in the design phase, which can reduce costly changes and 
delays during construction. 
The adoption of BIM in civil engineering and construction has been driven by its potential to 
save time and costs, improve safety, and enhance the quality of the built environment. 
Governments around the world have recognized these benefits, with some mandating the use 
of BIM for publicly funded projects, further cementing its importance in the industry. 
The foundational principles of BIM in civil engineering revolve around the creation and use of 
coordinated, consistent digital information models throughout the entire lifecycle of a project. 
This lifecycle management approach is what sets BIM apart from traditional CAD systems and 
has established it as a cornerstone of modern civil engineering and construction practices.  

 
2.2 Civil engineering before and after BIM: 

 

• Design Process: 

          Before BIM: Traditional design involved 2D drawings and manual calculations. 
After BIM: Designers use 3D models for visualization, clash detection, and coordination. 

 
• Collaboration: 

Before BIM: Communication relied heavily on paper drawings and physical meetings. 
After BIM: Collaboration is streamlined through centralized digital models accessible to all 
stakeholders, reducing errors and misunderstandings. 

 
• Clash Detection: 

Before BIM: Clash detection was manual and time-consuming, often leading to conflicts during 
construction. 
After BIM: BIM software allows for automated clash detection, resolving conflicts virtually 
before construction begins. 
 

• Quantity Takeoff and Cost Estimation: 
Before BIM: Estimating quantities and costs involved manual measurement from drawings. 
After BIM: BIM software provides accurate quantity takeoff and cost estimation directly from 
the model, saving time and reducing errors. 
 

• Facility Management: 
Before BIM: Facility management relied on paper-based documentation and manual updates. 
After BIM: BIM models serve as a comprehensive database for facility management, providing 
real-time information on maintenance schedules, asset management, and space utilization. 
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• Communication with Clients: 

Before BIM: Clients had limited understanding of design intent until construction was well 
underway. 
After BIM: Clients can visualize projects in detail through 3D models, enhancing 
communication and understanding of design proposals. 
 

• Risk Management: 
Before BIM: Identifying and mitigating risks relied heavily on experience and intuition of the 
engineers. 
After BIM: BIM facilitates risk management through virtual simulations, allowing engineers 
to identify and address potential issues before construction begins. 
 

• Buildings in Tirana: 
 
Before BIM:  
After BIM: 

2. RESULTS AND DISCUSSION 

Building Information Modeling (BIM) has transformed the civil engineering industry, 
offering numerous advantages over traditional methods. This comparison outlines the key 
benefits before and after the adoption of BIM in civil engineering. 

 

Before BIM: 
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• Engineers had more time to think and work for the design of the project. They weren’t 

rushed to do it in a short period of time like today. 
• Visualization was challenging, so engineeres developed strong spatial reasoning skills. 
• Every part of the project were checked by engineers hand to hand, making them more 

prepared and more knowledgeable than engineers today. 
• Before BIM, collaboration and coordination were more reliant on face-to-face 

communication, which may have fostered stronger personal connections among team 
members. 

 
 
After BIM: 
 

• BIM brings numerous benefits, including enhanced visualization, improved 
collaboration, and reduced errors. 

• The ability to detect clashes early in the design phase saves time and money. 
• BIM facilitates better communication with clients and stakeholders, leading to 

increased satisfaction and clearer project understanding. 
• The integration of sustainability analysis within the design process promotes 

environmentally responsible construction. 
• BIM provides realistic 3D models, enabling better visualization and understanding of 

the project for all involved parties. 
 

3. CONCLUSION 

Overall, while traditional methods had their strengths, the advantages brought by BIM in terms 
of efficiency, accuracy, and collaboration often make it the preferred choice for modern civil 
engineering projects. BIM's ability to streamline processes, minimize errors, and improve 
project outcomes suggests that, in many cases, the benefits of adopting BIM outweigh any 
advantages associated with traditional methods. But if we talk about engineers they were better 
before BIM, because they had to check every little detail of the building themselves, there were 
no softwares to check it for them. Their intuition and visualization were also stronger, because 
they had to visualize the building before it began without the help of today’s BIM softwares 
where you can see inside the building at any moment and time at high precision. 
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Aurela Xhelili, Ledi Bello  

Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania  

Buildings are composed of various structure elements such as footings, columns, beams, slabs, 
and walls. Each of these structural members play a certain role against loads in a structure. Slab 
is an important structural element and requires a large amount of concrete. For this reason, we 
want to reduce weight without affecting the slab function. The U-BOOT Technology is the 
ideal solution to create a large span slab and to accommodate heavy loads. This technology 
provides a reduced quantity of concrete and steel. U-BOOT is a recycled polypropylene 
formwork technology used for construction purposes, which means it is environmentally green 
and economic. In Albania, this technology was used for the first time in residential villas 
located in Mullet, Tirana. After this successful application, U-BOOT will be an important part 
of construction in Albania.  

 
 

Keywords: U-BOOT, Construction, Slab, Concrete, Load, Economic.  
 

1. INTRODUCTION  

 
U-boot technology comes to 2001 when Robert-II Grande, an Italian engineer, developed and 
patented a new system of hollow former to reduce transport vehicles. This is a new technology 
that has been in operation since 2002. 
It is a form of recycled polypropylene that can be used to to construct two-way slab, large span 
slab, and mushroom slab and raft foundation in RCC structure. U-boot concrete is an easy 
solution to many problems in laying slabs and laying foundations where the ground layer 
capacity is very low. It creates lighter economical design for structure. 
It is suitable for high rise building, hospitals and parking management, residential, industrial 
buildings, and also residential villas which we are representing in this project.   

 

2. MATERIALS AND METHODS 
2.1.Production, Dimensions and Transportation/Installation. 

This new technology is produced with recycled plastic material resulting from plastic scrap 
post-consumer and industrial waste. The use of recycle materials saves a lot of emissions, just 
think that for every kilogram of recycle plastic save 1.5 kg of CO2. 
Objects of various lengths can be loaded into sandwiches that lift two or more basic items. 
There are two different kinds of U-Boot: 

1. A single boot is frequently used while laying reinforced slabs. 
2. A double boot is used when constructing double-reinforced slabs. 

According to both kinds, the available sizes are: 
• Single:16,20,25,30 cm (height) 
• Double:32,36,40,41,45,46,50,55,60 cm (height) 
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The U-Boot formwork is 52cm x 52cm in size and is structured in the shape of a drunken 
pyramid. 

 
Figure 1. Transportation method for U-Boot. 

 
The product “does not fear the weather” and can be stored outside. Take the utmost care to 
prevent the product from being deformed or overstressed during the unloading, storage and 
assembly. In case of disposal the product is totally recyclable. 
 
The installation process: 
The components of the U-Boot are the connecting bridge, spacer joint, and lock plate. The 
spacer joint is used to attach two or more U-buttons when adjusting to the shutter, so that the 
distance between the spaces of the U-boot concrete can be adjusted, to fix the position of U-
Boot during construction to maintain the rigid interconnection that ensure perfect geometric 
compliance with design as well as bearing capacity of formwork. 
The lock plate is used to close the U boot concrete box which can withstand the flow of concrete 
in the box. A connecting bridge is required to connect the two concrete pieces’ length wherever 
necessary to increase the length of the concrete. 
In our case, instead of using lock plates we tried to use black plastic wrapping, for the same 
purpose and for economic reasons. This operation resulted successful.  
 
Construction process of U-Boot: 

• Formwork                                                         (a) 
• Placing of the lower layer of reinforcement     (b) 
• Placing of U-Boot shells                                  (c) 
• Placing of upper layer of reinforcement          (d) 
• Concreting                                                       (e) 
• Curing                                                              (f) 

 
➢ Normal formwork is laid to this type of U-boot technology,steel or wood formwork 

is used. 
➢ After the formwork,we lay the lower layer of reinforcement bar.This reinforcement 

design is based on the two way slab. 
➢ U-Boot is now placed above the first layer of reinforcement, joined with the help of 

spacer joint for proper bonding.If we use single U-Boot then closing plate is 
necessary,so the concrete may not get into U-boot. 
Thanks to the conic elevator foot, the U-Boot Beton formworks will be lifted from the 
surface, making it possible for the lower slab to be formed. If double or triple 
elements are used, these elements must first be assembled. 
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➢ Place the upper layer of reinforcement in two directions as per design and make sure 
the U-Boots are at the right position joined with help of spacer joint, as well as the 
reinforcement for shear and punching where necessary, according to the design. 

➢ The concrete casting must be performed in two phases so that the U-Boot-s may not 
float: 
1. An initial layer will be cast to fill a thickness equal to the height of the elevator 

foot. Casting will continue for this first portion of the slab until the concrete starts 
to set and become semi fluid. 

2. Once suitably set, the casting can be restarted from the starting point, completely 
burying the U-Boot® Concrete.  

➢ The casting is then levelled and smoothed in a traditional manner. 
➢ In most of the cases,there is an extra step after placing the U-Boot-s: “Triangular 

reinforcement”. 
The concrete mass between the U-Boot shells can work as a beam by this reinforcement. 

     
 

               
  

(a)                                           (b)                                              (c)            
                              

         
               (d)                                  (e)                                   (f)                         

Figure 2. Schematics of U-Boot. 

2.2.Advantages and disadvantages 

Advantages: 
1. The weight of the concrete is reduced up to 40%, which reduces deformation, load on 

foundation as well as the section of the columns. 
2. Absence of beam because of its flexibility span up to 20m, as well as reduces the number 

of columns. 
3. It is anti-seismic as it reduces seismic mass. 
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4. It is economical due to the possibility of big spans without beam, it saves tremendous 
amount of concrete. 

5. Increases number of floors. 
6. Reduced slab thickness. 
7. Reduced foundations- less deep foundation excavation. 
8. Improved acoustic behavior. 
9. Environmentally green and sustainable. 

10. Due to the high durability of the U-boot material, the structure provides the same amount 
of volume. 

11. Polypropylene material, because the melting point of polypropylene is 145 °C the structure 
is generally heat-resistant and fire-resistant. Can't catch the fireside so easily. 

Disadvantages: 

1. Since it is an emerging technology, there may be a labor problem. 
2. It is not available in all countries; it is available only in some countries. 
3. Though the intermediate beams are reduced, the construction cost rises because the cost of 

a u-boot is too high. 

3. RESULTS AND DISCUSSION 

3.1. U-Boot slab behavior 
a) Bending – The bending strength of U-Boot slabs was investigated in laboratory tests 

using various slab depths and void former sizes. The bending behaviour has been proved to be 
comparable with the one of solid slabs.  

b) Stiffness – The void formers in U-Boot slab reduce its stiffness compared with solid 
flat slabs.  

c) Shear – According to current standards, calculation of the shear strength for traditional 
one – way spanning hollow core slabs is based on the smallest available web width of a hollow 
cross section. With such criteria used for two-way spanning voided slabs, the resulting shear 
strength for U-Boot flat slab would only be about 10 % of the shear strength of a solid flat slab 
with same thickness.  

d) Punching – Due to shear force limitations areas with high shear force concentration 
such as around columns heads are to be executed without U-Boot cage modules. The critical 
perimeters that are relevant for the punching shear design are located within these solid areas. 
The punching shear considerations in these areas are therefore as for solid flat slabs. It is 
recommended to explicitly verify that the determining perimeter for punching is located inside 
the solid zone as shown on Figure 3. Should this not be the case, the solid zone has to be 
increased accordingly. The reduced dead weight of the U-Boot flat slab decreases the column 
reactions and allows optimizing the necessary amount of punching reinforcement. 
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Figure 3. U-Boot slab behavior. 

4. CONCLUSION 

• By using this technology, we can save more concrete and steel by that structure is more 
economical for us. 

• Less use of iron in the slabs, pillars, and foundation up to a total of 15%. 
• There are anti-seismic advantages connected to reduced building weight slimmer pillars 

and foundations, there is low chance of seismic effect on the buildings. 
Because the structural behavior of this new kind of monolithic flat slab is the same as for solid 
slab, excluding slab-edge column connection, we surely can talk appropriateness of use and 
advantages of the new technology. 
This technology is very prospective in modern construction and perhaps the future of civil 
engineering belongs to this new kind of hollow slab. 
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In the dynamic field of construction project management, the interplay between time 
programming and cost control is of paramount importance. Time programming, a systematic 
approach to scheduling tasks and activities, often visualized through tools such as Gantt charts, 
serves as the backbone of project execution. It provides a clear roadmap for the project, 
facilitating efficient resource allocation and timely completion of tasks. On the other hand, cost 
control is a strategic process that involves monitoring, analyzing, and adjusting project costs to 
prevent budget overruns and ensure financial viability. The correlation between time and cost, 
often referred to as the time-cost trade-off, is a fundamental concept in project management. It 
suggests that any change in the project’s timeline will have a direct impact on the project’s cost 
and vice versa. This paper examines the intricate relationship between time programming and 
cost control in construction projects. It explores how effective time programming can aid in 
cost control by ensuring efficient resource utilization and preventing costly delays. Vice versa, 
also discusses how diligent cost control can inform time programming, leading to more 
accurate and realistic schedules. The paper draws on recent research and case studies to 
illustrate these concepts, providing valuable insights for construction project managers, 
stakeholders, and researchers.  

 
Keywords: Project Management, Timely Completion, Monitoring Cost, Resource Allocation, 
Realistic Schedules, Financial Viability.INTRODUCTION 
Construction projects are undoubtedly some of the most complex projects, spread throughout 
a number of stakeholders and require meticulous coordination and planning to ensure 
successful completion. Duration, Cost and Quality are the essential triad upon which, it’s 
ultimately decided on whether the project was successful or not. The importance of time and 
cost control in construction projects cannot be overstated. 

Delays and budget overruns not only compromise the project at hand, but also incur financial 
and reputational damage for the stakeholders. Adequate planning and time programming along 
with correct resource allocation and proactive monitoring, ensures that such issues are 
mitigated throughout the project duration. 

The purpose of this paper is to introduce and give deeper insight into the time and cost 
management, and the possibility of maneuvering with one or the other element to reach desired 
results in our construction projects.  

1. PLANNING AND TIME PROGRAMMING 
According to A Guide to the Project Management Body of Knowledge (PMBOK, 6th ed.), a 
project is a temporary endeavor undertaken to create a unique product, service, or result.  

In the case of construction projects, it is the organized effort, taken to design and build entities 
that include but are not limited to residential buildings, highways, dams, railways, water 
treatment plants, etc. that serve the owner in a plethora of ways starting from the basic needs 
such as safe living, water supply, transportation, communication and so on. 
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What is planning? 

Planning, according to psychology is the process of mental time travel, or more simply put, the 
ability to think further in time. 

Planning is an essential part of any project; it enables project managers to turn an intangible 
idea into reality. Planning primarily deals with selecting the adequate method and procedures 
needed to achieve the objectives of a project.  

It is a foundation for several related functions, such as cost estimating, scheduling, project 
control, quality control, safety management, etc. 

Planning lays out the basics of a project, including scope definition, resource allocation, 
stakeholder involvement, and risk management. 

The questions answered in the planning phase are: What needs to be accomplished? and, How 
will it be accomplished? 

What is time programming? 

Time programming or construction scheduling on the other hand takes what has already been 
laid out in the plan and puts it in a time perspective. 

To do this, we must first break the project down into smaller, more manageable units of work, 
to each of which, we will assign necessary resources such as labor, materials, and equipment.  

Through scheduling, we determine the time necessary to complete each unit of work and the 
sequence in which these work units will progress, for the project to be completed on time. 

The questions answered in the scheduling phase are: When will each work unit be performed? 
and, In what sequence should each work unit be completed? 

A time program will contain activity sequencing, resource allocation, duration estimation, 
baseline schedule, critical path analysis, and progress tracking. 

Why do we schedule projects? 

Project scheduling is of great interest to all parties involved, but most imperative to the executor 
of works - The Contractor, and the investor - The Owner. 

For the Contractor, it highlights the necessity to: 

 Establish the project completion date, 
 Determine the start and end of every specific activity, 
 Coordinate material procurements and subcontractors, 
 Predict and calculate the cash flow, 
 Serve as a monitoring tool, 
 Evaluate the effect of Variation Orders, 
 Keep track of delays, and offer proof for rightful compensation. 

For the Owner, it highlights the necessity to: 

 Establish the Owner’s idea of the project’s completion date, 
 Ensure proper planning and keep track of the Contractor’s planning, 
 Calculate and predict cash flow, 
 Have a progress monitoring tool, 
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 Evaluate the effect of Variation Orders 
 Provide proof of delay events and their impact, for rightful compensation. 

2. GANTT CHARTS 
Gantt or bar charts are simple project scheduling charts developed in 1917 by mechanical 
engineer Henry Gantt. PMI (PMI, 2017) defines it as “a graphic display of schedule-related 
information. In the typical bar chart, schedule activities or work breakdown structure 
components are listed down the left side, dates are shown across the top, and activity durations 
are shown as date-placed horizontal bars.” 

As previously mentioned, before doing any scheduling, similarly, before creating a bar chart, 
we should break down the project into small work units which we will define as tasks or 
activities. There is no correct way of breaking down a project, every project is unique therefore 
every breakdown will be unique. 

The preliminary breakdown can be as detailed as deemed necessary by the scheduler. The level 
of detail required in the schedule is predicated on the level of control needed to manage the 
project. 

While each project manager may have their own special way of developing a task list, there 
are a few general considerations that may be helpful: 

 Too much detail can be too complicated and intimidating to the participants, who will, in 
turn, ignore it altogether. 

 With too little detail, tasks are omitted. Vague schedules cannot be used as a management 
tool. 

 More detail is required at extremely critical stages or sequences. 
 Tasks that lead to a milestone should be detailed so nothing is omitted that might prevent 

the milestone from occurring. 
 Tasks that are performed by owners, inspectors, and design team members should also be 

listed. 
3.1. Task Durations 

Each bar in the chart will represent a task or activity that will take its place in a coordinate 
system where the Y axis represents time. 

Duration is simply defined as the time necessary to complete a task. It’s the difference between 
the start and end date, which as a standard practice, is measured in workdays. 

Task duration can be calculated through the Labor-Hour Productivity method. This method is 
based on the amount of work, that, a hired team of workers can perform in a workday. 

For example, if the task at hand is building a masonry wall of 6sqm, and the team of workers 
can perform 0.5sqm of wall in one hour (this is determined through labor norms). The duration 
of the activity would be: 

Total quantity of labor hours: TLH =(6sqm/0.5sqm)*1h =12h 

Let's assume that daily labor hours are LH = 6h/day 

Duration of activity: D =TLH/LH =12h/6h =2 days 

This method of calculating allows flexibility in changing the duration of activities by 
concentrating more workforce. 
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3.2. Advantages and Disadvantages of Gantt charts 

Advantages: 

 Simplicity: The biggest advantage of Gantt charts is their simplicity. The clear visual 
representation they provide is easily read by any party at a glance. 

 Progress tracking: Allowing stakeholders to identify potential problems and delays waiting 
to happen. 

 Flexibility: They offer easy modification and updating to accommodate eventual changes 
in scope, timelines, resources, etc. 

Disadvantages: 

 Gantt charts’ strong and weak point is simplicity. It is rarely used in large projects because 
it becomes too complex and difficult to follow. 

 Dependencies: They oversimplify the dependencies between tasks, rendering an 
inadequate representation of interrelationships between tasks. 

  Overemphasis on time: The primary focus of these charts is time, leaving little space in 
including resource constraints, quality, or budget considerations, for the accommodation 
of which, separate charts need to be created. 

New technologies such as Primavera, or MS Project have minimized or even eliminated some 
of the disadvantages of bar charts by enabling the user to organize, filter, roll up, summarize, 
or do almost anything to dynamically customize bar charts. 

3. RESOURCE ALLOCATION 
In project management, the term resources is used to indicate three main categories: labor 
(human), equipment, and materials. Ultimately, everything is translated into a monetary 
quantity that is financial resources. 

4.1.Labor 

Labor can be classified into the following subcategories: 

1. Salaried staff: Salaried staff such as project managers, superintendents, project engineers, 
and secretaries usually get paid an assigned salary for the duration of the project or their 
assignment. Their salaries usually count as part of the company’s indirect expenses (overhead), 
not as labor. 

2. Hourly workers:  These workers are hired to perform a specific task or activity that 
contributes directly to the project and they are usually paid for actual hours worked. 

Examples include carpenters, masons, plumbers, ironworkers, electricians, foremen, and so on.  

From a cost estimating perspective, labor includes only the second category, while the first 
category employees are considered overhead (indirect expenses). 

4.2.Equipment and Materials 

Equipment and materials also can be further classified into two subcategories:  

1. Construction materials and equipment: Although they are not permanently fixed in the 
project, these materials and equipment are utilized during the construction process. Cranes, 
bulldozers, scrapers, mechanical trowels, heaters, and other tools are examples of construction 
equipment. 
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Inexpensive personal tools are typically handled differently (either as the laborer's personal 
property or as a lump sum payment for all items). Scaffolding and formwork materials are two 
examples of construction materials. 

2. Installed materials and equipment: After a project is finished, these materials and equipment 
remain there permanently. Heat pumps, emergency power generators (which are typically built 
in hospitals, industrial projects, and certain other projects), cul inary equipment, and other 
specialized equipment in industrial projects are a few examples of installed equipment.  

Concrete, rebar, brick, mortar, insulation, framing wood, paint, roof shingles, floor tile and 
carpet, bathroom accessories, plumbing pipes and fittings, and electrical wiring are a few 
examples of installed materials. While escalators and elevators might be categorized as 
installed materials or installed equipment, they are typically installed by the same vendor and 
are included as subcontractor costs in the estimate. 

The equipment category primarily consists of construction equipment for estimators. Installed 
equipment falls in the materials category. 

A term important in the resource aspect of managing is resource-leveling. Resource dispersion 
fluctuates greatly daily throughout the project. This fluctuation is impractical as it puts the 
Contractor in a position to either utilize the maximum number of resources each work day or 
constantly lay off and rehire workers.  

To avoid this issue, managers group together activities that require the same or similar 
resources, thus limiting the expenses not only in labor but also in rent, fuel, maintenance of 
equipment, and so forth. 

4. COST ESTIMATION AND CONTROL 
There is a cost for every section of the Technical Specifications as well as every work item that 
makes them up. The Estimate Summary is the summary of these expenses. The Estimate 
Summary will serve as the starting point for cost control if the contractor wins the tender and 
is given the project. It is the task and corresponding cost for the task that will represent a line 
in the budget. 
The process of analyzing, estimating, and forecasting project-related expenses is known as cost 

control. Its objective is to reduce such expenses as well as any effects that variations might 
have on cost while the project is underway. Four fundamental components make up project 
cost control: 

1. Establish a baseline as a cost performance metric. 
2. Measure actual costs against the baseline. 
3. Accurately predict variations from the baseline cost. 
4. Take corrective action(s) to minimize or eliminate the deviations. 
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Figure 1. Optimum total project cost [1]. 

5.1.Direct and indirect costs 

A contractor’s main expenses can be broken down into two categories, direct and indirect costs. 

Direct Costs: 

 Labor, specifically hourly workers, for whom a labor expense is directly linked to a 
particular work item, 

 Materials, such as concrete, rebar, bricks, lumber, pipes, granular filling material, drywall, 
carpet, structural steel, and installed equipment, such as elevators, air-conditioning units, 
and kitchen equipment, 

 Equipment, mainly construction equipment (bulldozers, excavators, cranes, concrete 
pumps, etc.) 

 Subcontractors (even though subcontractors’ charges comprise labor, materials, 
equipment, overhead, and possibly sub-subcontractors, the general 
contractor treats these charges as a direct cost) 
 

Indirect Cost: 

 Project overhead, such as the following: 
Project staff, temporary structures, and temporary utilities such as office trailers, cars and 
trucks assigned to the project, office equipment, and so forth. These are only assigned to 
the project. 

 General overhead, main office expenses (rent, maintenance), personnel, equipment and 
vehicles, and services such as lawyers and accountants. 

 Profit, or defined as “return for taking risk”, it’s generally in the range of 5-10% of the 
project. 

 Contingency fees are money allocated to cover unpredictable events. 

5. TIME–COST TRADE-OFF 
The main objective of any project manager is to complete the project in the shortest time 
possible, because essentially, the faster the project is finished, the faster the investment will be 
returned. 
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The project duration though, can only be shortened through an increase of resources, and vice 
versa, the decrease in cost of the project can be achieved through lengthening the project 
duration. This puts the project in a loop that is called the Time-Cost trade-off. 

But why does the direct cost of an activity increase when we shorten its time for completion? 
The reason for this increase can be as simple as personnel working overtime or on the 
weekends, which has to be compensated at a higher rate than the regular working days, this in 
turn shortens the duration of the activity in days. Along the same lines, some ways in which 
the duration of activities can be shortened is: 

 Applying multiple shifts work.  
 Working extended hours (over time).  
 Offering incentive payments to increase productivity.  
 Working on weekends and holidays.  
 Using additional resources.  
 Using materials with faster installation methods.  
 Using alternate construction methods or sequence 

A simple representation of the Time-Cost trade-off can be seen in the graph below where the 
interrelationship between the direct cost of a single isolated activity and its duration is linear.  

For a project manager, the two extremes of the time-cost trade-off are using minimal direct 
cost – normal duration and minimal possible duration – crash duration. 

Time‐Cost Ratio = (Cost(C) − Cost(N))/(Duration(N) – Duration(C) 

Where: 

Cost(C) = crash cost  
Cost(N) = normal cost  
Duration(N) = normal duration expressed in workdays 
Duration(C) = crash duration expressed in workdays 

 
Figure 2. Duration and Direct Cost relationship [1]. 

The linear relationship shown in Figure 2 between these two points implies that any 
intermediate duration could also be chosen. It is possible that some intermediate point may 
represent the ideal or optimal trade-off between time and cost for an activity. 

When ‘crashing’ activities, it is necessary to consider both direct costs and indirect costs. The 
total cost of an activity is the direct cost of an activity plus the indirect cost. Increasing the 
resources allocated for the activity reduces the duration of the activity, but a point is reached 
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where the use of additional resources does not result in any overall savings on the project. This, 
the optimum total project cost, is shown in Figure 1 [1]. 

6. CONCLUSIONS 
No two construction projects are the same, each one is unique and can never be recreated with 
the very same attributes. Planning is essential in turning our engineering ideas into reality, but 
scheduling is what determines the tangible, measurable way, of how the idea will come to life. 

Time programming is an imperative tool for all stakeholders, to be able to establish completion 
dates, coordinate resources, monitor progress, and evaluate the effect of changes in the overall 
duration and cost of the project. 

Gantt charts are a simple yet very functional tool for time programming, even though they have 
their limitations, they are still widely used because of their simplicity and easy-to-read nature. 

The Time-Cost trade-off involves balancing project duration and resources to achieve the most 
efficient outcome, with the possibility of finding an optimal trade-off point between time and 
cost.  

In conclusion, project managers aim to complete projects quickly to ensure a faster return on 
their investment, and utilizing the time-cost trade-off is just one of the many ways through 
which this goal can be achieved. 
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This paper delves into the dynamic interplay between structural integrity and environmental 
sustainability by investigating the effects of partially replacing cement with recycled glass 
powder in concrete formulations. The study employs a comprehensive laboratory 
experimentation approach, systematically evaluating various mechanical, durability, and 
microstructural aspects of concrete mixtures incorporating different proportions of cement 
replaced by finely ground recycled glass powder. The laboratory experiment encompasses an 
array of tests, including but not limited to compressive strength and flexural strength, to discern 
the nuanced impact of recycled glass powder on the fundamental mechanical properties of 
concrete. Through meticulous analysis, the research aims to provide a deeper understanding of 
how these alternative mixtures perform under different loading conditions, shedding light on 
their structural viability in construction applications. Beyond structural considerations, this 
study delves into the environmental implications of incorporating recycled glass in concrete. A 
comprehensive lifecycle analysis is conducted to quantify the environmental benefits, including 
reduced carbon emissions and a diminished reliance on traditional cement production.  By 
elucidating the environmental footprint associated with these mixtures, the research seeks to 
contribute to the broader discourse on sustainable construction practices. The findings from this 
study hold significant implications for the construction engineering community, offering a 
nuanced perspective on the potential of recycled glass powder as a sustainable alternative to 
traditional cement. With a focus on both structural performance and environmental impact, this 
research aims to empower decision-makers in the construction industry to make informed 
choices that align with the principles of circular economy and sustainable development. 

 
 
Keywords: Glass Powder, Concrete Mixtures, Laboratory Investigation, Structural 

Integrity, Eco-Concrete, Environmental Impact.  
 

1. INTRODUCTION 

The imperative to address the environmental impact of the construction industry has prompted 
a scientific exploration into innovative materials and methodologies. This research investigates 
the partial replacement of cement with glass powder in concrete structures, presenting a 
nuanced approach to sustainable construction practices. The intrinsic ubiquity of glass waste 
and its potential as a substitute for cement in Kosovo underscore the regional relevance and 
environmental significance of this inquiry. 

Cement, a cornerstone of traditional concrete formulations, contributes significantly to the 
carbon footprint of the construction industry [1]. As sustainability becomes an increasingly 
critical concern, this study focuses on the strategic replacement of cement with glass powder, 
aiming to unravel the ecological benefits and contribute to the evolving landscape of sustainable 
construction practices. 
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Glass, an abundant and versatile material, presents a complex opportunity for elevating the 
environmental performance of concrete structures [2]. The ample supply of glass waste, often 
relegated to landfills, necessitates a scientific exploration into its utilization as a partial 
replacement for cement. This research not only addresses waste management intricacies but 
also aligns with global endeavors to minimize the environmental footprint inherent in traditional 
concrete production processes. 

In Kosovo, a region endowed with natural resources, the escalating carbon dioxide emissions 
from conventional construction practices pose a formidable challenge to environmental 
sustainability [3]. The imperative to investigate eco-friendly alternatives becomes paramount. 
This research endeavors to fill this scientific gap by rigorously examining the feasibility and 
performance implications of partially replacing cement with glass powder in concrete, 
presenting a cogent contribution to Kosovo's quest for a more sustainable construction industry. 

The laboratory experiments conducted for this study entail a meticulous assessment of various 
material properties, including but not limited to compressive strength, durability, and 
environmental impact, ensuring a robust evaluation of the proposed glass powder substitution 
in concrete mixtures [4]. The integration of glass powder into concrete formulations represents 
not only a departure from traditional practices but also a potential enhancement of structural 
performance while concurrently addressing environmental concerns. 

To anchor our research within the scientific discourse, we critically review the existing 
literature on the environmental impact of conventional building materials [5], the specific 
properties of glass as a cement substitute [6], and the nuanced characteristics of glass powder 
in concrete mixtures [7]. Throughout the introduction, references to authoritative sources are 
meticulously cited, establishing a comprehensive scientific foundation for our investigation and 
positioning it within the broader dialogue on sustainable construction materials. 

 

2. MATERIALS AND METHODS 

2.1.Materials 

2.1.1. Portland Cement  

Portland cement, the fundamental binder in traditional concrete formulations, is central to the 
construction industry due to its exceptional binding properties. However, the production of 
Portland cement is energy-intensive and contributes significantly to carbon dioxide emissions. 
The quest for sustainable construction practices has led to research focusing on alternative 
materials to partially replace Portland cement. Glass powder, derived from recycled glass, 
emerges as a promising candidate for cement replacement due to its pozzolanic properties and 
potential to enhance the environmental performance of concrete. Studies have indicated that 
incorporating glass powder as a partial replacement for Portland cement can lead to improved 
mechanical properties and reduced environmental impact. This research builds upon the 
premise of sustainability in concrete construction by investigating the feasibility and 
performance implications of partially replacing Portland cement with glass powder, aligning 
with the global effort to foster environmentally friendly construction materials [8]. The cement 
type used in this case is CEM I 42.5 N according to standard EN 197-1. Sample of cement and 
glass powder is brought to chemistry faculty laboratory where have been examined and results 
are presented in table below. (Table 1) 
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Table 1. The chemical composition of the pozzolanic cement and glass powder used in this study.  

 

 
 

Figure 1. Graphical interpretation of chemical composition 
    
 

2.1.2. Glass Powder 

The typical industrial glass product used in this study is obtained from clear glass factories. Its 
chemical composition can be observed in (Table 1). The Glass Powder is obtained with a 
process of crushing and dry grinding, followed by a process where the particles are separated 
according to the size required (0.09mm), in this case glass is obtained from a recycling glass 
factory where the powder is sieved and resulted with a passing grading curve presented in 
Figure 2. To be mentioned is the fact of factories that grind glass into particles that are the same 
as cement, not only in the Kosovo industry but also in the Balkan industry. The chemical 
composition of GP determined from laboratory is compared with cement and according to 
European standards (EN 450-1), and ASTM C 618, SiO2 + Al2O3 + FeO3 minimum requirement 
for a standard pozzolana is 70% the results obtained from waste glass samples exceed this 
condition. Minor compounds such as BaO, TiO, MnO are also found in glass samples where 
the amount of individual component was not more than 0.3%. 
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a)     b) 

Figure 2. a) Crushing Process,  
Figure 2. b) Cement vs Glass Powder particle size distribution  

 

 
c.1)          c.2)    c.3) 

 
Figure 2. c.1, c.2, c.3) Preparatory phase of Cement and Glass Powder   

 
 
2.2. Mix Proportion 

2.2.1. Cement Mortar 

Ordinary Portland Cement (CEM I 42.5 N) was replaced by different amounts of glass powder. 
The proportions of the mortar mixture for a set of standard samples are provided in (Table 2) 
according to EN 196-1. In order to analyze the influence of different dosages of glass powder, 
apart from normal samples, three other mortar mixtures were prepared with 10%, 20% and 30% 
GP as replacement of cement. They were prepared with a water to cement ratio of 0.5 and 
cement to sand ratio of 1:3. 

 
Table 2. Mortar mixture proportions. 

 Sand        
(g) 

Cement   
(g) 

Water         
(g) 

GP           
(g) 

Consistency 
(mm) 

CM 1350 450 270 - 110 
CM-GP1 1350 405 270 45 110 
CM-GP2 1350 360 270 90 110 
CM-GP3 1350 315 270 135 110 
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Regarding the curing of specimens, all of them were stored in a humidity chamber, where the 
temperature was maintained constant at 20°C and the relative humidity (RH) was 95%, during 
the first 24h after setting. Once that period finished, the specimens were de-moulded and kept 
immersed in water in optimum laboratory conditions (20°C and 100% RH), up to the 
corresponding testing age. 
 
 
2.2.2. Concrete 

A combined grading of four fractions with nominal size coarse aggregate gradings were used 
with the ratio of 52:16:14:18 percent respectively. Particle size distribution curve combined 
with coarse aggregate by the sieve analysis, result with permissible limits. Similar to cement 
mortar samples the design mix of concrete is conducted by including glass powder as cement 
replacement with ratios of 10%, 20% and 30%. The detailed mix design is provided in (Table 
3). 

Table 3. Mix proportion of concrete 
 Coarse 

aggregate 
(kg) 

Fine 
aggregate   

(kg) 

Cement         
(kg) 

GP                               
(kg) 

Water   
(kg) 

CM 602.3 1280 350 - 157.5 
CM-GP1 602.3 1280 315 35 157.5 
CM-GP2 602.3 1280 280 70 157.5 
CM-GP3 602.3 1280 245 105 157.5 

 
 
 

2.3. Testing Methodology 

2.3.1. Consistency of Cement Mortar and Concrete 

The flow was measured according to EN 1015-3 with a mini slump cone typical for mortar 
examinations, whose internal diameter was 100 mm, on a 250 mm flow table disc. The 
procedure was as follows: the mould was first filled with fresh mortar, and then it was raised 
vertically to extend the mortar on the disc, shaking the flow table 10 times at a constant rate. 
Two perpendicular diameters of the mortar were then measured and recorded. Concrete slump 
test or slump cone test is used to determine the workability or consistency of concrete mix 
prepared at the laboratory during the progress. Concrete slump test is carried out from batch to 
batch to check the influence of glass powder in workability. The slump is carried out as per 
procedures mentioned in ASTM C143 and EN 12350-2.  
 

 
2.3.2. Compressive and Flexural Strength 

Complying with EN 196-1 standard [9], three different prism specimens measuring 4 cm × 4 
cm × 16 cm were tested for each series at 7 and 28 curing days, from which the compressive 
and flexural strengths were obtained. In relation to cement specimens a set of three cubes and 
prisms in each case are tested for compressive and flexural strength in accordance with EN 206-
1. In this research, cube concrete sample with the size of 150x150x150mm and prism samples 
were manufactured by using concrete mixer located at Structural Laboratory, Faculty of Civil 
Engineering. There were nine samples including the control sample were used. Each sample 
has been incorporated with different percentages of glass waste (10%, 20% and 30% of glass 
waste). During batching process, precaution was taken to ensure that the glass powders were 
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blended well in the concrete mixer. The aggregate used in this experiment is the standard one 
which is separated from fraction 1 by sieving process, using the product that passes the 2mm 
sieve and sieved according to percentages through the set of sieves up to 0.08mm sieve. 

 
 

 
 

Figure 3. Cement mortar preparation according to the standards 
 
 

2.3.3. Environmental Consideration 

Recent research has delved into the environmental implications of partially replacing cement 
with glass powder in concrete construction. Studies have indicated potential benefits, such as 
reduced carbon emissions and energy consumption compared to traditional cement production 
methods. The incorporation of glass powder, often derived from recycled glass, aligns with 
sustainable practices by addressing waste management concerns and contributing to a circular 
economy [10, 11]. While promising, the research emphasizes the need for a comprehensive life 
cycle analysis to assess overall environmental impact, considering factors like transportation 
emissions and the chemical composition of the glass powder. These findings contribute to the 
ongoing efforts in the construction industry to adopt more sustainable practices and materials 
[12]. 
 
2.3.3.1. Greenhouse Gasses (GHG) Analysis 

To analyze the CO2 values referent models [13] are used to determine the glass particle size 
corresponding to the 25th, 50th, 75th and 90th percentiles of the particle size, respectively, 
depending on the grinding time. A relation is done between the productions of GP with 
determined fineness module of glass sample used in this research. Equation (1) (which presents 
R2 = 0.963) is used inversely to calculate the approximate grinding time taken to obtain 
particles of the size used in this study. 

 
𝐷90 = −360 lg(lg(𝑡)) + 137.1  …(1) 

 
where D75 is the size (µm) of the opening of the sieve, through which 75% of the sample mass 
passes, and t is the grinding time in minutes. Inversion is proposed to obtain the ratio showed 
in Equation (2). 
 

𝑡 = 1010𝐷 75−137.1

−360     …(2) 
 
The electricity consumption in the process of grinding and segregating the glass is from 3 to 15 
kWh per ton [14]. In order to determine the influence of CO2 emissions on electricity 
production, a comparison was made between the amount of CO2 per ton of GP depending on 
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their emissions per kWh (kgCO2/kWh) and cement where the CO2 emission recorded in the 
ICE Database is considered [15]. For determined cement used in this research, it was considered 
a factor of 0.912 kgCO2/kg and an embodied energy of 4.6 MJ/kg (1277 kWh/ton) [16] in 
comparison to GP where an estimation was made of the energy consumption and the average 
CO2 emissions provided by the OECD [14] per kWh associated with the generation of 
electricity (0.444 kg CO2/KWh). In terms of the GHG and energy consumption, the contribution 
of GP is negligible compared to the cement. 
 
2.3.4. Testing Machine 

For compressive and flexural strength testing, a hydraulic press, designed to apply controlled 
loads until the concrete samples failed, was employed. This machine is crucial for assessing the 
maximum load the concrete can withstand before fracturing, providing a direct measure of its 
structural integrity under compression. For flexural strength assessments, a flexural testing 
machine was used. This apparatus tests the ability of the concrete to bear bending stresses by 
applying a load at a specific rate to the concrete beam until it bends and breaks. The flexural 
test is especially important for understanding how the concrete would perform in practical 
scenarios where bending stresses are common, such as in beams and slabs. These machines are 
integral to the experimental framework as they provide quantitative data that is essential for 
evaluating the suitability of glass powder as a replacement for cement in concrete. Their precise 
measurements help ensure that the findings are reliable and can be used to inform both the 
scientific community and construction industry practices effectively. 

 
Figure 4. Testing machine and procedure 

 

3. RESULTS AND DISCUSSION 

3.1. Flow Test 

Previous studies [17] indicated that workability is increased by addition of glass powder. The 
increase of mortar flow is related to the nature of glass and fineness module where cleaner and 
finer GP have shown effects on workability. GP utilized in this study had minor effect as there 
was minor difference between the flow results at different glass replacements levels with 
percent corresponding to 10, 20 and 30% GP respectively. Results show that the consistency is 
the same in all four etalons, but while working process when the product is placed in mold it  
was observed that the product of CM-GP3 is more workable than CM. 
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Table 4. Spread Results of Flow Test 

 
Spread 
(mm) 

 

110 CM 
110 CM-GP1 
110 CM-GP2 
110 CM-GP3 

 
 
3.2. Setting time 

Vicat apparatus is used to determine the initial and final setting time of cement paste. 
Complying with EN 196-3, the mould is placed in Vicat instrument where the distance from 
the edge of the needle and base plate is measured. Replacing cement with GP increases the 
setting time and duration of the setting. With regards to workability, GP serves as a retarder 
increasing the period of hardening process. This property is also related to pozzolanic effect of 
GP and the mechanical behaviour as yielding effect.  

 
 

Figure 5. Initial and final setting time for different GP-cement replacements 
 

 
3.3. Compressive and Flexural Strength of Cement Mortar 

According EN 196-1, mortar specimens are used to evaluate the compressive strength 
performance of cement. The testing results consist of mortar compressive strength for 
individual samples, mean strength, and standard deviation. In Figure 5 are presented the test 
results of standard mortar modified with 0%, 10%, 20% and 30% GP cement replacement after 
7 and 28 days of curing. 3 samples of each mixture were tested, which means that a total of 12 
samples were tested for compressive strength while testing them in bending, the same were also 
examined to determine the compressive strength, a total of 24 samples, i.e. 6 samples for each 
mixture. According to the results obtained from 7 days, then none of the mixtures with different 
percentages of glass powder showed satisfactory results in terms of compression and bending 
resistance, in percentage we can provide that the compressive strength in day 7 decrease around 
15% between each sample with 10, 20 and 30 % of Glass Powder but in the day 28 the decrease 
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is around 13% in each mixture. The effect of using glass powder as cement replacement on 
prismic concrete compressive strength (fck) at 7 and 28 days is shown in Figure 7 where we 
can observe that the use 10% or greater GP as cement replacement indicate opposite effects in 
sense of mechanical properties but it is a good indicator that maybe after day 28 close results 
can be given between the mixtures, especially between the mixture with 10 percent GP and the 
one with pure cement. During the process of testing the samples according to the shape of the 
break, it is observed that the cutting of the samples was done in the X shape, that is, in 
accordance with the standards of the breaking of the samples for all 4 cases of cement dough 
mixtures which is shown in Figure 6. 

 
Figure 6. Cutting shapes of samples 

 
 

 
 

Figure 7. Compressive Strength in 7 (1,2,3,4) and 28 days (5,6,7,8) 
 

The samples were also subjected to the examination of the bending resistance, where it was 
observed that just as the compressive strength also the bending resistance decreases depending 
on the percentage of replacement with glass powder, the greater this amount, the more the 
resistance of the examined sample decreases around 14% of each mixture with 10, 20 and 30 
% Glass Powder like is shown in the Figure 8. 
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Figure 8. Flexural Strength in 7 (1,2,3,4) and 28 days (5,6,7,8) 
 

3.4.  Greenhouse Gas (GHG) Assessment 

Main national source of electricity (Kosova B) is chosen for comparison with the average of 
0.444 kg CO2/kWh; and based in various countries OECD, Norway with the lowest CO2 
emission per kWh (0.008 CO2/kWh), South Africa as the country with the highest CO2  
emissions per kWh (0.926 CO2/kWh), and Kosovo as the object of study in the context of this 
investigation (0.444 CO2/kWh). A consumption of 15 kWh per ton of GP is considered [18].  
 
 

 
 

Figure 8. Comparative approach of CO2 emission 
 
 
The CO2 associated with GP grinding is very small compared to the CO2 associated with the 
cement that is replaced. The GP part is minor and ranges between 0.16% (for GP–10) and 0.32% 
(for GP–30) in comparison to cement (kgCO2 /ton) associated with the control sample. The 
greatest reduction occurs for the GP–30 sample (29.78%) compared to control sample. 
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4. CONCLUSION 

Through this work, the intended goals to be achieved were potentially realized. The 
experimental analysis conducted to investigate the replacement of cement with glass powder in 
concrete structures has yielded insightful findings with significant implications for both 
material science and environmental sustainability. The core of this research centered around 
evaluating the mechanical properties of concrete when 10%, 20%, and 30% of its cement 
content was substituted with glass powder. The results across these varied proportions 
consistently indicated a decline in mechanical strength and durability. This deterioration was 
most pronounced at higher replacement levels, suggesting that increasing concentrations of 
glass powder compromise the structural integrity of concrete. 
From an environmental perspective, the use of glass powder in concrete offers a potential 
avenue for recycling waste glass, thereby reducing landfill usage and mitigating the 
environmental impact associated with the production and disposal of glass. However, the 
negative impact on concrete’s mechanical properties poses a significant challenge. This 
suggests that while the concept of incorporating waste materials into building products is 
appealing for its sustainability benefits, the practical application in the case of glass powder as 
a cement replacement may be limited without further refinement of the process or additional 
compensatory materials. In conclusion, while the replacement of cement with glass powder in 
concrete structures presents an innovative approach to sustainable construction, the 
compromised mechanical properties highlighted by this study underscore the need for cautious 
application and further research. It is imperative that future investigations continue to explore 
alternative methods or additives that can counteract the weaknesses identified, thereby 
harnessing the environmental benefits of glass recycling without sacrificing the quality and 
safety of concrete structures. 
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In this paper, we will be presenting the influence of the Alkali-Silica Reaction (ASR) 
phenomenon on the durability of concrete. In concrete, the alkali-silica reaction (ASR) is the 
result of a reaction between some silicious aggregate elements and the hydroxides of potassium 
and sodium that are generated when Portland cement hydrates. The result is a gelatinous 
substance that absorbs pore fluid, and by doing this, the concrete expands and experiences 
internal tension. Concerns about the safety of ASR-damaged reinforced concrete structures 
have driven the demand for studying the effects of ASR on residual load capacity of the 
deteriorated structure. ASR causes severe damages that manifest as extensive expansion, 
cracking, aggregate pop-out, gel exudation, and harmful white deposits on the concrete 
surfaces. There is a continuous need to review ASR mechanisms due to the associated complex 
sequential reactions, severe effects on concrete life span, and the inconsistencies of evaluation 
techniques. Furthermore, recent problems and research continue to abound in ASR. Therefore, 
this study provides an explicit explanation of the ASR mechanism and its numerous effects on 
civil infrastructure, such as highway pavement and bridges. A full description of the test 
procedures used to determine aggregate susceptibility to ASR is also discussed, including 
results from recent publications. The focus is on determining the mechanisms and factors 
influencing the speed and intensity of the ASR reaction, including the analysis of the chemical 
characteristics of concrete constituent materials. Additionally, possible ways to prevent or 
manage the detrimental effects of ASR are explored. The results of this research provide a 
profound understanding of the impact of ASR on concrete performance, identify potential 
challenges, and propose innovative solutions and measures to avoid this phenomenon.  

 
Keywords: Alkali-Silica Reaction (ASR), silicates, alkali solutions, alkali-silica gel. 
 
1. INTRODUCTION 

Concrete is the most widely used building material in the civil engineering field, because  
concrete itself has irreplaceable advantages compared to other building materials. With the 
rapid expansion of the infrastructure scale of civil engineering, the quality problem of  
construction engineering has increasingly attracted wide attention from society. The safety of  
concrete technology is related to the interests of the broad masses and the economic benefits  of 
construction enterprises. Although concrete materials have many properties and advantages, in 
the actual construction process, the performance of concrete is affected by many factors. 

Back in the 1800s, people noticed that concrete, despite being strong, could get damaged over  
time, especially from things like frost and seawater. But there were cases where concrete  
cracked and broke apart without these usual reasons. Then, in the 1940s, a scientist named 
Stanton figured out something big. He showed that there's this thing called alkali -aggregate 
reaction (ASR) happening inside concrete that makes it break down. ASR is like an internal  
troublemaker in concrete. It happens when certain types of cement and rocks used in making 
concrete don't get along well. Stanton found that when high-alkali cement and opaline rocks are 
used together, they cause the concrete to crack and expand, making it weak.After Stanton's  
discovery, other scientists also looked into this problem all around the world. They studied the 
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types of rocks causing the reaction, how it happens, and ways to test and fix it. This research 
helps us understand and prevent concrete from getting damaged by ASR. 

Concrete deterioration refers to the gradual breakdown or weakening of concrete structures  over 
time, leading to reduced performance, structural integrity, and appearance. This deterioration 
can result from various factors, including environmental conditions, chemical  reactions, 
mechanical stress, and design flaws. Exposure to harsh environmental conditions such as 
freeze-thaw cycles, moisture infiltration, chemical exposure and temperature fluctuations can 
accelerate concrete deterioration and lead to cracking, spalling, and corrosion of reinforcement. 
Chemical reactions within concrete, such as alkali-silica reaction (ASR) and sulfate attack, can 
cause internal damage and weaken concrete. Overloading, structural defects, improper design, 
and construction practices can subject concrete structures to excessive mechanical stress. 
Corrosion of embedded steel reinforcement within concrete leads to rust formation, expansion, 
and cracking of the concrete cover, compromising the structure's strength and durability. 
Concrete can get damaged over time, especially in structures with steel inside. The most 
common reasons are carbonation and chloride (from salt) getting into the concrete, which can 
cause the steel inside to rust. This rusting makes the concrete crack and break. If there's not 
enough cover protecting the steel, it can worsen this damage. Other causes include freezing, 
thawing, sulfate attack, and alkali-aggregate reaction (ASR). 

 
Figure 1. Concrete Deterioration (“CE Center - Concrete Waterproofing with Crystalline 

Technology”) and Figure 2. Corrosion of reinforcing steel- Francesco Scatena Dreamstime.com 

ASR is a chemical reaction in concrete that happens slowly over time. It doesn't immediately 
threaten a structure's life but can cause serious problems later. It can make concrete weaker,  less 
stiff, and affect its safety and usability. ASR happens when certain chemicals in the cement mix 
with reactive materials in the rocks used for concrete. Water is needed for this reaction to occur. 
It creates a gel that swells when it absorbs moisture, leading to cracks and expansion in the 
concrete. ASR behaves differently in actual structures compared to what we see in lab 
experiments. Things like how the concrete is poured, how compact it is, and the local climate 
affect how ASR happens. This complexity makes ASR hard to predict and control. To deal with 
ASR, engineers need to look at the structure's actual conditions and make changes to the 
concrete mix and design. Lab tests help understand the problem, but real-world observations 
are also crucial to solving ASR issues effectively. 

2. MATERIALS AND METHODS 

2.1. Alkali-aggregate reactions in concrete. 
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Various types of alkali-carbonate reaction have been reported, though not all of them appear to 
be expansive or deleterious. They may be classified into the following broad groups principally 
according to the type of reaction process or reaction products they produce.  

(a) When carbonate reacts with calcitic limestones, it creates dark rims around the edges of  the 
limestone pieces. These dark rims are more easily dissolved by hydrochloric acid compared to 
the inside of the limestone piece. 

(b) With dolomitic limestone, there are also reaction rims that form within the limestone pieces. 
When you use hydrochloric acid to test them, both the rim zones and the inside dissolve at the 
same speed. 

(c) If the dolomitic limestone has fine grains with some calcite and clay mixed in, and it reacts  
with alkalis, it creates a special rim called de-dolomitised rim. When you use dilute 
hydrochloric acid on these reacted particles, you can see a rim forming, and it's often richer in 
silica. 

2.2. The alkali-silica reaction in concrete: 

This reaction differs from the alkali-carbonate and alkali-silicate reactions in that, as a result of 
the reaction between the alkali pore fluids in the concrete and silicious components of the  
aggregate particles, an alkali-silica gel is produced which is hydrophilic. As it absorbs moisture 
it increases in volume, thus generating pressures sufficient to disrupt the fabric of  the concrete. 
The reaction may be considered to progress according to the following idealized equations: 

 
(1) Acid-base reaction; 

H0.38SiO2.19+0.38NaOH = Na0.38SiO2.19+0.38H2O 

(2) Attack of the siloxane bridges and disintegration of the silica: 

Na0.38SiO2.19 + 1.62NaOH = 2 N𝑎2+ + H2SiO42− 

2.3. The alkali requirement in alkali-silica reaction: 

High-alkali cement, used in concrete production, can lead to alkali-silica reaction (ASR) issues, 
especially when it reacts with specific rocks in the concrete. These alkalis originate from 
cement-making materials like clay and coal, with variations in potassium or sodium content 
depending on the source. During cement production, some alkalis are emitted into the air and 
can re-enter the cement, affecting its alkali levels. Recycling cement-related materials can alter 
alkali content and impact concrete properties. Although water used in concrete typically has 
low alkali levels, using salty water can introduce additional alkalis. Similarly, rocks in concrete 
may contain alkalis that can leach into the concrete over time. The extent of alkali absorption 
depends on concrete porosity and exposure duration to alkali sources. 

2.4. The reactive silica component in the aggregate: 

When making concrete, various types of rocks, known as aggregates, are used. These rocks 
contain different minerals, ranging from single-mineral rocks like limestones and dolomites to 
complex ones like greywacke and hornfels. Reactive silica, found in some rocks, can interact  
with alkalis in cement, leading to concrete issues such as cracking. However, not all silica in 
rocks is reactive; factors like structure and porosity play a role. Certain rocks like granites,  
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granitic gneisses, hornfels, and greywackes contain reactive silica, which can be observed under 
a specialized microscope, although pinpointing the exact minerals causing the issue is  
challenging. 

 
Figure 3. How does ASR impact concrete - American Engineering Testing 

2.5. The role of moisture in alkali-silica reactivity: 

In outdoor concrete structures, the windward side, facing the elements, experiences more  
damage from alkali reactivity than the sheltered side. This difference is evident when using a  
damage rating scale, where windward sides typically score higher due to increased exposure to 
alkalis carried by water, which forms a swelling gel and leads to cracks. Even seemingly dry 
concrete retains moisture inside, sustained by environmental humidity, fueling the reaction. Lab 
experiments show minimal expansion without humidity, but real-life conditions mimic rapid 
expansion due to moisture's presence. 

2.6. Gel reaction product: 

In simple terms, alkali-silica gel forms in concrete when certain chemicals react with minerals 
and water. It can look like thick oil or resin and can fill cracks in concrete. Analyzing this gel  
helps scientists understand how it behaves and its impact on concrete structures. 

 
Figure 4. ASR Gel- American Engineering Testing; What You Should Know About Alkali-Silica 

Reactivity in Concrete 
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2.7. Controlling factors in alkali-silica reaction: 

The alkali-silica reaction in concrete requires specific combinations of alkalis in pore fluids,  
reactive silica in aggregates, and moisture to start and progress. This mixture leads to the  
formation of a gel, whose composition varies based on ingredients and proportions. As this gel 
absorbs water, it swells, creating pressure, microcracks, and expansion in the concrete. Higher 
temperatures accelerate this reaction, speeding up gel formation and swelling upon water 
absorption. Lab tests show faster reactions at higher temperatures that slow over time, while 
lower temperatures lead to slower but potentially greater long-term expansion due to increased 
swelling pressures. Moisture availability is crucial; the reaction can produce expanding gels 
with low initial moisture, but completely dried and carbonated gels cannot react further. 

2.8. The observed effects of alkali-silica reaction:  

Concrete structures affected by alkali-silica reaction (ASR) often exhibit signs such as cracking, 
expansion, structural misalignments, gel exudation, and pop-outs. However, these indicators 
alone cannot conclusively confirm ASR as they may stem from other factors. Field inspections 
suggest ASR possibility but don't confirm it; laboratory tests on structural samples are necessary 
for confirmation. Monitoring dimensional changes and ongoing expansion studies predict ASR 
progression. "Map cracking," resembling political boundaries with bleached margins, is a 
distinctive ASR sign. Additional cracks, fresh gel exudation, and circular spalls on the concrete 
surface are symptomatic but require precise identification of the underlying cause. Circular 
spalling near reactive aggregates can result from excessive gel expansion pressure. 

2.9. The Role of Fly Ash Composition in Reducing Alkali-Silica Reaction 

Class F fly ash and Class C fly ash are two types of materials commonly used in concrete to 
control the harmful expansion caused by alkali-silica reaction (ASR). 

2.10. Tests for the identification of alkali-silica reactivity in concrete: 

Various tests have been developed to assess the potential alkali-silica reactivity of aggregates 
or concrete mixes. These tests focus on examining either the aggregate alone or a simplified 
version of the concrete mix. One approach is direct testing of aggregate materials, which has 
become crucial. Petrographic examination, using a polarizing microscope with thin sections 
from aggregates, helps identify potential reactive components. However, this method alone 
cannot confirm reactivity in concrete, necessitating additional tests for suspicious materials. 

The ASTM C289-66 test is a common method for evaluating aggregate reactivity. Here, 
aggregate samples undergo treatment with sodium hydroxide at 80°C for 24 hours, measuring 
dissolved silica and alkalinity reduction to classify aggregates as innocuous, potentially  
deleterious, or deleterious. However, this test can yield uncertain results and may not fully  
predict real-world performance. Observing gel development when treating reactive aggregates 
with alkali is another criterion for assessing reactivity. While this test quantifies gel  production, 
it doesn't guarantee deleterious effects in concrete. Direct tests on aggregates lack insights into 
their behavior in concrete. Therefore, tests using mortar or concrete mixes with suspect 
materials are employed. These tests involve casting specimens and monitoring them for 
dimensional changes, cracks, or other physical characteristics after controlled curing. Despite 
their value, these tests require time and careful result interpretation. 

3. RESULTS AND DISCUSSION 

3.1. Effect of ASR on civil infrastructures 
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The gradual impact of alkali-silica reaction (ASR) on concrete structures results from ongoing 
chemical reactions between alkalis in pore fluids and reactive silicious components. This  causes 
expansion, leading to significant damage and deterioration in civil infrastructure. ASR affects 
key engineering properties of concrete, such as strength, flexibility, and durability,  notably 
impacting pavements and bridges by reducing their long-term durability and functionality. This 
expansion manifests as various types of cracking, including map cracking, longitudinal cracks, 
and joint spalling, shortening the lifespan of concrete structures. 

ASR-induced cracking also leads to structural stresses and deformations, further compromising 
the structure's integrity. Additionally, ASR-related distress includes pop-outs, gel exudation, 
efflorescence, and color changes along crack lines, especially in moist or  frost-prone areas, 
affecting both the visual appearance and structural stability of concrete elements in 
transportation infrastructure. 

3.2. "Assessing Potential Reactivity Between Alkalis and Aggregates: 60°C Method for  
Aggregate Combinations Using Concrete Prisms"- RILEM AAR-4.1. 

The RILEM AAR-4.1 method is used for assessing potential reactivity between alkalis and 
aggregates in concrete. This method involves preparing concrete prisms with different  
aggregate combinations that will be tested. These prisms are then stored in an environment  with 
a temperature of 60°C and humidity conditions for at least 20 weeks to promote alkali-aggregate 
reactions. Measurements are taken at specific time intervals to observe if expansions (damage) 
occur in the samples. To further stimulate any potential reaction, the samples are made with 
cement containing high alkali content, aiming for an alkali level of 5.5 kg/m³ in the concrete. 
To conduct these tests, molds with lengths of 250 ± 50 mm and cross-sectional dimensions of 
75 ± 5 mm are used. The samples must be kept in appropriate containers inside a reactor that 
generates a temperature of 60 ± 2°C and relative humidity close to 100%. The water level in 
the bottom part of the reactor should be approximately 190 mm. The samples are placed in 
containers, which should be filled with water to a level of 35 ± 5 mm, with the samples 
positioned 15 mm above the water. Standard containers can hold 3 samples, but there are 
alternative containers that can accommodate up to 6 samples. Before each measurement at 
intervals of 5, 10, 15, and 20 weeks, the samples are cooled in closed containers for 24 ± 2 
hours in an environment at 20 ± 2°C. 

The aggregate combinations consist of one or more of the following combinations:  

1. Fine and coarse aggregates: This combination includes fine aggregates (small particles) and 
coarse aggregates (larger particles). 

2. Fine aggregates combined with one type of non-reactive coarse aggregate: In this 
combination, fine aggregates are mixed with a type of coarse aggregate that is non-reactive. 

3. Coarse aggregates combined with one type of non-reactive fine aggregate: This combination 
involves coarse aggregates combined with a type of fine aggregate that is non-reactive. 
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Figure 5. a) The reactor which generates a temperature of 60 °C and up to 100% relative humidity b) 
Laboratory containers- Curing cups 

4. CONCLUSIONS 

● Concrete's performance can be affected by various factors during the construction process. 

● ASR as a Critical Issue causing internal damage and weakening of structures over  time. It 
occurs when certain types of cement and rocks used in concrete react  unfavorably, leading to 
cracking, expansion, and reduced structural integrity. 

● The effects of ASR reactions typically manifest several years after construction, often 
between 5 to 15 years, although some instances have shown distress even after 25 to 40 years. 

● Detailed studies have identified different types of alkali-carbonate and alkali-silica reactions 
in concrete, explaining the formation of reaction rims and alkali-silica gel that contribute to 
concrete deterioration. 

● The presence of alkalis in concrete, reactive silica components in aggregates, moisture  
content, and environmental conditions play crucial roles in initiating and accelerating ASR. 

● Effects of ASR on Civil Infrastructures: ASR can lead to map cracking, longitudinal  cracks, 
joint spalling, pop-outs, surface deposits, and color changes in concrete structures, significantly 
impacting their durability, serviceability, and visual appearance. Moist or frost-prone areas are 
particularly susceptible to ASR escalation and related distress. 
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Improvement of the properties of concrete with fibers’ addition 

Ard Piraj, Sadik Veseli 

Department of Construction Engineering, Faculty of Civil Engineering, University of Prishtina “Hasan 
Prishtina”, Prishtina, Kosovo  

Concrete is among the most widely used building materials, with its excellent physical and 
mechanical properties. Part of its disadvantages are its low tensile strength, cracks that appear 
throughout the lifespan. Cracked concrete is a problem due to several factors, such as poor 
maintenance, insufficient reinforcement, or steel corrosion leading to crack propagation. There 
is a need to increase the load-bearing capacity of concrete slabs and increase their life span. The 
use of different fibers, in this case polypropylene fibers in concrete can help in the improvement 
of the properties such as tensile strength and crack propagation, including the failure and 
durability of concrete elements in a structure. In the scope of the optimization of fibers 
percentage in concrete mixture, we will be using different percentages to achieve successful 
results regarding the improvement of concrete properties. In this paper the focus will be oriented 
in flexural strength using prismatic concrete samples, and preliminary investigations in 
compressive strength, where fibers will show no effect at all. With a certain number of 
polypropylene fibers, we will have reached higher values of tensile strength, leading to the 
proper fiber percentage which will eventually be recommended in the improvement of the 
properties and durability of concrete. 

 
Keywords: Fibers, tensile strength, optimizations, mix design, polypropylene. 

 

1. INTRODUCTION  

Concrete is one of the most widely used construction materials globally, renowned for its 
versatility, durability, and strength. Composed of a mixture of cement, water, aggregates (such 
as sand and gravel), and often additional additives or admixtures, concrete is a fundamental 
component in various structures ranging from buildings and bridges to roads and dams. 

Its origins can be traced back thousands of years, with ancient civilizations like the Romans and 
Egyptians utilizing rudimentary forms of concrete in their architectural marvels. However, it 
wasn't until the 19th century that modern concrete, as we know it today, began to emerge with 
the development of Portland cement. The widespread use of concrete is attributed to several 
factors: strength and durability, versatility, cost-effectiveness, fire resistance, sound isolation, 
availability etc. 

Given these attributes, concrete has become an indispensable material in the construction 
industry, playing a pivotal role in shaping the modern built environment and infrastructure. Its 
continued innovation and development promise to further enhance its performance, 
sustainability, and applicability in the years to come. But there is a catch to not allow concrete  
to be the ideal material for every construction need, and those are several of its weaknesses like: 
low tensile strength, cracking and shrinkage, abrasion, and wear etc. People have always wanted 
to avoid shrinkage cracks during the setting process, so fibers were mixed into the fresh concrete 
to prevent cracking during the setting process. Fibers to improve the properties of concrete and 
mortar have therefore been used from the earliest times. Most often it was plant fibers or animal 
hair, but they have the disadvantage that they can decompose or rot and therefore are not 
sufficiently durable. The use of fibers has always prevailed in the craft, so remember the various 
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plasters, which, mixed with animal hair, had a better loadbearing capacity. This form of plaster 
was used successfully until the middle of the twentieth century. The best option for fibers right 
now is the one we are using right now which is Plastic Fibers. 

 
Figure 1. Fiber reinforced concrete 

 
These consist mainly of polypropylene (PP). PP is a semi-crystalline thermoplastic and 
produced industrially on a large scale since 1954. PP is odorless and hypoallergenic, for 
applications in the food industry and the pharmaceutical industry, it is appropriate, it is 
physiologically harmless. The integration of fibers into concrete imparts several advantages: 
Improved Flexural Strength, Crack Control and Mitigation, Enhanced Impact and Abrasion 
Resistance, Reduced Weight and Thickness, Improved Ductility and Energy Absorption, 
Enhanced Durability in Harsh Environments, Design Flexibility etc. 
 

2. MATERIALS AND METHODS 

Based on the reinforced concrete recipe that you are going see it through the presentation 
below we used these specific materials : 

2.1. Cement Titan 42.5 N 

"Cement 42.5 normal" typically refers to a type of Portland cement with a specific grade and 
composition. Here are few of the main characteristics commonly associated with this type of 
cement: Compressive Strength: Cement 42.5 normal has a relatively high compressive strength, 
typically around 42.5 megapascals (MPa) or equivalent in pounds per square inch (psi). Setting 
Time: It has a moderate setting time, allowing sufficient time for mixing, placing, and finishing 
concrete before it begins to set and harden. The initial setting time is typically around 30 to 60 
minutes, with final setting occurring within a few hours. 

 
2.2 Water 

Water is essential for initiating the hydration process of cement, which leads to the hardening 
and setting of concrete. It also acts as a medium for mixing and transporting other ingredients, 
influences the workability of the mixture, and contributes to the overall volume and porosity of 
the hardened concrete. 
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2.3 Aggregates Fractions: Fr.1, Fr.2, Fr.3 

Aggregates, including coarse aggregates (such as gravel or crushed stone) and fine aggregates 
(such as sand), make up the bulk of the concrete mixture by volume. They provide dimensional 
stability, strength, and volume to the concrete. The size, shape, and grading of aggregates 
influence the workability, strength, and durability of the concrete. 

2.4 Fibres 

2.4.1 Sika Fibres 12mm: 

Sika Fiber®-12 is a high quality, 100% virgin, polypropylene fiber designed to reduce the 
occurrence of plastic shrinkage and plastic settlement cracking whilst enhancing the surface 
properties and durability of a cementitious matrix. CHARACTERISTICS / ADVANTAGES:  
Reduces future repair costs, Improves the ability to apply greater thicknesses in a single pass, 
reduces rebound, Enhances early age crack control, Reduces line pressure in spray pumps, May 
reduce the dosage of set accelerator. 

Density               ~ 0.91 kg/l (+25 °C) 

Dimensions         Fiber Length: ~12 mm, Fiber Diameter: ~18 µm  
Melting Point      ~160 °C  

 
Figure 2. Sika Fibers 12mm 

2.4.2 Sika Force 60mm  

Sika Fiber® Force-60 is a 60 mm long macro synthetic fiber for use in structural concrete 
and shotcrete. It is used for most types of in-situ cast structural concrete and sprayed concrete 
to distribute stresses, increase structural properties or increase abrasion resistance.   

CHARACTERISTICS / ADVANTAGES: Packaged in soluble bags for easy dosing, 
provides better cohesion of the fresh concrete, dissipates strains in concrete and prevents 
structural cracking, Reduces or eliminates the amount of steel reinforcement, Easier to handle 
than reinforcement bars and meshes, no need for cutting or tying, Reduces construction time 
etc. 

Density:                         ~0,91 kg/l             
Dimensions:                  Diameter: ~0,84 mm (500 tex), Length: ~60 mm  
Melting Point:              ~160 °C 
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Figure 3. Sika Force 60 
 
2.5 Method 

The mixing of the concrete components is done in a mixer just like regular concrete. After the 
start of the mixing of the other components, finally the fibers are thrown into the mixture. The 
fibers are carefully thrown in small amounts in the most chaotic way so that they are distributed 
throughout the concrete volume and in all directions, because due to the material of the fibers 
(polypropylene) they tend to stick to each other, made so that most of the fibers are concentrated 
in one place and there is no uniform distribution. 
 

 
2.6. The concrete recipes 

The first mixture: 
Cement 350.0  𝑘𝑔

𝑚3⁄    

Aggregates 

FR.1 915.0  𝑘𝑔
𝑚3⁄  

FR.2 300.0  𝑘𝑔
𝑚3⁄  

FR.3 655.0  𝑘𝑔
𝑚3⁄  

Water 157.5  𝑘𝑔
𝑚3⁄  

Fibers 0.0  𝑘𝑔
𝑚3⁄  

 
The second mixture: 

Cement 350.0  𝑘𝑔
𝑚3⁄    

Aggregates 

FR.1 915.0  𝑘𝑔
𝑚3⁄  

FR.2 300.0  𝑘𝑔
𝑚3⁄  

FR.3 655.0  𝑘𝑔
𝑚3⁄  

Water 157.5  𝑘𝑔
𝑚3⁄  

Fibers (Sika Fibers 12 mm) 29.16  𝑔
𝑚3⁄  

 
The third mixture: 

Cement 350.0  𝑘𝑔
𝑚3⁄    
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Aggregate 

FR.1 915.0  𝑘𝑔
𝑚3⁄  

FR.2 300.0  𝑘𝑔
𝑚3⁄  

FR.3 655.0  𝑘𝑔
𝑚3⁄  

Water 157.5  𝑘𝑔
𝑚3⁄  

Fibers (Sika Force 60) 243.0  𝑔 𝑚3⁄  
 
 
2.7 Final Samples 

Now, we are going to see the final version of our prismatic samples with dimensions 150mm x 
150mm x 600mm with and without fibers, and later after all the necessarily tests are completed, 
we are going to notice and concluded the differences between concrete with and without fibers. 
  

                             
     Figure 4. The samples from the first mixture             Figure 5. Samples from the second mixture 
 

 
Figure 6. Samples from the third mixture 
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2.8 The properties of wet concrete 

As a property of wet concrete, which we will examine in our samples, it will be Slump Test  
The test is carried out under BS EN 12350-2. 
 

2.9 The properties of hardened concrete 

As properties of hardened concrete, compressive strength of concrete test and bending test will 
be performed according to the standards EN1992-1-1 and EN 14889-2 
 

3. RESULTS AND DISCUSSION 

3.1 The Slump Test  

After the Slump test has been executed on all the samples we got these results: 

Figure 7. Slump test results. 

3.2 Compressive Strength 

The results below are from the examination in axial pressure: 
 

 
Figure 8. Uniaxial compressive test results 

12.6 13.1 13.1

20.7 22.1 22.6
25.8 26.1 26.5

0

5

10

15

20

25

30

The first mixture The second mixture The third mixtureC
om

pr
es

si
ve

 s
tr

en
gt

h 
[N

/m
m

2]

UNIAXIAL COMPRESSIVE TEST

After 14 days After 21 days After 28 days

11

6

2.8

0

2

4

6

8

10

12

The first mixture The second mixture The third mixture

Sl
um

p 
[c

m
]

SLUMP



 

260 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

3.3 The Bending Test  

Last but not least is the bending test and the results we got are shown down here: 
 

 
 

Figure 9. Bending test results 

 

4. CONCLUSION 

With the use of microfibers and macrofibers, we achieve significantly higher bending resistance 
results as well as smaller deformations and cracks. 
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Belitic Calcium Sulfoaluminate (BCSA) cement has emerged as a compelling substitute for 
traditional Portland cement owing to its distinctive characteristics and environmental 
benefits.  This review offers an extensive examination of BCSA cement, encompassing its 
synthesis, attributes, and diverse applications. The discussion delves into the synthesis 
methodologies, encompassing factors such as raw material selection, processing conditions, 
and hydration mechanisms, which significantly influence its performance. Notably, the 
mineralogical composition of BCSA cement, dominated by belite, ye'elimite, and gypsum 
phases, facilitates rapid setting and early strength development, distinguishing it from 
conventional alternatives.  Furthermore, BCSA cement showcases remarkable resistance 
against sulfate attack, rendering it suitable for use in hostile environments. The versatility of 
BCSA cement is underscored through its varied applications, spanning from concrete 
production to repair materials and specialty grouts, all of which contribute to sustainable 
construction practices. Additionally, the environmental advantages, including reduced carbon 
footprint and energy consumption compared to Portland cement, highlight its potential in 
mitigating ecological impacts. Despite its promising attributes, challenges such as limited raw 
material availability and potential durability concerns necessitate further research and 
development endeavors. In conclusion, this review accentuates the pivotal role of BCSA 
cement as a viable alternative in fostering the advancement of sustainable and resilient 
construction materials.  

Keywords: Beltic calcium sulfoaluminate (BSCA), applications, synthesis methods, rapid 
setting, sustainable construction, durability issues. 
 

1. INTRODUCTION 
 
Beltic calcium sulfoaluminate (BCSA) cement is a relatively new material in the concrete 
industry. Beltic calcium sulfoaluminate (BCSA) cement has been manufactured and used 
primarily in the United States since the 1980s. The discovery of this type of cement is owed to 
Borje Ost in 1975, following Professor Alexander Klein’s seminal work on calcium 
sulfoaluminate (CSA). 
 
The removal of tricalcium silicate (C3S) from siliceous binders is desirable from a sustainability 
perspective because the high kiln temperatures required for its formation increase the carbon 
footprint of the cement.  However, since C3S is responsible for the early strength of Portland 
cement, its presence plays a crucial role. By replacing C3S with CSA, which forms at a lower 
temperature while providing early strength, a new single cement can be designed.  Therein lies 
the elegance of the Ost patent: the binder sets quickly, exhibits good durability, and has a low 
carbon footprint. 

Initially utilized for swift repairs of roads, runways, and bridges, BCSA concrete has garnered 
attention for its rapid setting properties. While exhibiting similar hardened characteristics to 
traditional Portland cement (PC), BCSA can achieve remarkable milestones, setting in under 
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20 minutes and reaching a compressive strength of 4,000 psi within a mere 2 hours, with a 
maximum compressive strength nearing 10,000 psi. 

BCSA cement often gets mistaken for other high-alumina cements or various types of CSA 
cements. This highlights the necessity for a standardized nomenclature for CSA cements. 
Establishing such a system could be relatively straightforward, focusing on the characteristics 
and chemistry of the binder. The principal mineralogical phases present in CSA clinkers 
encompass CSA, belite, and calcium sulfates. Depending on the proportion of these 
constituents, CSA binders can exhibit traits such as shrinkage compensation, rapid setting, self-
stressing properties, or combinations thereof. Essentially, CSA cements represent a distinct 
class of cements. Analogous to the classification of Portland cement types outlined in ASTM 
standards, CSA cements could be categorized based on their chemistry and intended 
applications. As such, we propose the following classification:  

Table 11.Types of CSA binders. 

 Ye’elemite Belite Calcium Sulfate Other 
Type A - Accelerating 
Additive 35 - 45% 0 - 20% 10 - 30% 5 - 55% 
Type B - Belitic Calcium 
Sulfoaluminate Cement 20 - 30% 40 - 60% 5 - 25% 0 - 35% 
Type C - Expansive 
Additive 10 - 20% 10 - 30% 40 - 60% 0 - 40% 
Type K - Shrinkage 
Compensating Cement 1 - 10% 30 - 50% 1 - 20% 20 - 70% 
 

Unlike PC, calcium sulfoaluminate cement demands more water for complete hydration. 
However, the incorporation of belite into calcium sulfoaluminate cements has been shown to 
reduce water requirements in the mixture. Furthermore, studies indicate that BCSA production 
emits significantly less CO2 compared to PC, addressing concerns about environmental impact, 
especially considering the substantial contribution of cement production to global carbon 
emissions. 

In light of escalating environmental concerns and the imperative to reduce carbon emissions 
amid a burgeoning global population, the imperative for research and development of eco-
friendly structural materials has never been more pressing. However, before BCSA or any novel 
material can serve as a viable replacement for PC, a comprehensive understanding of its 
properties is essential. This study represents a crucial step in this direction, aiming to establish 
guidelines akin to those existing for PC, such as ACI 211, to facilitate the design and 
implementation of BCSA cement in structural applications. An initial focus lies in developing 
guidance on the water content necessary to achieve desired slump characteristics, laying the 
foundation for broader adoption and utilization of BCSA cement in the construction industry.   

2. BACKGROUND 

The chemical composition of BCSA cement sets it apart from traditional Portland cement (PC) 
and other cementitious materials. A crucial factor in cement chemistry is the arrangement of 
oxides. In PC, the oxide combination typically consists of calcium oxide (CaO), silica (SiO2), 
and alumina (Al2O3). However, BCSA differs in its composition, containing lower levels of 
silica and calcium oxide while boasting higher amounts of alumina and sulfate (SO3). These 
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components manifest as ye’elimite, belite, ferrite, and calcium sulfate within BCSA cement. 
The primary crystalline formation in BCSA cement 
is known as ettringite.  

 

 

 

 

 

 

 

 

 

In conventional PC concrete, the delayed formation of ettringite crystals can lead to internal 
tension as the crystals expand within voids, often resulting in damage to the concrete structure. 
Conversely, in BCSA concrete, the formation of ettringite is regulated earlier in the setting 
process. This controlled formation of ettringite is instrumental in conferring the high early 
strength characteristic observed in BCSA concrete mixtures. 

3. MATERIALS 
For the hydration study detailed in this section, a commercially accessible BCSA cement 
produced by CTS Cement Manufacturing Corporation was employed. The chemical and 
mineralogical compositions of this cement are delineated in Table 2. Throughout the study, a 
water-to-cement ratio of 0.487 was applied. The ambient temperature selected for 
experimentation was maintained at 23°C with a variance of ±2°C. 

Table 12.Mineralogical (XRD) and chemical (XRF) composition of the cement  

Phases wt.-% Oxides wt.-% 
β-C2S 43.6 SiO2 14.3 
α`-C2S 4.4 TiO2 0.58 
Anhydrite 10.6 Al2O3 15.4 
Bassanite 3.7 Fe2O3 0.9 
Quartz 0.4 Mn2O3 - 
Ye’elimite 27.4 MgO 1.4 
Brownmillerite 1.8 CaO 49.5 
Periclase 1.6 Na2O 0.2 
Gehlenite 1.7 K2O 0.6 
Perovskite (CT) 1.3 P2O5 0.3 
Calcite 2.6 LOI 2.2 
Dolomite 0.9 SO3 14.9 

Figure 32.ESM photo of Ettringite and Calcium-Silica-Hydrate 
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XRD/Rietveld 

3 days 

3 month 

6 month 

Figure 33.Ye’elimite and C2S quantities during hydration of the cement used (w/c ratio = 0.487; T = 
23 °C) 

 

Heat flow analysis as well as the results from in-situ-XRD show that after 1 hour the main 
reaction of the Ye’elimite takes place synchronously with the reaction of anhydrite. The main 
hydration phase formed is ettringite.  From the XRD patterns recorded within the first days of 
hydration, no evidence for other hydrate phases such as Afm can be seen. These data, as shown 
in Figure 2, also show that the consumption of Ye’elimite and anhydrite is nearly complete at 
10 hours.  There is a small amount of Ye’elimite which seems not to react within the first 6 
months. After around 3 months a reaction of the C2S in the sample is detected. This in turn 
appears simultaneously to the formation of strätlingite as observed by XRD. 

 

 
 

 

 

 

 

 

 

 

 
4. EXPERIMENTAL PROCEDURES  

The concept of workability in concrete refers to the ease with which a freshly mixed batch of 
concrete can be manipulated while maintaining uniformity.Its a qualitative attribute that 
characterizes the flow and consistency of the wet concrete mixture. For concrete contractors, 
accurately predicting and ensuring workability is crucial. Hence, the slump test serves as a 
valuable quantitative measure for assessing workability, conducted in accordance with ASTM 
C143 standards. 

Given the rapid setting properties of BCSA concrete blends, the practical application 
necessitates the use of a set retarder. In this study, a food-grade citric acid powder was employed 
as the retarder, mixed at a concentration of 5 lbs per gallon of water to emulate a typical concrete 
chemical admixture. To examine the impact of this admixture on slump, three different doses 
of citric acid were utilized: 0, 9, and 18 milliliters of the admixture solution per 100 kilograms 
of cement, representing 0%, 0.35%, and 0.70% of citric acid relative to the cement weight. 

The quantity of sand, rock, and cement remained consistent for each mixture, while the water 
content and citric acid varied. Due to the experimental setup, the water-to-cement (w/c) ratio 
inadvertently varied as well. As the water content increased in the mix, the amount of cement 
remained constant, thereby increasing the w/c ratio. This variable will be further analyzed in 
subsequent stages of the research program.It is anticipated that water content will be the primary 
factor influencing slump. 
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Table 13.Proportion of materials per 𝒚𝒅𝟑 

 
Citric Acid Dosage 

[% of cement weight] 

Total 
Water 
[lb] 

BCSA 
Cement 

[lb] 

Dry 
Sand 
[lb] 

Dry 
Rock 
[lb] 

Sand 
Water 
[lb] 

 
w/c 

 
 
 
 

0 

275 625 1200 1773 6.6 0.44 

300 625 1200 1773 6.6 0.48 

325 625 1200 1773 6.6 0.52 

350 625 1200 1773 6.6 0.56 

375 625 1200 1773 6.6 0.60 

 
 
 
 

0.35 

275 625 1200 1773 6.6 0.44 

300 625 1200 1773 6.6 0.48 

325 625 1200 1773 6.6 0.52 

350 625 1200 1773 6.6 0.56 

375 625 1200 1773 6.6 0.60 

 
 
 

0.70 

275 625 1200 1773 6.6 0.44 

300 625 1200 1773 6.6 0.48 

325 625 1200 1773 6.6 0.52 

350 625 1200 1773 6.6 0.56 

375 625 1200 1773 6.6 0.60 

 

For each batch, a drum mixer was utilized, and a ventilation system was employed to minimize 
the presence of airborne cement particles. Before commencing mixing, the ambient room 
temperature and water temperature were recorded, and the prescribed dose of citric acid was 
added to the water. Through experimentation, it was determined that the optimal mixing 
sequence involved adding half of the coarse aggregate first, followed by the fine aggregate, 
BCSA cement, water, and concluding with the remaining half of the coarse aggregate. This 
method facilitated a more homogeneous mixture by breaking up any clumps of sand or cement 
that may have accumulated at the back of the mixer. All materials were added to the mixer 
swiftly, and mixing was allowed to continue for a duration of 3 minutes. Throughout this mixing 
phase, the slump cone, tray, and all utensils were moistened and prepared for testing. Upon 
completion of the 3-minute mixing cycle, the mixer was turned off, and the slump test was 
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promptly initiated following ASTM C143 guidelines. After conducting the slump test, it was 
crucial to introduce water into the remaining concrete within the mixer and resume mixing. This 
additional water aided in breaking up the concrete, which was already beginning to set, and 
facilitated easier cleanup. Subsequently, the mixer and all utensils were thoroughly cleaned and 
readied for the next batch. 

4.1. Result and analysis  

A positive correlation was observed between water content and slump in BCSA concrete 
mixtures, as depicted in Figure 3. While each dosage of citric acid exhibited a rise in slump 
with increasing water content, the 0% and 0.35% dosages, relative to the weight of cement, 
demonstrated more consistent results across two trials when compared to the 0.70% dosage.  

In Figure 4, analyzing slump variation within different water-to-cement (w/c) ratio groups, it 
was noted that extreme w/c ratios of 0.44 and 0.6 exhibited less variability in slump, with ranges 
of 1.88 inches and 2.75 inches, respectively. Conversely, intermediate w/c ratios displayed 
increased variability, contrary to initial expectations.  

 

 

 

 

 

 

 

  

 
 

# 

Figure 34.Combined citric acid slump at varying water contents 

Figure 35.Slump variability between water-cement 
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5. CONCULSION AND RECOMMENDATION 

Based on the findings of this study, the following conclusions can be drawn:  

a. There exists a direct correlation between water content and slump in BCSA concrete 
mixtures. 

b. The incorporation of citric acid into a mix enhances slump at various water contents, thereby 
improving the workability of the mixture. 

c. To achieve a usable mix with adequate working time, it is advisable to include a citric acid 
dose of at least 0.35% of the cement weight, considering setting time and reduced workability. 

d. A citric acid dose equivalent to 0.35% of the cement weight results in a more uniform mix 
with sufficient working time. 

Further research is essential to validate the outcomes of this study. This paper elucidates 
fundamental relationships among citric acid dosage, water content, and slump in BCSA 
concrete mixtures, providing a foundation for future investigations. Subsequent research 
endeavors could enhance this study by: 

a. Conducting additional trial batches to minimize errors, with a recommended minimum of 3 
data points per sample. 

b. Ensuring consistency in slump test execution by assigning a single individual to conduct the 
tests, thereby reducing variability. 

c. Standardizing mix designs to maintain a constant water-cement ratio throughout the 
experiments. 
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Ndalesa Hoti, Guxim Rrudhani 

Department of Construction Engineering, Faculty of Civil Engineering, University of Prishtina “Hasan 
Prishtina”, Prishtina, Kosovo 

The meticulous analysis and selection of construction materials play a pivotal role in 
safeguarding the longevity and safety of dams within geotechnical frameworks. This research 
delves into the geotechnical intricacies surrounding dam construction, aiming to recommend 
optimal materials that bolster both protection and stability.By conducting a thorough 
examination of site-specific conditions encompassing soil attributes, groundwater levels, and 
erosion potential, this study discerns the prerequisites for ensuring dam integrity. A range of 
construction materials, such as concrete, rockfill, geomembranes, and geotextiles, undergo 
scrutiny to ascertain their efficacy in combatting erosion, curbing seepage, and upholding 
structural robustness. The methodology entails a comparative evaluation of mechanical 
properties, durability, and environmental ramifications across different materials, considering 
factors like cost efficiency and sustainability. Furthermore, the study integrates risk assessment 
methodologies to pinpoint potential failure modes and optimize material selection for bolstered 
dam performance. These insights gleaned from the research shed light on tailoring construction 
material choices to the unique geotechnical demands of dam projects. By amalgamating 
engineering principles with environmental considerations, this study contributes to the 
development of resilient dam structures that adhere to safety standards while minimizing 
ecological footprints. 

 
Keywords: Dams, Geotechnical frameworks, Construction materials, Geotechnical demands, 
Environmental impact. 

1. INTRODUCTION 

As is well known, the construction of dams dates back many centuries, and the main objective 
has been the storage of water and flood control. Due to many reasons, mainly social and 
environmental, the construction of new dams has led to the operation and conservation of 
existing structures. This fact has caused geotechnical engineering to be involved in dam safety 
management; therefore, it is essential to know the principles of analysis and design with which 
they were constructed [1]. 
In the geotechnical aspect, dams are significant structures that require thorough consideration 
of soil mechanics, geological conditions, and engineering principles to ensure their stability and 
performance.  
The dams and supporting objects, together with the foundation on which they rest, must 
indisputably maintain stability for any condition and load case that occurs both during the 
period of construction and during use. Based on this fact, the shape and dimensions of the 
special constructive elements, as well as the object as a whole, depend closely on the possible 
load conditions [2].  
However, ensuring the safety and stability of dams is paramount, considering the potential risks 
associated with their failure, including loss of life, property damage, and environmental 
devastation. By optimizing material selection, engineers can mitigate risks, improve resilience, 
and prolong the service life of dams, thereby safeguarding critical infrastructure and the 
surrounding environment. It outlines key considerations, challenges, and strategies associated 
with material selection, along with case studies and best practices from notable dam projects 
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around the world. Through a comprehensive analysis, this paper aims to provide insights and 
recommendations for engineers, policymakers, and stakeholders involved in dam construction 
and management, ultimately contributing to the advancement of sustainable and resilient 
infrastructure development [3][4]. 

2. CLASSIFICATION OF TYPES OF DAMS 

Dams are often thus classified in terms of the type of use intended for the dam, the type of 
materials used in constructing the dam or in terms of various Dam Safety regulations. 

 
2.1.Dam type, determined by material used in construction. 

Due to the advances in engineering and the understanding of how certain materials work 
together, has resulted in various dams being constructed based on material type. Earth and 
concrete form the backbone of most designs and have the following types of dams associated 
with each material [1]: 

 
Earth as material: 
 
Embankment Dams 
 

Embankment dams are the most common type of dam in use today. Materials used for 
embankment dams include natural soil or rock, or waste materials obtained from mining or 
milling operations. An embankment dam is termed an “earthfill” or “rockfill” dam depending 
on whether it is comprised of compacted earth or mostly compacted or dumped rock. The ability 
of an embankment dam to resist the reservoir water pressure is primarily a result of the mass 
weight, type and strength of the materials from which the dam is made. 
A cross-section (or slice) through an embankment dam shows that it is shaped like a bank, or 
hill͟. As a result, the name of this dam is derived from the shape.                     

 
Concrete as material:  
 

Concrete dams may be categorized according to the designs used to resist the stress due to 
reservoir water pressure. Three common types of concrete dams are: gravity, buttress and 
arch. 
 
Arch Dams 
 
An arch dam is a concrete dam that is curved upstream in plan. The arch dam is designed so 
that the force of the water against it, known as hydrostatic pressure, presses against the arch, 
causing the arch to straighten slightly and strengthening the structure as it pushes into its 
foundation or abutments. An arch dam is most suitable for narrow canyons or gorges with steep 
walls of stable rock to support the structure and stresses. Since they are thinner than any other 
dam type, they require much less construction material, making them economical and practical 
in remote areas. 
 
Classification 
In general, arch dams are classified based on the ratio of the base thickness to the structural 
height (b/h) as: 
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• Thin, for b/h less than 0.2, 
• Medium-thick, for b/h between 0.2 and 0.3, and 
• Thick, for b/h ratio over 0.3. 
• Arch dams classified with respect to their structural height are 

  
Figure 1. Diagram of typical arch dam [3] 

 
 
Gravity Dams 
 

A gravity dam is a dam constructed from concrete or stone masonry and designed to hold back 
water by using only the weight of the material and its resistance against the foundation. Gravity 
dams are designed so that each section of the dam is stable and independent of any other dam 
section. Gravity dams generally require stiff rock foundations of high bearing strength (slightly 
weathered to fresh), although in rare cases, they have been built on soil. The stability of the 
dam primarily arises from the range of normal force angles viably generated by the foundation. 
Also, the stiff nature of a gravity dam structure endures differential foundation settlement 
poorly, as it can crack the dam structure. The main advantage to gravity dams over 
embankments is the scour-resistance of concrete, which protects against damage from minor 
over-topping flows. A disadvantage of gravity dams is that their large concrete structures are 
susceptible to destabilizing uplift pressures relative to the surrounding soil. 

     Concrete dams include: 
• mass concrete dams, made of: 
• conventional concrete 
• Roller-Compacted Concrete (RCC)  
• masonry 
• hollow gravity dams, made of reinforced concrete. 
• Composite dams are a combination of concrete and embankment dams. 
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Figure 2. Diagram of typical gravity dam [3] 

 
 
        Buttress Dams 
 
A buttress dam is a specific type of gravity dam in which the large mass of concrete is reduced, 
and the forces are diverted to the dam foundation through vertical or sloping buttresses. 
The dam wall may be straight or curved. Most buttress dams are made of reinforced concrete 
and are heavy, pushing the dam into the ground. Water pushes against the dam, but the 
buttresses are inflexible and prevent the dam from falling over. A buttress dam is a good choice 
in wide valleys where solid rock is rare. The Romans were the first to use buttresses to increase 
the stability of a dam wall. Buttress dams of slab concrete construction became popular in the 
United States in the early 20th Century with the patented process of Norwegian-American civil 
engineer. 

  
Figure 3. Diagram of typical Buttress dams [3] 

 
2.2.Effect of Materials Quality on Stability of Embankment Dam 

Embankment dams are constructed of all types of geologic materials, with the exception of 
organic soils and peats. Most embankments are designed to utilize the economically available 
on-site materials for the bulk of construction. Special zones such as filters, drains and riprap, 
may come from off-site sources. Soil materials used in embankment dams commonly are 
obtained by mass production from local borrow pits, and from required excavations where 
suitable. Rockfill dams are basically embankment dams [1][3]. 
High stability and perviousness are their special characteristics. The impervious element in a 
rockfill dam is provided either by an impervious membrane of manufactured materials or by an 
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earth core. Due to free drainability and high frictional strength, rockfill dams have a high 
inherent stability. The rockfill dams with earth cores using the principle of fill -material zoning 
are mostly economical because all types of locally available rock low-strength (3.5MPa to 
17MPa), medium strength (17MPa to 70MPa) and high-strength rock (70MPa to 200MPa) can 
be used if the structure is properly zoned; the weaker rock is placed in less critical zones under 
less stress and hard rock is used where greater strength is required [4]. 

 
 

 
Figure 4. Diagram of typical embankment dams [3] 

2.3.Concrete facing for rockfill dams.  

Rockfill dams with upstream water barriers of wood have been used as early as 1850 by the 
gold miners in California. Later the wooden facing was replaced by concrete. Chatworth Park 
Dam in California constructed in 1895 was the first rockfill dam known to use concrete facing 
for the water barrier [1]. 

 
Types of Materials 
 

The principal materials required for embankment dams with concrete facing as water barrier 
are aggregates, cement and additives for concrete; earthfill for upstream fill; granular fill 
for filters; rockfill or gravel fill for the main body of the embankment; water stop to seal the 
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joints in the concrete slab; and asphalt, shotcrete or other materials for protection of the slope 
under the concrete face slab. 

 

Figure 5. Typical Section of Rockfill Dam with Concrete Face [3][4] 

 
2.4.Geosynthetic materials 

The term geosynthetics includes both geotextiles and geomembranes. These two broad 
categories are differentiated by their permeability. Geotextiles are commonly considered to be 
permeable fabrics, while geomembranes are commonly defined as low-permeability 
waterbarriers. Geotextiles are designed to be placed beneath soil, rock, or other materials to 
provide support, stabilization, and separation. They can also be used to filter water and prevent 
erosion [1][4]. 

 
All though all termed in one bracket, geosynthetics come in many types. The various types are 
as follows: 

 
Geotextiles: Geotextiles are porous fabrics made of a synthetic fiber. They are typically 
manufactured and delivered in rolls. Adjacent strips are commonly overlapped, though they are 
occasionally sewn together. Geotextiles are predominantly manufactured from polyester and 
polypropylene; other materials that are used include nylon, polyethylene, polyvinyl chloride 
and fiberglass.  
Geomembranes: Geomembranes are low-permeability water barriers. They are commonly 
manufactured and delivered in rolls and seamed on site. Some geomembranes have been formed 
in large panels before installation and delivered to the site for installation. Geomembranes are  
manufactured from synthetic polymers and/or bituminous materials. The synthetic polymers 
can be categorized in two broad groups: thermoplastics and elastomers. 

 
Properties of the materials resistance to mechanical stresses mobilized from applied 
loads or installation conditions. 

Compressibility: The change in thickness of the fabric, due to varying normal pressures. 
The manufacturing way of producing the type of fabric/material, has an effect on 
amount the material can compress. Figure 2.6 shows the varying compressibility, 
regarding the different manufacturing styles. 

Tensile Strength: One of the properties that constitutes the usage of a geotextile in 
design. The property, measures the amount of tensile stress (amount of force over a 
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distance, measured in KN/m) a material can undergo. The Strain of the material, at the 
different tensile stresses, is also compared of the material. 

 

Figure 6. Tensile test response of various geotextiles 

 
3. CONCLUSION 

 
In conclusion, enhancing dam protection and stability through optimized construction 

material selection in a geotechnical context is essential for ensuring the resilience, safety, and 
longevity of dam infrastructure. Through this research, several key findings and conclusions 
emerge: 

• Selecting the most appropriate construction materials, such as high-performance 
concrete, geosynthetics, rockfill, and steel reinforcement, plays a critical role in 
enhancing dam protection and stability. These materials offer superior strength, 
durability, and resistance to geotechnical hazards. 

• the classification of types of dams serves as a valuable tool for engineers, planners, and 
policymakers in selecting and designing appropriate dam structures to meet specific 
project objectives while ensuring safety, sustainability, and environmental stewardship. 
By considering the diverse range of dam types and their respective characteristics, 
stakeholders can make informed decisions to achieve successful outcomes in dam 
development and management. 
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• geosynthetic materials represent valuable tools in the toolkit of modern engineering 

practices, offering versatile solutions for addressing geotechnical, environmental, and 
infrastructure challenges. By leveraging the unique properties and capabilities of 
geosynthetics, engineers and practitioners can achieve cost-effective, sustainable, and 
resilient solutions across a wide range of civil and geotechnical engineering projects.  
 

• Geotechnics plays a fundamental role in the proper functioning of earth and rock-fill 
dams. For this reason, it is essential to perform geotechnical studies from the selection 
of the dam site and its intervention in the methodology of the design of the embankment 
and other elements that make up the dam and to monitor the behavior of the entire dam 
during its useful life. 
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A case study or probabilistic laboratory of soil liquefaction 
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Soil liquefaction is a major problem for structures built onto sandy soils. The probability of 
liquefaction is evaluated in those cases when these types of soils lie below the level of 
underground water. In our country this phenomenon is mostly present in the western part of 
Albania, especially in the areas along the coastline of the Adriatic Sea, mainly composed of 
soils with low plasticity such as dust, sandy dust or sand. The purpose of this research is the 
probabilistic assessment of soil liquefaction in the coastal area of Akarnia, Vlora. Probabilistic 
and deterministic liquefaction assessment procedures were used to define whether this 
phenomenon occurs or not. The evaluation of the probability of liquefaction was carried out 
according to the method of JUANG et alii (2002). This method determines the evaluation 
probability as a function of the safety factor, which is defined as the ratio of the coefficient of 
cyclic resistance (CRR) at a given depth to the coefficient of cyclic stresses (CSR) induced by 
the earthquake at this depth for an earthquake case. The evaluation of the safety factor according 
to the method of NCEER (1998), is based on the data obtained from the CPTU test. The 
liquefaction potential evaluation combined according to the two methods that evaluates SF and 
PL gives us a much more accurate information for the evaluation of this phenomenon in our 
study area and shows that this phenomenon should obviously be taken into consideration for 
the design of different structures.  

 
Keywords: Soil liquefaction, safety factor, probabilistic liquefaction, cyclic stresses, cyclic 
resistance, CPT. 

1. INTRODUCTION  

The area under study is located in the administrative unit of Novoselë in the district of Vlora, 
in the southwest of Albania. Based on the geographical position of the village of Akërni, which 
is located in the Pranadreatic Lowland captured by post-Pliocene pressure movements (PL 
zone) which includes the hilly and plain terrains of the Pranadreatic molasses basin. The 
Pranadreatic lowland stretches from Hani i Hotit in the north to Vlora in the south and is 
characterized by high seismic activity. 

 
According to the seismic map of Albania, this area has experienced a maximum magnitude of 
4.5~6.6. The highest magnitude recorded in this area is 6.6 (in the earthquake of October 12, 
1851 with coordinates 40o.5 N, 19o.5 E) [1]  
 
To carry out this research study, two security levels were taken into consideration as 10% in 10 
years with a maximum acceleration ag=0.145, 10% in 50 years with a maximum acceleration 
ag=0.303 with payback periods of 95 years and 475 years respectively and 4 CPTU tests were 
performed in different locations along the coastline (as shown in Figure 1). The tests in this area 
were carried out with chain machines (CPTs) equipped with a set of hydraulic rams type TG 63 
– 150 RIG (CPT AL 001). The data used in the calculation in the CPT method are: the resistance 
at the top of the cone, the frictional resistance of the sides of the cone, other data obtained from 
the correlations of the initial measurement data in the field, the magnitude of the earthquake, 
the maximum acceleration on the surface of the soil, the depth of the underground water level 
from the surface of the soil, the volumetric weight of the soil layers. 
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2. LIQUEFACTION SUSCEPTIBILITY BASED ON IN-SITU METHODS  

The liquefaction assessment is conducted using the Cone Penetration Test (CPTU) which is 
considered to be a reliable device for soil investigation by today’s standards, providing 
important information on soil type and geotechnical parameters. 
 
The employed evaluation methodology consists on the use of equations proposed by various 
authors [4-6]. The liquefaction probability calculations utilize safety factors, which are defined 
as the ratio of the Cyclic Resistance Ratio (CRR) to the Cyclic Stress Ratio (CSR). Robertson 
and Wride [4] suggested estimating the grain size characteristics using the soil behaviour chart 
by Robertson (1990) and the soil behaviour type index, Ic.as follows: 

Ic = [(3.47 − log Qtn)2 + (1.22 + log Fr)2]0.5 

Qtn = [
(qt − σvo)

pa
] ൬

𝑝𝑎

𝜎′𝑣𝑜

൰
𝑛

 

Qtn is the normalized CPT penetration resistance (dimensionless); n = stress exponent; F = 
fs/[(qc - σvo)] x 100% is the normalized friction ratio (in percent); fs is the CPT sleeve friction 
stress; σvoand σ′vo are the total effective overburden stresses respectively, Pa = is the 
atmospheric pressure and qc = is the measured tip resistance.  
The stress exponent “n” varies according to the soil type. The typical value of “n” is 0.5 for 
clean sands and 1or clays. For silts and silty sand an intermediate value between 0.5 and 1 is 
appropriate. 
 
2.1.  Evaluation of Cyclic Stress Ratio (CSR) 

 
Simplified method to estimate CSR was also developed by Seed and Idriss (1971) based on the 
peak ground surface acceleration (amax) at the site. The simplified approach can be summarized 
as follows: 
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Figure 36. Geographic location of the study area. 

 
Where  τav is the average cyclic shear stress; amax is the maximum horizontal acceleration at 
the ground surface; g is the acceleration due to gravity; σvo  and σ′vo  are the total and effective 
vertical overburden stresses, respectively, and rd is a stress reduction factor which is dependent 
on depth. The factor rd can be estimating using the following tri-linear function, which provides 
a good fit to the average of the suggested range in rd originally proposed by [6]: 
 

rd = 1.0 – 0.00765z 
if z < 9.15 m 

= 1.174 – 0.0267z 
if z = 9.15 to 23 m 
= 0.744 – 0.008z 

if z = 23 to 30 m = 0.5 
if z > 30 m 

 
2.2. Cyclic Resistance Ratio, CRR7.5 Based on CPT Data  

The CRR is evaluated by using the CPTU test, which is considered to be a reliable test 
for soil investigation by today’s standards, providing important information on soil type and 
geotechnical parameters.  For the cyclic resistance ratio of clean sands and a magnitude of 7.5 
(CRR7.5), [4][6] have proposed the following equations: 

 
CRR7.5 = 0.833 [

(𝑞𝑐1𝑁)𝑐𝑠

1000
] + 0.05          if (qc1N)cs<50   

CRR7.5 = 93 ∙ [
(𝑞𝑐1𝑁)𝑐𝑠

1000
]

3

+ 0.08            if  50≤ (qc1N)cs≤160 

where:  
(qc1N)csis the normalized cone penetration resistance, corrected for the fine content influence 

(qc1N)cs= Kc (qc1N)cs 

“Kc” = is a correction factor that is a function of grain size characteristics (combined influence 
of fines con-tent and plasticity) of the soil. 

Kc = 1.0     if Ic ≤1.64 

Kc = 5.58 ∙ Ic
3 − 0.403 ∙ Ic

4 − 21.63 ∙ Ic
2 + 33.75 ∙ Ic − 17.88    if Ic > 1.64 

and (qc1N) is the normalized (stress-adjusted) cone pene-tration resistance defined as follow: 
(qc1N)cs = Cq * (qc /Pa) 

 
Cq = (Pa /σ′vo)n being the normalized tip resistance factor 
 
 
2. 3.  Evaluating Factor of Safety, FS 

The factor of safety is defined as the available resistance of the soil to liquefaction (expressed 
in terms of the cyclic stresses required to cause liquefaction). When the coefficient of cyclic 
stresses and the coefficient of cyclic resistance are determined, then the value of the safety 
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factor can be determined, based on which value it is determined whether liquefaction occurs or 
not. This factor, according to Lee et al., 2003, is given by the following formula:  

Factor of Safety, FS = (CRR7.5

CSR
) 𝑀𝑆𝐹 

 
 

Where MSF is the magnitude scaling factor to convert CRR7.5 for M = 7.5 to the equivalent 
CRR for the design earthquake. 

 MSF = ( 174

𝑀2.56) 𝑀𝑆𝐹 

 
*In this study it is considered that for the value of the safety factor FS ≤ 1, liquefaction does 
not occur and for the value of FS > 1 it occurs. 
 

 

Figure 2. Detailed Ic profile for all CPTU test. 
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Figure 3.  Evalution of Factor of Safety (FS) with the deterministic method ag = 0.30g 

 
Figure 4.  Evalution of Factor of Safety (FS) with the deterministic method ag = 0.15g 

 
The real probability of liquefaction, PR [L], is the probability of liquefaction during the lifespan 
of an engineering structure for different levels of safety, corresponding to different seismic 
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hazard levels. For a given seismic hazard level, PR [L], is calculated by combining the 
conditional probability of liquefaction for the corresponding acceleration, P [L|PGA = a], with 
the probability of occurrence of the scenario causing the exceedance of this acceleration  
P [PGA >a]. 

PR [L] = P [L|PGA = a]*P [PGA > a] 
The conditional probability of liquefaction, P [L|PGA = a], is calculated using the correlation 
proposed by JUANG et alii (2002), which represents a direct correlation between the safety 
factor, FSL, obtained in a deterministic way as proposed by Robertson and Wride, and the 
probability of liquefaction. 

P [L|PGA = a] = 
1

1+(𝐹𝑆𝐿/𝐴)𝐵
 with A = 1.0 and B = 3.3  

The seismic hazard curve, is used to determine the probability of exceeding the acceleration  
P [PGA > a] during the lifespan of the structure (50 years). The calculations are repeated for 
each hazard level described above. 

 
Figure 5.  Conditional probability of liquefaction ag = 0.30g. 
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Figure 6.  Conditional probability of liquefaction ag = 0.15g. 

 
Figure 7. Real probabilities of liquefaction ag = 0.35g. 
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Figure 8. Real probabilities of liquefaction ag = 0.15g. 

3. CONCLUSION 

1. The CPT test is an ideal in-situ test to assess the liquefaction potential of soils due to its 
repeatability, reliability, continuous data and cost-effectiveness.  

2. From the surface evidence the liquefaction fenomen it appears up to a depth of 20 m. Base 
of calculations performed in the study area, the depth where liquefaction occurs (FS<1) 
varies from the level of the underground water to a depth of 30 m. In this case this 
phenomenon does not appear near the earth's surface.  

3. Calculations according to the probabilistic method show that in depths with the possibility 
of liquefaction, the liquefaction potential (PL) varies from 30% - 95% for the graund 
acceleration ag = 0.30g. calculations and from 30.0% - 44% for the graund acceleration ag 
= 0.15g. 

4. It can be seen that as the fine fraction increases, the safety factor increases and the 
probability that liquefaction occurs decreases.  

5. Low values of the safety factor are associated with high values of the probability. 
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This scientific research describes the study of an extremely slow, active, continuous and 
submerged landslide in the Isarco Valley, Eastern Alps, Italy. The slide interacts with the 
viaducts on the E45 motorway. Due to the special importance of the highway, due to the fact 
that it connected two neighboring countries, Italy-Austria, partners in the economy and in many 
other fields, it turned out to be uneconomical to move the railway and the highway and this 
project was entrusted to the University of Trento, with the aim of studying and solving the 
problem of the landslide which damaged the piles of the bridges on this slope. Extensive multi 
method field investigation, surface and subsurface displacement monitoring and limit  
equilibrium analyses were adopted to fully characterize the slope dynamics. In order to 
overcome the limitations due to systematic errors affecting every single monitoring system and 
analysis method, a solution based on additional and coherent tests was presented to check the 
reliability of data and results. In this framework, the geological and geotechnical models on the  
investigated slopes were progressively refined. This allowed the evaluation of the type of 
interaction between the slope and the highway viaducts. In this scientific research, the 
laboratory data of drillings carried out in 2023 were compared with those carried out in 2010 to 
evaluate the shear resistance of the soil. Then, by means of inclinometric, stratigraphic, 
geomorphological and piezometric data, the pore water pressure was constructed and the sliding 
surface was hypothesized. In the following, slope stability calculations were performed to 
determine the factor of safety in the RocScience program, in two- and three-dimensional 
analyses. 
Keywords: viaducts, railway, highway, geological & geotechnical models, water pressure, two 
&amp; three-dimensional analyses.  

1. INTRODUCTION  

The project presents a recent study conducted in the Italian Alps on a massive landslide. This 
landslide has been monitored for a long time, over two decades and many studies and analyses 
have been conducted showing that the slope is moving at a very slow speed. Our study was 
recently conducted, using different analyses and methods without relying on those conducted 
in previous studies, yielding a new safety coefficient to compare these findings with those from 
2006, 2009, 2012, 2018. We draw a conclusion and a possible solution based on the conclusions 
drawn from the analyses and methods. 

2. METHODS 
2.1.Approximate methods 

a) Janbu’s Methods                                                    
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b) Ordinary Methods 

 
 
 
 
 
 
 
 
 

c) Lowe and Karafiath Methods 
d) Modified Swedish Method 

  
2.1.2. Accurate methods 

a) Spencer Methods 
 

b) Morgenstren & Price Methods 
 

 
 

c) Sarma Methods 
It should be emphasized that none of the procedures satisfy all equilibrium conditions. 
Additionally, all methods provide similar results in terms of safety factor values (Fredlund and 
Krahn, 1977; Duncan and Wright, 1980). Among the aforementioned procedures, the Spencer 
Method is considered the simplest in terms of satisfying equilibrium equations. Whereas the 
Sarma Method is valuable for calculating the seismic coefficient. The Morgenstern and Price 
Method is most useful when intermediate forces play a significant role in stability and is 
considered the most efficient among these methods. 
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➢ Calculations in 2D 
➢ Calculations in 3D 
➢ Back Analyses for sections 

3. RESULTS AND DISCUSSION 

❖ Results of back Analyses in 2D 
a) Results of Back Analyses for Section L5;    Safety Factor for the calculated methods in 

Section L5. 
 
 
 
 

 
 
 
 

 
 
 

b) Results of Back Analyses for Section L7;    Safety Factor for the calculated methods in 
Section L7. 

 
 
 
 
 

 
 
 
 

 
 
 
 

c) Results of Back Analyses for Section L9;    Safety Factor for the calculated methods in 
Section L9. 
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d) Results of Back Analyses for Section L11;   
                                                                 Safety Factor for the calculated methods in 

Section L11. 
 
 
 
 

 
 
 
 

 
 
❖ Results of back Analyses in 3D 
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                  Values of the safety factor as a function of the methods. 

Based on geological and geomorphological analyses of the slope, in accordance with 
inclinometric and stratigraphic indications, the critical slip surface was identified. The 
mobilized angle of frictional resistance was calculated using Back Analysis. The results indicate 
that the two-dimensional analysis provides a lower safety coefficient compared to that of the 
three-dimensional analysis. This can be explained by referring to the literature to better 
understand the mechanism behind these results. Comparison of calculation methods showed a 
reliability of about 1%, making the chosen calculation method reliable. Findings also showed 
that the safety factor varies linearly with changes in the level of groundwater, indicating the 
possibility of increasing slope stability by reducing pore pressure through drainage 
interventions. These results are important for the prediction and design of drainage systems for 
slope stabilization. 
 

       The mobilized angle of frictional resistance for analyses in 2D and 3D. 

 

4. CONCLUSION 

The grain size distributions of the landslide material are provided in Chapter 2. The data 
correspond to the natural material, and fine material was used to conduct tests in the shear box 
(Direct Shear Tests). The aggregates are well-graded, and generally, the grain size distribution 
of the aggregates collected on the sliding surface did not appear to be different from other 
aggregates, even though fine material was also included for the direct shear test. 

The results obtained from the direct shear tests (performed for a maximum stress ranging from 
300-600 kPa) are summarized in the following figures. The friction angle from the direct shear 
test varies from 25.2° - 34.4° for constant volume conditions and from 22.9° - 32.7° for residual 
resistance. Back analyses for the considered non-circular landslide, repeated several times, 
result in failure at γ = 19.5 kN/m3 for the L7 and L9 circular failure surfaces, as they exceed 
the friction angle from the direct shear test. 
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The mobilized resistance angle in shear coincides with the angles in residual resistance from 
laboratory tests for soil particles smaller than 2 mm, which is undesirable because the field soil 
is heterogeneous and well-graded. As a result, a mobilized resistance close to the maximum is 
expected. These results for the actual mobilized resistance angle in shear are provided in Figure, 
compared to those obtained from the direct shear test. 
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Evidence of soil liquefaction and impacts on infrastructure following the 
2019 earthquake in Albania: A case study in Durres and Lalëzi bays.  

Alesia Daja 

Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania  
 

The 26 November 2019 earthquake of magnitude 6.3 with epicenter in Lalëzi Bay, Albania, 
caused significant structural damage in Durres, Vore, Thumane, Shijak and Tirana. A thorough 
investigation conducted from November 26 to December 5, 2019, covered Durres and Lalëzi 
Bays, covering an area of about 75 km². Field surveys focused on mapping liquefaction 
evidence to understand spatial distribution and collect data for further analysis, including 
geotechnical boreholes and Cone Penetration Testing (CPTU). Notable manifestations of 
liquefaction were observed in Juba, Rrushkulli, and Hamallaj areas, consisting in line-arranged 
sand boils, lateral spreading cracks, differentiated settlements, and road pavement 
deformations. Additionally, a continuous coring borehole, accompanied by Standard 
Penetration Tests (SPT), provided insights into soil profiles and liquefaction occurrences. 
Comparative analyses of grain size distributions and mineralogical compositions confirmed 
liquefaction occurrences within the studied soil column. This study offers valuable insights into 
the geological characteristics and stress history of liquefied soils, emphasizing the widespread 
implications of the seismic event on infrastructure and environmental stability. 

 
Keywords: Soil liquefaction, earthquake, infrastructure, Durres, Albania 
 

1. INTRODUCTION  

The liquefaction is a well-known phenomenon in geotechnical engineering that occurs in water-
saturated sandy deposits during a seismic motion. The Periadriatic lowland and especially the 
coastal areas are in large part composed by this kind of deposits. The phenomenon is not new 
in Albania. Sand volcanos are described, after the March 18, 1962 earthquake epicenter in the 
Fier area, with Magnitude 6.1 and during the April 15, 1979 earthquake with magnitude of 6.9 
(Aliaj et al, 2010). Daja et al, 2013 [1] [2], calculated the probability of liquefaction, for three 
different hazard levels, in Semani area (Fier Albania) following the procedure proposed by 
Robertson & Wride 1998. CRR was estimated based on CPTU measurements. Based on the 
results of this study, a qualitative prediction of the areas likely to be affected by the 
phenomenon, for the same hazard level in the Albanian coastal areas was made by Daja et al, 
2016. Since there are few studies in this field in Albania, the earthquake of November 26, has 
created the possibility to study the soil liquefaction. The purpose of this research is to identify 
all superficial evidences of the phenomenon aiming not only to understand its spatial 
distribution but to collect data for further analysis based on geotechnical  measurements, such 
as geotechnical boreholes, CPTU measurements etc.  
In the Bay of Lalëzi the phenomenon was best expressed in the area of Juba and Rrushkull in 
both sides and vicinity of the Erzeni River. Liquefaction phenomena were also observed in the 
area of Hamallaj near the coastline. 
This work consists in mapping the liquefaction evidences, analyzing the liquefied soils by 
comparing the ejected sands with in-situ sands, calculation of minima PGA needed to trigger 
the liquefaction and some interpretations regarding the spatial distribution of the phenomenon. 
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2. METHODOLOGY 

The study method used consists of field surveys in the areas with liquefaction evidences, site 
investigations and laboratory analysis. The CRR (Cyclic Resistance Ratio) is calculated based 
on SPT results. The minimum acceleration necessary to trigger the liquefaction was calculated 
using the principle of equilibrium using the FSL (Safety factors) of 1 and 1.2.  

 
3.1.Field surveys 

Initially, field surveys were concentrated in residential areas where there were many damaged 
buildings. Once the areas were identified, detailed surveys took place. At each site, the 
geographic position, the main orientation of the sand volcanoes alignment, the size of the 
craters, the distance between them, and where possible, the volume of the ejected sand were 
estimated.  
The superficial evidences of the liquefaction phenomenon was better expressed in the areas of 
Juba, Rrushkull and Hamallaj (Figure 37). 
In this area, series of sand boils arranged along lines representing cracks of different lengths 
and directions, are observed. The maximum extension of these line-arranged sand volcanoes 
reaches 25 -30 m. In general along a soil crack there is a main crater of the sand volcanoes 
accompanied in both sides by smaller ones. The diameter of the “craters” varies from dozens 
of centimeters up to 1.0-1.2 m. In addition to sand volcanoes, damages have been observed in 
engineering facilities such as damage to the surrounding walls as well as to the sidewalks of the 
habitations, differential settlements, roadbed cracking accompanied by sand ejections etc. 
(Figure 38). 

 
Figure 37. Geographic location of the study area 



 

294 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, 
Prishtina, Kosovo 

 

  

  

  
Figure 38. View of liquefaction evidences in the area  

During this campaign, samples were taken for soil classification in order to compare with the 
results of the site investigation and laboratory results. 

 
3.2.Site investigation and laboratory results 

In order to define the stratigraphy and the structure of the soils, taking samples for laboratory 
analyses, carrying out SPT tests and to provide information regarding the hydrogeological 
conditions, a continuous coring borehole up to the depth of 15 m was made. It was placed in 
the Juba area where the superficial evidences of the liquefaction were best expressed. 

 
3.3.NSPT based Cyclic Resistance Ratio 

The normalized Cyclic Resistance Ratio (CRR) for a magnitude of 7.5 is calculated based 
on the NSPT-value according to the procedure proposed by Idriss & Boulanger (2004, 2008) as 
follows: 
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(N1)60cs – representing the NSPT corrected for the SPT equipment characteristics, borehole 
diameter, overburden effective stresses and soil fine content. 

It is calculated as ( ) ( ) ( )601601601 NNN cs +=  
Where: 

NSRBESPT CCCCCNN =601)(  
NSPT is N-value of SPT; CE - hammer energy efficiency; CB -borehole diameter correction; CR 
- rod length correction; CS = non-standardized sampler configuration correction and CN is the 
effective overburden pressure correction. 

 
The borehole correction factor CB and the sampling method correction factor CS are set equal 
to unity because the standard procedures were followed [3]. 
The energy ratio and the rod length factors used in the calculations are those recommended by 
Youd et al 2001 [4]. The Donut hammer type was used and the respective factor was set equal 
to 0.75. The road length factors are CR=0.75 for rod length less than 3 m; CR=0.80 for rod length 
between 3 m and 4 m; CR=0.85 for rod length between 4 m and 6 m; CR=0.95 for rod length 
between 6 m and 10 m and finally CR=1.00 for rod length more than 10 m. 
The overburden correction factor was calculated based on Idriss & Boulanger (2008) 
recommendations as follows: 
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Where “m” is the power factor expressing the dependence of the CN from the NSPT corrected 
for the SPT equipment characteristics, borehole diameter, overburden effective stresses and soil 
fine content. In order to avoid the vicious cycle a simple iteration procedure in an excel 
spreadsheet is used for the determination of the factor “m”. 
The relation developed by Idriss and Boulanger (2004-2008) is used for the calculation of the 
equivalent clean sand adjustment factor as follows:  
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The soils’ CRR is also affected by the duration of the shaking (which is correlated to the 
earthquake scaling factor, MSF) and effective overburden stress (which is expressed through a 
Ks factor) [3].  
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The Magnitude Scaling Factor is calculated using the formula proposed by Idriss (1999) [5]as 
follows: 
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The overburden stress correction factor was calculated as follows: 
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3.4.Cyclic Stress Ratio CSR 

The cyclic stress ratio, CSR, is given by Seed and Idriss 1971 [6]:  
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where, CSR is the Cyclic shear Stress Ratio; vo  - total overburden pressure; 'vo - effective 
overburden pressure; amax - maximum acceleration in units of g; g - gravity acceleration and rd 
the factor that accounts for the flexibility of the soil column. 
The total (σv) and effective (σv’) vertical stresses are estimated from the geotechnical model of 
the study area.  
The stress reduction factor, rd, is calculated using the relation proposed by Idriss 1999 as 
follows: 
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3.5.Peak ground acceleration calculation 

Based on the equilibrium concept, the minimum accelerations sufficient to trigger the soil 
liquefaction have been calculated at the depth intervals where the SPT tests were performed. 

Accelerations are calculated by considering the factor of safety against the liquefaction 
FSL=1.0 and FSL=1.2, as follows: 
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4. RESULTS  

The soil profile is composed by beige silts and sandy-silty clays in the upper part followed by 
grey sands and silty sands. The SPT N values varies from 2 to 4 indicating very loose to loose 
non cohesive soils. 
From the ground level to the depth of 3.3 m the soils are represented by silts (ML), followed by 
a layer of sandy-silty clays (CL-ML) up to the depth of 4.2 m. Well graded sand with silt (SW-
SM) are encountered in the depth intervals from 4.2 m to 5.0 m while from 10.2 to 12.3 m 
below ground level Poorly graded sand with silt (SP-SM) are encountered. The rest of the soil 
columns (5.0 to 10.4 m and 12.3 to 15 m) is composed by grey silty sands (SM). 
The Liquid Limit (LL) varies from 27.05 % to 37.43 % while the Plasticity Index varies from 
5% to 12 %. The fine content (FC) varies from 5.26% to 14.05 % for the samples taken from 
the ejected sands, and from 7.6% to 24.77 % for the sandy samples taken during the boring. For 
the silts and sandy silty clays, the FC varies from 54.18 % to 93.6 %. 
In the table below the minima PGA necessary to trigger the liquefaction for FSL=1 and FSL=1.2 
Table 14.  

Table 14.  Values of minimum acceleration to trigger the liquefaction (FSL=1 and FSL=1.2)) 

nr  Depth (m) NSPT CRR7.5 CRR6.3 PGAmax/g 
(FSL=1.0) 

PGAmax/g 
(FSL=1.2) 

1 4.7 2 0.07843 0.108621 0.170 0.141 
2 6.2 3 0.089664 0.123003 0.175 0.146 
3 9.0 4 0.096368 0.129922 0.172 0.143 
4 10.5 5 0.083252 0.111577 0.146 0.122 
5 12.0 4 0.106697 0.141328 0.185 0.154 
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6 14.0 4 0.103588 0.135998 0.181 0.151 
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Table 15. Summary of field investigations and laboratory tests 
Depth (m) 

Description 

SPT results Grain size distribution Atterberg limits 

USCS Classification from to Depth 
(m) NSPT 

% Gravel 
(>4.75 
mm) 

% Sand 
(0.075 – 

4.75 mm) 

% Fine 
content 
(<0.075 

mm) 

LL (%) PL (%) IP (%) 

0.0 2.7 
Beige, moist, medium plastic silt 
(ML), containing thin 
intercalations of grey silt. 

   6.4 93.6 37.43 25.08 12.35 ML 

2.7 3.0 Gray, moist, low plastic, soft to 
firm sandy silt (ML).    45.82 54.18 27.27 22.37 4.90 ML 

3.0 3.3 Beige, moist, soft to firm silt 
(ML).    6.4 93.6 37.43 25.08 12.35 ML 

3.3 4.2 
Gray, moist, low plastic soft to 
firm Sandy Silty Clay (CL-
ML). 

   31.06 68.94 27.05 22.37 6.12 CL_ML 

4.2 4.9 Gray, loose, wet Well graded 
sand with silt (SW-SM). 4.7 2  86.67 11.33    SW-SM 

4.9 9.4 

Gray, fine, loose, wet Silty Sand 
(SM) containing thin 
intercalations of beige fine 
sands. 

6.2 3  84.58 15.42    SM 

Silty Sand (SM) as above 9.0 4  86.64 13.56    SM 
Silty Sand (SM)  as above 10.5 5  76.89 23.11    SM 

9.4 10.2 Gray, fine, loose, wet Silty Sand 
(SM) containing rests of shells    84.89 15.11    SM 

10.2 12.3 Gray, fine, loose, wet Poorly 
graded sand with silt (SP-SM) 12 4  92.4 7.6    SP- SM 

12.3 15 Gray, fine, loose, wet Silty Sand 
(SM) containing rests of shells 14 4  75.23 24.77    SM 
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5. CONCLUSION 

The phenomenon is better expressed in those areas where the sandy deposits are covered by a 
superficial layer of cohesive soils (ML, CL-ML) leading to the creation of undrained conditions. 
Comparing the grain size distribution and mineralogical composition of the ejected sands with those 
obtained from the borehole as well as based on NSPT values it can be concluded that the studied soil 
column (up to 15 m) has been subject to the phenomenon of liquefaction. 
The necessary minima PGA to trigger the phenomenon varies between 0.146 g and 0.185 g, and 
between 0.122g and 0.154 g corresponding respectively to a safety factor (FSL) of 1.0 and 1.2. 
The spatial distribution of the phenomenon on both sides and in the vicinity of the Erzeni River 
shows that this phenomenon has affected the deposits related to the recent activity of the river as 
well as the beach deposits. 
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Structural and earthquake engineering 
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Structural and Earthquake Engineering focuses on the analysis, design, construction of structures 
resilient to earthquakes and safe constructions for human use in earthquake scenarios. Engineering 
methods include seismic analysis, modeling, and simulating the behavior of structures under 
earthquake actions. Sophisticated numerical and scientific techniques are used to understand how 
structures will be affected by earthquakes and to develop appropriate designs. Our research includes 
the development of resilient structures, minimization of damage in earthquakes, improvement of 
construction safety, laboratory, and field testing to verify the behavior of structures under 
earthquake stress. Structural Engineering and earthquakes are complex challenges that require deep 
scientific knowledge and advanced technology to ensure resilient and safe constructions for citizens 
and infrastructure. Conclusions from research in this field help to improve construction practices 
and prepare for future earthquakes.  

Keywords: Seismic, safety, resilient, improvement. 

1. INTRODUCTION 
In this paper we will focus on the understanding, causes and risks of earthquakes focusing on 
earthquakes that had a big impact on society through years. More precisely we will focus on the 
last earthquakes in Turkey and Japan as a comparison, damages caused, the reasons of those 
damages and structuring of earthquake proof buildings. 

2. STRUCTURES DURING EARTHQUAKES 
2.1. What is an earthquake? 

An earthquake is a natural event that occurs when there is a sudden release of energy in the Earth's 
crust, causing seismic waves. Earthquakes are typically caused by the movement of tectonic plates 
beneath the Earth's surface. When these plates collide, slide past each other, or move apart, stress 
builds up along their boundaries. When this stress exceeds the strength of the rocks, it is released 
in the form of an earthquake. 

2.2. Why does a building collapse? 

1. Weak Foundations: Inadequate or poorly constructed foundations can lead to building 
collapse. The solidity of the soil and the weight of the building are critical considerations. For 
instance, building on swampy ground without strong foundations can be risky1. 

2. Substandard Materials: The use of weak or counterfeit building materials is a significant 
issue. Sometimes, scrap metal is substituted for steel, compromising the structure’s 
integrity. Contractors may also cut costs by using incorrect materials. 

3. Mistakes During Construction: Even when the right materials are provided, unskilled 
workers might mix concrete incorrectly. This results in concrete that lacks the necessary strength 
to bear the load. Cutting costs by hiring cheaper, untrained labor can be detrimental1. 

https://www.bbc.com/news/world-africa-36205324
https://www.bbc.com/news/world-africa-36205324
https://www.bbc.com/news/world-africa-36205324
https://www.bbc.com/news/world-africa-36205324
https://www.bbc.com/news/world-africa-36205324
https://www.bbc.com/news/world-africa-36205324
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4. Overloading: Buildings collapse when there is more weight on a portion than it is designed 
to support. Overloading can occur due to excessive loads, such as additional floors or heavy 
equipment2. 

5. Material Deterioration: Chemical changes over time weaken building materials. Rust, rot, 
and decay can compromise structural elements, making them susceptible to collapse2. 

6. Design Flaws: Poor architectural design, inadequate structural calculations, or flawed 
engineering can lead to building instability. Neglecting safety factors during design can have dire 
consequences 

2.3. How are Buildings engineered to not collapse?  

Our goal for this phase is to find all the loads that the building is going to experience and design. 
There are two types of loads that the building is going to experience. There's gravity and there's 
lateral loads. Gravity loads, as the name suggests, are all the loads that are pointing towards Earth. 
To put it simply, this is how much the building ways. This is the weight of the construction 
materials. This is the weight. Structural engineers work with architects to figure out what type of 
loading these spaces are going to experience. Every building, so residential loading, we need to 
design A skeleton that can take this look. For our case, this is going to be the floor system. We're 
going to be using a concrete floor slab system that's going to be reinforced with steel bars. And note 
that there's different types of systems out there. The concrete floor slab will take all the weight that 
the apartments are going to put on it, and it's going to transfer all of those loads into the columns. 
If the columns fail, the building is going to collapse and besides that they take all of the building 
loads and transfer them to the foundations. Once all the building loads go to the foundations, the 
foundations transfer the building loads to the soil by completing this load path. That's how we know 
that the building is going to be stable and stand up. 

Think of this phase as designing the muscular system of the building that connects everything 
together. 

You can think of our concrete core walls as a stack of Legos. When you push it down, for the most 
part it's not going to go anywhere, but it's super weak in tension, meaning that if you apply any 
lateral loads. Such as winds or earthquakes, the concrete is going to fail. But if we add reinforcing 
to it, let's say duct tape for our Lego example, then the concrete lapses. That's why we need to add 
steel bars to reinforce the concrete. 

2.4. Earthquakes as a phenomenon 

Tectonic Plate Movement: The Earth's crust is divided into several large and small tectonic plates 
that float on the semi-fluid asthenosphere beneath them. These plates are in constant motion, driven 
by the heat generated from the Earth's interior and gravitational forces. When these plates interact, 
they can collide, slide past each other, or move apart, leading to stress buildup along their 
boundaries. 

Stress Accumulation: As tectonic plates move, they can create stress along fault lines, which are 
fractures in the Earth's crust. This stress can gradually accumulate over time, causing rocks on either 
side of the fault to deform and store elastic energy. 

https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
https://interestingengineering.com/video/when-and-why-do-buildings-fall-apart
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Energy Release: When the accumulated stress exceeds the strength of the rocks, it is suddenly 
released in the form of seismic waves. This release of energy is what causes an earthquake. The 
seismic waves radiate outward from the earthquake's epicenter, shaking the ground and causing the 
characteristic shaking that we feel during an earthquake. 

Epicenter and Focus: The point on the Earth's surface directly above the origin of the earthquake 
is called the epicenter. The actual point within the Earth where the earthquake originates is known 
as the focus or hypocenter. The depth of the focus can vary, and it influences the intensity of shaking 
felt at the surface. 

             Types of Waves: Earthquakes generate several types of seismic waves: 

Primary (P) Waves: These are compressional waves that travel through solid, liquid, and gas. 
They are the fastest seismic waves. 

Secondary (S) Waves: These are shear waves that travel only through solids. They are slower 
than P-waves and cause shaking perpendicular to their direction of travel. 

Surface Waves: These waves travel along the Earth's surface and are responsible for the most 
significant ground shaking and damage during an earthquake. 

Magnitude and Intensity: Earthquakes are measured using scales such as the Richter scale or the 
moment magnitude scale (Mw). These scales quantify the energy released by an earthquake and 
its potential to cause damage. The intensity of an earthquake's effects can vary widely based on its 
magnitude, depth, distance from populated areas, and local geological conditions. 

 

2.5. Risks of earthquakes 

• Structural Damage 
• Casualties and Injuries 
• Displacement and Homelessness 
• Landslides 
• Tsunamis 
• Infrastructure Disruption 
• Economic Impact 
• Psychological and Social Impacts 

Figure 39. Earth's tectonic plates moving against each-other, along a fault line. 
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• Environmental Consequences 
• Cascade Effects 
   

2.6. 10 Largest earthquakes ever recorded. 

1. Valdivia, Chile, 1960- The biggest earthquake ever recorded occurred in 1960 near the city of 
Valdivia, Chile. With a magnitude of 9.5 which lasted 10 minutes, it was one of the deadliest 
earthquakes in history, killing an estimated 5,700. Two days after the earthquake, the Cordón Caulle 
volcano erupted as a result of the seismic activity, ejecting ash and steam into the atmosphere.  

2. Alaska, USA, 1964- Large areas of North America were affected when nearly 1,000km of fault 
along the Pacific-North American tectonic plates ruptured at once, causing an earthquake which 
shook for nearly 5 minutes with a magnitude of 9.2. 

3. Sumatra, Indonesia, 2004- This huge 9.1 magnitude earthquake caused an uplift on the ocean 
floor of over 20m and created a devastating tsunami wave that reached over 30m high. This 
terrifying wave hit coastal areas in 14 countries, killing an estimated 228,000 people with Indonesia, 
Sri Lanka, India and Thailand. 

4. Tohoku, Japan, 2011- The Tohoku earthquake and tsunami occurred on 11 March 2011 and is 
the biggest earthquake recorded in Japan with a magnitude of 9.1. 

5. Severo-Kurilsk, Russia, 1952- Severo-Kurilsk is on the Kuril Islands, Russia, a small volcanic 
archipelago 1,300km northeast of Japan. In 1952 nearly half of the population of this small town 
was wiped out when a huge 18m wave caused by a 9.0 magnitude earthquake flattened the whole 
area. 

6. Chile, 2010- An 8.8 magnitude earthquake rocked the coast of central Chile in the early hours of 
27 February 2010, close to the coastal city of Concepcion. The intense shaking lasted around 3 
minutes and was felt as far away as Sao Paulo, Brazil, 4,620km away. 

7. Rat Island, USA, 1965- An 8.8 magnitude earthquake on Rat Island in 1965 caused a tsunami 
wave over 10m in height on Shemya Island 304km away. 

8. Assam, India, 1950- The strongest earthquake ever recorded on land with a magnitude of 8.6 
took place between Assam in India, and Tibet, with an epicentre located in the Mishmi Hills of 
northeastern India. 

9. Aleutian Islands, USA, 1946- In April 1946, an 8.6 magnitude earthquake caused a widespread 
tsunami travelling at a reported 800km/h right across the Pacific Ocean, causing widespread 
devastation. 

10. Indian Ocean, 2012- On 11 April 2012, a huge 8.6 magnitude earthquake 610km off the Banda 
Aceh coast was recorded, followed closely by another with a magnitude of 8.2. 

2.7. Methods to structure earthquake proof buildings  

One big misconception that we need to get out of the way first is that buildings will get damaged 
during big earthquakes. But structural engineers designed these buildings so they don't collapse so 
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people can evacuate the building safely after noon. Can't we just build them like Legos and they'll 
stand up but during an earthquake or heavy winds they're most likely going to collapse which brings 
us to:  

1.  Using moment frames 

Structural engineers sometimes use what they call moment frame connections to strengthen the 
joints. These are basically joints that are heavily welded or heavily bolted. During earthquakes 
building will stand, but it can wobble and deform quite a bit, and that's one of the cons of using a 
moment frame system along with it not being the most economical solution. But architects love 
them because you don't have any walls or braces in the way. You can open up the floor plan a lot 
more with these.  

2. Bracing systems  

These are the bread and butter for steel buildings. Braces are stiff, strong, and economical against 
resisting earthquakes, but they do get in the way of the architecture. Braces, as the name suggests, 
brace the building during earthquakes and they are effective. If we install braces on the molar 
model, you can see that during earthquakes they are stiffer and deformed less than the ones with 
the normal frames. Buildings can deform and get mangled but without tearing apart. The earthquake 
forces focus all of their energy on the weakest link, the brace. And that's good because they ignore 
the most important parts of the structure, which are the beams, floor systems and columns.  

3. The shear wall systems  

structural engineers call them shear walls, but they're basically walls that take the earthquake forces 
and they prevent the building from shearing off the foundation. When we install shear walls on the 
molar model, you can see that these are basically the strongest and the stiffest of structural systems, 
so it's pretty common to see them used in mid rises and high-rise projects. They're the most 
economical option to resist earthquake forces as well. 

4. Dampers  

Dampers reduce earthquake vibration on the building or structure. There are various damper 
systems such as liquid filled dampers, mass tuned dampers or viscous dampers. Let's focus on liquid 
filled dampers. On top of the building, the water sloshes around in the damper during an earthquake 
and this sloshing reduces the earthquake vibrations to the structure. 

5. Seismic base isolation  

This method involves putting roller skates under the building so it's kind of floating above the 
ground. You can't get hit by an earthquake if you're not touching the earth? This includes putting 
base isolators, which are usually in the form of ball bearings, rubber bearings, or friction bearings 
underneath the structure. 

3. COMPARISON BETWEEN BUILDINGS WHICH DID AND DID NOT COLLAPSE 
3.1 Why did buildings in Turkey collapse?  

Across the border in Syria, buildings in these areas were already weakened by the prolonged civil 
war. But what really complicates this disaster is that Turkey was aware of the buildings that were 
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the highest risk. They're called soft story structures. A soft story building is typically a large 
structure with multiple floors and an open plan on the bottom. That bottom floor can sometimes be 
a parking garage, space for small businesses or extra homes. But they historically do a poor job of 
withstanding medium to powerful earthquakes. Columns could be made of brittle concrete, and the 
stories on top might be made of stone and a stronger mix of concrete. Sometimes the bottom floor 
has fewer walls than the ones above with sides that may be left open or columns that aren't 
connected by walls. This means that a soft story is the weakest floor and cannot fully support the 
heavier ones above it. So, when an earthquake hits, the structure may shake until the bottom floor 
collapses. There is a way to keep soft story buildings intact in the event of an earthquake, retrofitting 
them with materials that can support the weight of the structure. Columns can be replaced or 
reinforced with steel frames, open walls can be reinforced too, and extra bolts and braces can be 
drilled into the foundation. So, if the structure shakes their support from that bottom floor. Around 
6.7 million residential buildings in Turkey need retrofitting or reconstruction but until now only 
about 4% of those buildings were transformed.   

 

3.2. How is Japan earthquake-proof?  

An object that cannot be moved cannot stay that high if the ground beneath it wants to shake it 
down to its core, in Japan these skyscrapers have to move. After 2011 earthquake in Japan all even 
smaller temporary structures have to be resilient against earthquakes across the country. There are 
two primary levels of resilience that these engineers work towards. First is to withstand more minor 
earthquakes like the one that Japan may see several times throughout its lifetime. For this 
magnitude, any damage is unacceptable as they want the building to be so well designed. That these 
earthquakes can pass, and the building is left unscathed. The second level of resilience is the ability 
to withstand extreme earthquakes. Preserving buildings, ideally, is no longer the goal. Instead, any 
damage that does not cause human casualty is acceptable, and the designs are meant to protect lives. 
That is actually the minimum requirement. To withstand these incredible forces, buildings have to 
be made to  

Figure 40. Collapsed building, Turkey 2023 
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absorb as much of the seismic energy as possible so they will not collapse. Buildings or structures 
are set supports of shock absorption, which are sometimes as simple as blocks of rubber that are 
about 12 to 20 inches thick. This shock absorption works to resist the motions of the earthquake 
and take the pressure off of the buildings. They sit on rubber pads wherever they build columns, 
down to the foundation. Motion dampers throughout the height, however, can also improve 
resilience. If you put dampers throughout at certain levels, like every other floor, you can reduce 
the overall motion of the building during an earthquake to a much smaller amount and prevent 
widespread structural damage. They use rods of carbon fiber to help anchor it. They use the 
combined 1031 rods attached to the roof. This may be the first time that carbon fiber has been used 
in this way.  

REFERENCES: 

[1] https://youtu.be/141Zmuw9Xcg?si=83ZFdMt3zDUkCUVM 
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[3] https://youtu.be/ksyR3jWgFKc?si=6bkOERlnIZvZH4OC 
[4] What Causes Earthquakes (youtube.com) 
[5] 🔬 Science Max - EARTHQUAKES - Home Experiments 🌎 (youtube.com)  
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The importance of engineering measures for the prevention of landslides 
caused by human activity in the area of Cfaka, Gjirokaster 

Elisa Mehmeti 

Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania 

The city of Gjirokastra lies on rugged terrain, thus giving the city a dynamic character. The diversity 
of the relief has caused, from the compositional point of view, the neighborhoods to stand as 
separate units and the problems with the stability of the slopes are very widespread. The causes 
related to slope failure can be natural or artificial, caused by human activity. During the 1990s and 
before, a negligence in the geological and geotechnical studies of construction sites for multi -story 
buildings was found. In many cases, people not being specialists, especially geotechnical, do not 
understand the strained condition of the ground. People with their activity provoke and activate 
slope failure. In both cases the damage can be irreparable and not infrequently catastrophic. On the 
eastern-northeastern slope of the Cfaka hill, phenomena of segmented landslides of the rock mass 
are found, at different times. In this area, the state of critical balance is predisposed to slip without 
warning, bringing about the destruction of buildings and endangering the lives of the residents who 
live there. Therefore, the purpose of this study is to present a solution to this problem with pile 
walls and stabilization of the slope with Geocell material. 

 
Keywords: Landslides, slope failure, pile wall, Geocell material, Cfaka. 

 

1. INTRODUCTION 

Studies and evaluations of geological-engineering conditions in the "Punetori" Quarter, on the 
eastern slope-northeast of the Cfakes hill, they find phenomena of segmented landslides rocks, at 
different times. In this area, the threatening state of its sustainability is clearly evident, as a result 
of the presence of the base formations which are the lower Oligocene flysch with a 25-35 ̊ dip in 
the direction of decrease in relief. They are formations with weak to medium cementation and are 
unstable against the action of the waters.  
From the frequent artificial interventions for constructions, the premises for discovery of layers, 
cracks which allow the infiltration of water in the rainy season inside the rock formations and their 
weathering. It is emphasized that this area is in condition of critical balance and prone to slip 
without warning. 
The excavation carried out for the construction of the retaining wall behind the warehouse, the 
dumped soil, as well as the discharge of used household water, as well as the landslide of 2011, 
have complicated the geological-engineering environment of the territory, for the proper 
functioning of engineering facilities, especially housing. 
 
According to findings obtained on the ground, in this area the ground has cracked in some parts. 
This has caused damage and cracks in the surrounding houses. On this slope with extension almost 
in the northwest-southeast direction and northeast-east decline, are ascertained and evaluated from 
a geological-engineering point of view, some landslide phenomena segmented, at different times. 
 
In the slope in question, we have an almost perfect match of the elements of alignment and the 
decline of the slope with the elements of extension and decline of the sacrificial layers, which build 
this slope. The relief is quite wavy and fragmented due to erosion and its phenomena landslides that 
occurred in a segmented way at different times, as well as fillings with materials from the 
excavations during the opening of the foundations of the buildings built on this slope. 
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Figure 1 & 2 Photo of the damage caused by the slide. 

2. EVALUATION OF THE PARAMETERS FOR GEOTECHNICAL AND 
STRUCTURAL CALCULATIONS 

Based on geological survey, seismic survey, seismic evaluation of the area and using several from 
the newest methods in the field of geotechnical engineering in general and mechanics the rock in 
particular, the physical-mechanical parameters of the rock mass were evaluated. Soil parameters 
were obtained according to the report, based on the four boreholes. 
A summary of the soil parameters is given in Table 1. 
 

Table 1.  Soil parameters 
Borehole S2 S2 S5 S5 
Sample S2-SC1 S2-SC2 S5-D1 S5-SC1 

Depth (m) 4.20-
4.60 

13.20-
13.50 

1.50-
2.50 

3.20-3.50 

W (%) 15.2 19.2 10.9 10.1 
γ (kN/m3) 19.6 20.6   
γo (kN/m3) 26.5 26.7 26.9 26.7 

e     
LL (%) 36.5 41.8 41.7 39.5 
PL (%) 24 23.3 26.4 23.3 
PI (%) 12.5 18.5 15.3 16.2 

Gravel (%) 28 39.3 39.2 37.5 
Sand (%) 17.6 21 23.3 20 

Powder (%) 29 17.7 20.6 19.2 
Clay (%) 25.4 22 16.9 23.3 

USCS CL CL ML CL 
UCS (kPa) 243    

ϕ (o) 29.6 29.5   
c (kPa) 45.4 31.6   

 
To determine the parameters of the rock, the results of the 4 Boreholes were used, and the 
parameters needed to calculate the stability of the slopes and the protective measures were 
evaluated. A summary of these parameters is given in Table 2. 
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Table 2. Rock parameters from laboratory tests 
Borehole P1-AMP S1 S5 
Sample C1 C1 C2 

Depth (m) 1.0-1.2 6.30-6.50 9.50-9.80 
ϕ_peak (o) 45.47   

c_peak (kPa) 220   
ϕ_res (o) 32.43   

c_res (kPa) 90   
UCS (MPa)  10.78 17.43 
Etan (GPa)  2.35 3.92 
Esec (GPa)  2.64 3.82 
Eave (GPa)  2.5 3.72 

UCS  5.39 8.72 
 
From the evaluation of the above parameters, the following data (Table 3) can be given for the 
different areas and layers, for the evaluation of the rock without cracks. The linearization of the 
Hoek–Brown Criterion was used to obtain the Mohr–Coulomb parameters of the mass rock, 
although the input data according to the Hoek–Brown criterion, which is a non-linear criterion, 
unlike Mohr–Coulomb, which is the linear criterion, was used in the calculation. 
By applying the Generalized Hoek-Brown criterion, the parameters for the rock mass were 
calculated (for reference, since the calculation programs used include the generalized Hoek-Brown 
criterion as a resistance criterion for rocks.) 

Table 3. Rock parameters for use in calculations 
Borehole P1-AMP S1 S5 
Sample C1 C1 C2 

Depth (m) 1.0-1.2 6.30-
6.50 

9.50-9.80 

mi 10 15 15 
D 0 0 0 

GSImax  40 60 
GSImin  30 50 
mb(max)  1.7598 3.5948 
mb(min)  1.2313 2.5152 
a(max)  0.5114 0.5028 
a(min)  0.5223 0.5057 
s(max)  0.0012

73 
0.011744 

s(min)  0.0004
19 

0.003866 

ϕm_max (o)  30.98 37 
ϕm_min (o)  27.94 34 

cm_max (MPa)  0.5216 1.1388 
cm_min (MPa)  0.4382 0.9813 
Em_max (MPa)  421.48 1986.4 
Em_min (MPa)  214.85 1173.45 
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Figure 3 shows the position of each layer in the GSI diagram, as well as the corresponding rating 
according to the GSI system. 
 

 
 

Figure 3. Classification of the rock massif according to the GSI system [1] 
 

3. ENGINEERING MEASURES IN THE AREA 

To stabilize the slide below the building no. 2 engineering measures have been taken:  
1. Construction of the frame with piles (measure 2), 
2. Construction of the wall piles (measure 4) 
3. Systematization of the square and alleys with concrete 
4. Systemization of surface water and used water, 
5. Systemization of the area with slopes 5.5x2.5 m (α= 24°) with 2 m wide, reinforced banks 
with geocell NPA 356 x100 (cat. B). 
6. Planting of the systemized area with acacia trees and construction of canals with multimat 
coating 100 at the end of each escarpment. 

 
3.1. Measure no. 2 - Frame with two rows of piles, ∅ 800, L=15 m. Reinforced concrete pile walls 
incastrated with reinforced concrete beams 
 
Since the geological-engineering study highlighted the presence of a visible sliding plan, which 
endangers the objects that occur on the slope, an engineering measure was designed in the form of 
a frame, composed of two rows of piles with length L=15 m, one in the form of a wall with piles 
with diameter ∅800 placed every 1 m and connected with reinforced concrete beams at their heads 
and the other row with piles ∅800 every 3 m located at a distance of 4 m from the first row of piles. 
Both rows are connected to each other with reinforced concrete beams at the head of piles with 
dimensions 40 cm x 40 cm, in a part of them thus creating a frame with high gravity, which solves 
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the risk problem of objects from the destruction, as a result of the landslide on the hill. The total 
length of the pile wall is L = 39.2 m, while the second row of piles is 16.2 m long. Such a solution 
it was given for the safety of the building from the works during the construction phase. In this way 
a minimum distance of 2 m from the edges of the building has been maintained. 

 
 

 
 

Figure 4. Measure no. 2 
 
The design of the structure was done in such a way that the connecting beam of the structures does 
not have a large inclination, according to the instructions of the geotechnical engineer. 
The reinforced concrete wall above the head of the piles was designed as a retaining wall for the 
road and the necessary fillings on the structure of the piles to reach the appropriate quotas, with a 
height of h=1.8 m. Also on the reinforced concrete wall, the placement of the handrail is foreseen, 
since the height of the wall with piles is significantly, to increase the safety of the residents of the 
area. 
 
3.2. Measure no. 4 – Pile wall ∅ 800, L=15 m. Reinforced concrete wall, incastrated in the 
reinforced concrete beam at the head of the piles 
 
In the lower part of the slope, since the surface where the slide occurred is significantly, to prevent 
further sliding, which endangers the objects below it, designed a wall with piles, with the length of 
the piles L = 15 m, with a diameter of ∅800, placed every 1 m from one another. The piles will be 
embedded in the base rock formation to win full stability of the slope in the problem area. In the 
beam that connects the piles, a reinforced concrete wall is embedded with a height of 1.8 m which 
will serve as a retaining wall for the filling necessary for systematization of the escarpment. The 
overall length of the pile wall is L=51.2 m and it is designed as such to protect the entire area with 
problems. During the design, care was taken to maintain the distance from the objects in such a way 
as not to cause any possible damage during the works, also to create sufficient space for the 
realization of works during drilling and concreting of the piles. 
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Figure 5. Measure no. 4 
 
3.3 - Ground system with escarpments with Geocell, berm 2 m and planting with acacia every 4 m 
 
To provide a permanent solution to the stabilization of the slope in its upper and lower part, to 
eliminate any possible surface slippage and to enable access and afforestation of the area, the 
systemization of the escarpment with a small inclination angle (α=24°) and with horizontal berms 
2 m wide every 5.5 m. 
These berms, in addition to their function to receive materials that may slide from the surface of 
the escarpments, will also serve as an access road for the maintenance of the escarpment and for 
planting trees. 
The slopes will be reinforced with Geocell type 356x100, Category B, which are calculated for 
sliding and will ensure the stabilization of the slopes from any possible sliding or erosion problems. 
For the afforestation of the surface, the acacia tree was considered, since the acacia is known as a 
tree that has need for a significant amount of water. So, in addition to the consolidation of the terrain 
and the elimination of any possible erosion from the presence of trees, this will help the surface of 
the slope stay dry and free of surface and underground water. Acacias will be planted every 4 m. 
 

[2] 

 
 

Figure 5. Stabilization of slopes with Geocell and berms and planting with acacia 
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3. CONCLUSIONS 

Deforestation of the area and interventions in the lower base of the slope has brought about the 
destruction of the natural protective measure and the loss of stability of the slope. 
Referring to the area and the location of the facilities in the area, the engineering measures are 
different, in accordance with the safety of the facilities, users and residents. 
In the lower area of the sliding plane, in all cases, the construction of the piles is planned, which 
cross the sliding plane and ensure the stability of the slope. 
It was considered necessary to use reinforced concrete elements in this area as materials with high 
bearing capacity. 
To avoid slipping, the slope is arranged at a certain angle. In order to be friendly with the 
environment and to create a relaxing environment, artificial afforestation of the area is planned. 
Later, the continuation of afforestation as a natural process is foreseen. The growth of grass and 
shrubs will lead to a natural protection of the surface of the slope. 
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Soil erosion represents one of the destructive phenomena of the earth's relief, both through surface 
and deep erosion. The visible activity of water erosion, typical for watersheds, observed in our 
country, is favored by many factors such as relief, geological composition, soil, climate, etc. 
Precisely the inhibition or prevention of this phenomenon, present in water catchment basins, 
especially in those with a substantial risk of erosion, brings to attention and instructs as necessary 
the performance of works of a biological, biotechnical, and engineering nature. In this binomial of 
bio-engineering works, the primary role, for the systematization of ponds and mountain streams, 
takes the vegetative cover, especially the forest cover, with the gradual installation of which its 
protective function also increases, but in parallel with the performance of such works, it is also 
recommended performing other works, of a biotechnical and engineering nature, with the function 
of holding solid materials, strengthening the bed and directing water flows. This project, which has 
as its theme the systematization of a forest area in the area of Korthpula in the Puka District is 
approaching this goal through biotechnical and engineering work. The practical realization of this 
project will have a positive effect on the protection of the soil from erosion and the prevention of 
sediments created by this phenomenon, which appears mainly during the period of the rains. Also, 
this project will lead us to the improvement and sustainable management of this ecosystem. In order 
for the effect of the measures to be as great as possible, it is proposed to do a combination of the 
biotechnical works with the engineering works provided for in the project, namely in the upper 
parts of the ravines, fences with single and double reinforcements will be built and in the lower 
parts of the ravines, ambushes with stone masonry will be built. 

 
Key words: Soil, erosion, watersheds, bioengineering, ravines. 

 

1. INTRODUCTION 
Soil erosion represents one of the destructive phenomena of the earth's relief, both through surface 
and deep erosion. The visible activity of water erosion, typical for watersheds, observed in our 
country, is favored by many factors such as relief, geological composition, slope, vegetation cover, 
soil, climate, etc [1]. 

Precisely the inhibition or prevention of this phenomenon, present in water catchment basins, 
especially in those with a substantial risk of erosion, brings to attention and instructs as necessary 
the performance of works of a biological, biotechnical, and engineering nature [1]. 

In this binomial of bio-engineering works, the primary role, for the systematization of ponds and 
mountain streams, takes the vegetative cover, especially the forest cover, with the gradual 
installation of which its protective function also increases, but in parallel with the performance of 
such works, it is also recommended performing other works, of a biotechnical and engineering 
nature, with the function of holding solid materials, strengthening the bed and directing water 
flows[1]. 
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This project, which has as its theme the systematization of a forest area in the area of Korthpula in 
the Puka District, is approaching this goal and such objectives, through the provision of two types 
of works (biotechnical and engineering) [3]. 

The practical realization of this project will have a positive effect on the protection of the soil from 
erosion and the prevention of sediments created by this phenomenon, which appears mainly during 
the period of the rains. Also, this project will lead us to the improvement and sustainable 
management of this ecosystem. 

In order for the effect of the measures to be as great as possible, it is proposed to do a combination 
of the biotechnical works with the engineering works provided for in the project, namely:  

✓ in the upper parts of the ravines, fences with single and double reinforcements will be built. 
✓ in the lower parts of the ravines, ambushes with stone masonry will be built. 

 
2. MATERIAL AND STUDY METHOD 

2.1. Scope of the Study 

Based on the evidence of the current situation of soil erosion in the Puka area, it was concluded that 
one of the most problematic areas in relation to this phenomenon was the Korthpula area. 

For this reason, within this territory, an area was selected as a case study which is under private 
administration and is part of the Gomsiqë forest economy, which is located in the South West of the 
city of Puka, the village of Korthpule about 26 km away from it and is included in the geographical 
width north-east with coordinates 41°58'15.07"N - 19°48'8.02"E and 41°58'15.60"N - 19°48'4.25"E 
and south-west 41°58'9.10"N - 19° 48'8.19"E and 41°58'10.38"N - 19°48'3.32"E[2][3]. 

 

Figure 1. Orthophoto of the area 

2.1.1. Geomorphological indicators of the study area 

In the development of the phenomenon of erosion, a particularly key role is played by the different 
geomorphological indicators of the area, such as the average height, slope, density of the 
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hydrographic network, etc. The identification of these elements for the study area was done by 
analyzing different materials and maps [2]. 

These data are reflected in the following table: 

Table 1. Geomorphological indicators 

Nr.  Geomorphological indicators 
Average height (Hmes) Average Slope 

(imes)  

Density of the hydrographic network, 

(Drr) 

1. 568 m/sea level 33% 15 km/km2 
 

2.1.2. Pedology and geology of the study area 

The object is located on the type of mountain brown soils (Albanian system) or on the Calcaric 
Cambisols type according to FAO. These lands lie in the area of the low mountains, at an altitude 
ranging from 600-1000 m above sea level. These soil types are distinguished by quite different 
profiles [4][5]. 

Regarding the geological formations, we can say that this area is part of the Neogene system, the 
Pliocene section and the rocks are sandy and friable conglomerates, which helps in the further 
development of the erosion phenomenon. 

 

Figure 2. Geology of the study area 

2.1.3. Vegetation 

The area of the object where works will be intervened is 1.9 ha, which is mostly covered with 
vegetation. The largest part of the surface covered with vegetation is covered with the type of soft 
chestnut (Castanea sativa) which is spread uniformly over almost the entire surface. As far as shrubs 
are concerned, the most widespread are red juniper (Juniperus oxycedrus L.), Grathateli (Erica 
herbacea L.), Listera (Thymus longicaulis C. Presl.), red oregano (Origanum vulgare L.), etc. [4][7] 
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Figure 3. Use of the territory 

2.1.4. Climatic conditions 

All the main climatic elements, especially rainfall and temperatures, affect not only directly but 
also indirectly the birth and development of soil erosion, therefore their study is of particular 
importance for cases when we want to design measures for combating erosion as well as in the 
implementation of agro-silvotechnical works. 

For the study of climatic elements, we have considered the long-term meteorological data from the 
Hydrometeorological Institute of Albania (IHMA), extracted, and processed from the 1951-1990 
series for the Puke meteorological station [5]. 

The average annual temperature turns out to be 10oC, while the annual amount of precipitation turns 
out to be 2100 mm/year. 

 
Figure 4. Thermo-pluviometric diagram of the Puka area 

2.2. Study methodology. 
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The methodology used for the identification and design of contemporary measures for the 
prevention and minimization of the phenomenon of erosion in the study area has been concluded 
in the following steps. 

- The first step: concluded in the identification of all water formations (rivers) where biotechnical 
and engineering works will be intervened. In order to make it possible to identify them as accurately 
as possible, we have used the autophotos of the area and various satellite images, as well as their 
identification and updating in the field. 

- The second step: ascertains the construction of longitudinal and transverse profiles of these water 
formations, through their measurement on the spot by means of various modern geodetic devices. 
The construction of these profiles has helped us to determine the exact number and position of 
different works in the field. 

- The third step: in order to determine the height of the work coverage, we calculated the 
compensation slope for each water formation (valley). The proposed measures will contribute to 
changing the longitudinal profile of the ravines by building a series of ambushes (pair fences and 
ambushes with stone walls and concrete belts). Based on the real situation and current conditions, 
we propose that the longitudinal profile after the construction of various works reaches a 
compensation slope of 3-5 degrees. 

- The fourth step: after determining the height of the coverage of the works for each valley and to 
achieve the slope of the compensation, the positioning of each work to be built was done on the 
ground, thus compiling the map of the planned works for the study area. 

- The fifth step: for each proposed work, their frontal, transverse, and top sections were drawn with 
real dimensions. The recording and sketching of the works with real dimensions served for the 
correct design of the volume and items of the works which are reflected in the relevant preventive 
measures. Based on the volume of work, the work schedule has also been drawn up, which defines 
the phases that must be followed by the project implementer. 

3. RESULTS AND PROPOSED MEASURES 

Considering the variety of landforms and current conditions, for the study area, the measures to 
combat erosion and retain solid materials in water formations should be as diverse and appropriate 
as possible to respond to each phase. of the development of the corrosion phenomenon and the 
damage is as small as possible. 

In order for the effect of the measures to be as large as possible, a combination of the biotechnical 
works with the hydrotechnical ones foreseen in the project should be done, and specifically:  

✓ in the upper and middle parts of the slopes, fences with single and double reinforcements 
should be built. 

✓ in the lower part of the ravines where their depth and width are greater, ambushes will be 
built with dry stone walls and concrete belt. 

From the assessments made, it results that to achieve a constant profile where the phenomenon of 
erosion and the transport of eroded materials is no longer conducted, for each brook it is necessary 
that the height of the covering with protective works is as follows [6][8]: 

• for the ravine, no. RR1 about 1.5 m 

• for the ravine, no. 1 about 1.5 m. 
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• for the ravine, no. 2 about 1.5 m. 

• for the ravine, no. 3 about 1.5 m. 

• for the ravine, no. 4 about 1.5 m. 

• for the ravine, no. 5 about 2.25 m. 

• for the ravine, no. 6 about 2.05 m. 

• for the ravine, str. 7 about 12 m. 

• for the ravine, no. 8 about 15.4 m. 

• for ravine no. 9 about 11 m. 

Based on the above as well as the evidence of the situation in the country, it is proposed to build in 
each ravine: 

Table 2. The distribution of even fences and ambushes in each ravine 

 

 

Figure 5. Distribution scheme of bioengineering and engineering works 

Nr. Ravine Labeling Double fences 
(number) 

Barrier with dry wall and 
concrete layer 

1. Ravine Nr_RR1 2 0 
2. Ravine Nr_1 2 0 
3. Ravine Nr_2 2 0 
4. Ravine Nr_3 2 0 
5. Ravine Nr_4 2 0 
6. Ravine Nr_5 2 0 
7. Ravine Nr_6 1 1 
8. Ravine Nr_7 14 1 
9. Ravine Nr_8 14 3 
10. Ravine Nr_9 9 3 
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Figure 6. Illustrative photo of the construction of the profiles and details of the ambushes 

In order to increase the sustainability of the project, the biggest risks that could lead to damage to 
the proposed works, biotechnical works (single and double fences) and engineering works (dry 
stone wall ambush and concrete strip) have been identified. Among the most likely risks are: 

❖ Quality of works. 
❖ Extreme weather conditions when water discharge is above project forecasts. 
❖ Deliberate damage to works. 
❖ Possible fires (intentionally/unintentionally), which can affect the damage of biotechnical 

works (single and double fences). 
Based on the volume of the works as well as for their quality performance and within the technical 
conditions, it is proposed that their duration be extended to a period of 1 (one) year, starting at the 
beginning with the construction of double fences in the upper and middle parts of ravines and then 
with the continuation of the construction of the pits with dry rubble and concrete belt in their lower 
parts. 

This division is made because the beginning of the works in the upper parts would make it possible 
to keep a significant amount of solid material corroded and deposited, leading in this way to increase 
the life and efficiency of the protective measures proposed in the following parts. 

The drafting of preventive measures for performing the economic analysis of the project is based 
on two aspects, (1) the ecological conditions of the ecosystem, the volume of works, the technique 
of their execution and the technology used and (2) relying on the relevant manuals rates and 
financing opportunities. 

We must underline that the mountain systems do not bring income directly, but they influence quite 
indirectly. These works have a tremendous impact on the protection of different environments and 
ecosystems from soil erosion, transportation and sedimentation of eroded materials in the postme 
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parts where they are deposited. Failure to carry out these works brings incalculable consequences, 
as has happened everywhere in our country, making it possible to fill agricultural lands with inert 
material, significantly reducing their productivity and in some cases putting them out of their 
productive function. Based on this context, the intervention with these works is also considered as 
the maximum effectiveness of the systems in the selected area [3][4]. 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

For the design of strategies and various application projects related to the sustainable management 
of water resources in a watershed, the trend of the phenomenon of erosion and sedimentation must 
be known. 

➢ In order to make it possible to curb and minimize the amount of eroded and sedimented 
material not only in the watersheds of the Korthpula area in Pukë but also in other 
watersheds of the Drin River, it is necessary to intervene with various contemporary works 
and innovative as biological, biotechnical and engineering works. 

➢ For the design of studies and application projects, modern methods and methodologies 
should be used, which should be based on green solutions and as naturalistic as possible. 

➢ After the on-site completion of the works proposed for the following years by us and the 
relevant authorities, the process of monitoring the filling with solid materials in the works 
built along all the ravines of this area should be carried out. 

➢ Estimating the amount of material eroded and deposited in these works would help us in 
providing an accurate overview of the amount of material eroded for the area taken in the 
study. These data will serve for the improvement and design of other feasible projects in 
the watersheds of this basin. 
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Soil erosion is a gradual process that occurs when the impact of water or wind detaches and removes 
soil particles, leading to the deterioration of the soil. Understanding future conditions related to soil 
erosion is essential for sustainable management of water resources, especially watersheds in 
general. Calculating the amount of eroded and deposited soil in the watershed of the Lumbardhi i 
Deçanit using the Soil Erosion Potential Method (SEP) is considered cost-effective, as it allows us 
to establish direct connections between land use, current watershed management practices, and their 
impacts on water flows and soil erosion. The main objective of this study has been to assess the 
potential amount of eroded and deposited material in the watershed of Lumbardhi i Deçanit. About 
53% of the watershed area is under erosion. The Lumbardhi i Deçanit watershed consists of 8 sub-
watersheds. Using the Soil Erosion Potential Method (SEP), the calculation of the amount of eroded 
and deposited material has been carried out for these 8 sub-watersheds. The results of the 
calculations have determined the vegetation cover coefficient, soil resistance coefficient to erosion, 
and the type and degree of erosion in each sub-watershed. The point of this work is to draw 
conclusions about the necessary interventions with various biological and engineering works to 
enable the control and minimization of the amount of eroded and sedimented material in the sub-
watersheds of the Lumbardhi i Deçanit Watershed. 

 
Keywords: Erosion potential method, Lumbardhi I Deçanit, watershed, soil erosion. 

1. INTRODUCTION  

Knowing the amount of soil eroded and deposited in the Decan Lumbardh watershed, using modern 
methodologies, is considered cost-effective as it will allow us to establish direct links between land 
use, current watershed management practices and impacts in water runoff and soil erosion. 
As the impact of the erosion of solid materials in a watershed is known, it is evident even in areas 
that are not directly exposed to erosion, but they suffer its consequences in the form of sediment 
deposition in water courses and reservoirs, resulting in in the reduction of water quality and the 
degree of loading of water flow with solid materials. 
All these elements have a negative impact on the water regime. Moreover, the control of 
sedimentation in reservoirs requires a good knowledge of all possible significant sources of 
sediment production and their deposits. Recent studies show that deep soil erosion is often the main 
source of sedimentation. 

2. MATERIALS AND METHODS 

2.1. Scope of the study 

Lumbardhi i Deçani flows in the western part of Kosovo, it is the right branch of Drin i Bardhë, 
with a length of about 53 km. It joins the Drini e Bardhë near the village of Kralan, Municipality 
of Gjakova. 
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Watershed of Lumbardhi i Deçanit has an area of about 268.3 km2, it is located between the 
coordinates 42°39'34" and 42°30'50"N of the northern latitude and between the coordinates 
20°4'21" and 20°32' 51"E of eastern longitude. It lies almost entirely in the administrative territory 
of the Municipality of Deçan, only in the lower part of its course it passes into the territory of the 
municipalities of Gjakova and Peja. 

Watershed of Lumbardhi i Deçanit has a very high hypsometric dislevel of about 2180 m, most of 
the basin is a mountainous area, only during the middle course and the lower course in the eastern 
part it passes into the plain area, in which part the majority are elevated of settlements. 

Table 1. Forms of land use in the watershed 

 
 
 

Figure 1. Subwatersheds of Lumbardhi i Deçanit 
 
 

2.2.Study methodology. 
 
 

 Taking into account the climate-terrestrial, biological conditions and the parameters that 
characterize the watersheds of Lumbardh i Deçan, as well as referring to the contemporary 
literature, to estimate the amount of eroded material in these watersheds, we propose to use the 
Method of Erosion Potential (MEP). Since this methodology is complex and quite accurate in 

Total surface 

From which: 

Forests Green 
surfaces Bare Lands Built-up 

Areas 
Water 
surfaces Rocky area 

(ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%) (ha) (%) 

26830 100 14260 53,2 3625 13,5 4373 16,3 1267 4,7 100 0,004 3320 12,4 

Legend

Lumbardhi i Deçanit Watershed

Lumbardhi i Deçanit

Main branches

Temporary branches

Subwatersheds of Lumbardhi i Deçani t
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estimating the rate and intensity of solid material eroded and deposited in watersheds. In this 
method, we used topographic and hydrographic information to identify the areas that are most 
affected by erosion and to assess the risk of erosion in the areas around Lumbardhi. The use of this 
method (MEP) for stationary conditions, which represent the places in the Deçan area and its 
surroundings, creates the possibility of evaluating the side effects of soil erosion processes which 
can only be captured by leveling the watershed. In addition, the Potential Erosion Method (MEP) 
also recognizes the types of surface erosion on the slopes of watersheds, considering the fact that it 
uses parameters such as soil moisture, soil type, terrain changes, vegetation mix and agricultural 
practices. The annual erosion levels obtained by the MEP (Potential Erosion Method) are expressed 
in [ m3/ha years], while the erosion levels obtained through other methodologies are expressed in [ 
t/ha years], understanding that the data obtained from this method are much more accurate. This 
method analyzes and takes into account a number of elements that are related to each other through 
the following variables. 

 
Figure 2. Diagram used to calculate eroded and deposited material. 

 
The presented scheme describes the approach that will be used during the study. The main variables 
are: 

− Climatic data that are described as primary data are collected and processed for the period 
of 2020, from the meteorological station of Pejë and Gjakovë as the nearest stations. The 
detailed data will be the average monthly precipitation (h) and the average monthly 
temperature (t) which will serve us to calculate the temperature coefficient (T). 

− Terrestrial data, as secondary data, will be collected from relevant maps (GIS) as well as 
from field data, namely: 

− To estimate the land cover coefficient (x). 
− Soil erodibility coefficient (y). 
− Coefficients of type and rate of erosion (φ) will be estimated from field observations and 

from digital topographic maps. 
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− The average slope of each sub-catchment (im) will be estimated by the Digital Assessment 
Model (DAM). 

− The surface of the Lumbardh i Deçanit (Sp) catchment basin will be determined by 
Topographic Maps. 

The data collected from the above sources will be analyzed through a software of 
built by us, according to the Potential Erosion Method (MEP). Data connection of 
above will be analyzed using the following equations: 

𝑊 =  𝜂 ∙ 𝑆 ∙ 𝑇 ∙ ℎ ∙ √𝑍3  
Where:   W – the amount of material eroded in the watershed/sub-basin (m3/year); 
              S – the area of the watershed/sub-basin (km2); 
              T – temperature coefficient; 
              h – the height of the average multi-year rainfall measured in the catchment basin 
(mm/year); 
              Z – the relative erosion coefficient calculated for the watershed. 
The temperature coefficient T is calculated from the following equation:  

𝑇 = √𝑡
10⁄ + 0.1 

Where:      t – Multiannual average temperature measured in the watershed (°C). 
 
The relative erosion coefficient Z is found from the following equation: 

𝑍 = 𝑥 ∙ 𝑦 ∙ (𝜑 + √𝑖𝑚) 
Where:        x – Coefficient which determines the protective nature of soil vegetation; 
                   y - Coefficient which expresses the resistance of the soil type to the phenomenon of 
erosion; 
                   φ – Coefficient which expresses the presence and rate of erosion in the watershed;  
The values of the aforementioned coefficients (x, y and ϕ) are given in the table below. 
Nr. Coefficient of land cover x 
1 Mixed and dense forest 0.05 – 0.20 
2 Thin forest with grove 0.05 – 0.20 
3 Coniferous forest with little grove, scarce 

bushes, bushy prairie 
0.20 – 0.40 

4 Damaged forest and bushes, pasture 0.40 – 0.60 
5 Damaged pasture and cultivated land 0.60 – 0.80 
6 Areas without vegetal cover 0.80 – 1.00 

 
 
Nr. Coefficient of soil erodibility Y 
1 Hard rock, erosion resistan 0.2 – 0.6 
2 Rock with moderate erosion resistance 0.6 – 1.0 
3 Weak rock, schistose, stabilized 1.0 – 1.3 
4 Sediments, moraines, clay and other rock 

with little resistance 
1.3 – 1.8 

5 Fine sediments and soils without erosion 
resistance 

1.8 – 2.0 

 
Nr. Coefficient of type and extent of erosion Φ 

 
1 Pond without the presence of erosion, coated surface 0.1 
2 Pond with few signs of erosion 0.2 
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3 20-50% of the watershed has signs of surface erosion 0.3 – 0.5 
4 50% of the catchment area has deep erosion 0.6 – 0.7 
5 80% of the surface of the watershed has deep erosion 0.8 – 0.9 
6 The watershed has quite strong erosion 1.0 

 
The total volume of sediment produced in the watershed does not fully reach downstream or in the 
parts where reservoirs or hydrotechnical works have been built placed transversely with the flow 
of water. 
A good part of the sediments are deposited in the flow beds in different areas watershed, therefore, 
it is essential to calculate the real amount of sediment (G) in m3/year. This is accomplished through 
the use of the following equation: 
 

G=WxDr 
 
Where: W - the amount of eroded material in the watershed (m3/year) 
             Dr – Sediment distribution coefficient 
 
The calculation of the sediment distribution coefficient Dr is done by means of the equation 
below: 

𝐷𝑟 =
√𝐻𝑥𝑃

0.25 ∙ (𝐿 + 10)
 

 
Where:    H – Average height of the watershed (km); 
                P – Perimeter of the watershed (km); 
                L – Length of the watershed (km). 
 
Based on contemporary literature and our experience, the potential risk classes of erosion, 
depending on the value of eroded material per hectare per year, will be divided as follows:  
 
Nr. Loss of land (m3/ha/month) Risk of erosion Categories of soil erosion 
1. <2.45 Very low I 
2. 2.45 – 5.00 Low II 
3. 5.0 – 10.00 Mediun III 
4. 10.0 – 20.00 High IV 
5. >20.00 Very high V 

 

3. RESULTS AND DISCUSSION 

The amount of eroded and deposited material for the Lumbardhi Deçani watershed is based on the 
application of the Potential Erosion Method (MEP). The data obtained from the application of this 
method are given in the tables and graphs below. 

Table 3. Collected data on the situation of sub-watersheds. 

  SWB_1 SWB_2 SWB_3 SWB_4 SWB_5 SWB_6 SWB_7 SWB_8 

The surface of the 
watershed (km2) 

S 29 18 27 15 77 68 17 16 

Plant cover 
coefficient 

x 0.4 0.3 0.5 0.2 0.7 0.6 0.9 0.7 
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Coefficient of soil 
resistance to 
erosion 

y 0.8 0.6 1.0 0.4 1.4 1.2 1.6 1.4 

Type and rate of 
erosion in the sub-
watershed 

  0.5 0.4 0.6 0.3 0.7 0.6 0.8 0.7 

Average slope 
below the 
watershed 

i 0.168 0.214 0.128 0.31 0.059 0.077 0.013 0.012 

The average height 
of the bottom of the 
watershed (km) 

H 1.783 1.883 1.86 1.70 1.38 1.40 0.513 0.51 

The perimeter of 
the sub-watershed 
(km) 

P 26.4 18.9 26.8 16.5 83.8 61.2 33.5 26 

The length of the 
sub-watershed(km) 

L 9 6.3 10.4 4.4 33.1 24.9 12.3 11 

 

Table 4. Potential amount of material eroded and deposited in sub-watersheds 

Months   Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

Rain (mm) h 8.45 10 20.4 19.75 32.2 14.4 11.05 22.8 35.05 47.4 0.6 46.65 

Temperature (ºC) t 0.45 5.5 7.55 11.2 15.5 18.55 22.8 22.4 19.9 12.85 6.75 3.95 

Temperature 
coefficient 

(--) T 0.38 0.81 0.92 1.10 1.29 1.40 1.54 1.53 1.45 1.18 0.88 0.70 

Sub-
watersheds 

Relative 
erosion 

coefficient 

Eroded material Sedimentation 
distribution 
coefficient 

Amount deposited 

 (-) (m3/year) (m3/ha/year) (-) (m3/ha * year) 

 Z W E Dr G 

SWB_1 0.29 4366.9 1.5  

 

 

 

 

0.68 

 

 

 

 

 

3.09 

SWB_2 0.16 1055.5 0.6 

SWB_3 0.48 8576.1 3.2 

SWB_4 0.07 258.0 0.2 

SWB_5 0.92 65554.9 43.7 

SWB_6 0.21 6077.2 4.1 
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SWB_7 1.32 24603.8 14.5 

SWB_8 0.79 10836.7 6.8 

Total  121329.1 4.52   

Figure 3. Potential amount of eroded material 

 
As can be seen from the data in the table and graph above, it turns out that the potential amount of 
eroded material for sub – watersheds is 121329.1(m3/year) and the period where the phenomenon 
of erosion is greater is the autumn period, since the amount of rainfall is greater in these months.  
Referring to the above data, it results that the potential amount of eroded material per unit of surface 
area (ha), for the water catchment basins of Lumbardhi i Deçanit, is 4.52 (m3/ha/year). This value 
shows that the phenomenon of erosion in this basin is at low value. 
Based on the calculations made, it results that the potential amount of material transported and 
deposited in the final part of the Lumbardhi i Deçanit catchment ponds is 3.09 (m3/ha∙year). 
As it appears, the value of the potential amount of material transported and deposited in the bottom 
part of this watershed is less than the potential amount of eroded material, since a significant part 
of the eroded material is deposited along other water formations of which characterize the 
hydrographic network. 

4. CONCLUSION 

Through the application of the Potential Erosion Method (MEP), for the Watershed of Lumbardhi 
i Deçanit, it results that soil erosion in this watershed is high, corresponding to an average value of 
4.52 m3/ha/year. 

SWB_1 SWB_2 SWB_3 SWB_4 SWB_5 SWB_6 SWB_7 SWB_8
Eroded Material(m³/year) 4366.9 1055.5 8576.1 258 65554.9 6077.2 24603.8 10836.7
Specific Real Sediment

Production (m³/year) 2966.2 717 5825.3 175.2 44527.9 4127.9 16712 7360.8

Eroded material (m³/ha/year) 1.5 0.6 3.2 0.2 43.7 4.1 14.5 6.8

Eroded Material(m³/year) Specific Real Sediment Production (m³/year)

Eroded material (m³/ha/year)
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For the design of strategies and various application projects related to the sustainable management 
of water resources in a watershed, the trend of the phenomenon of erosion and sedimentation must 
be recognized, 
In order to make it possible to curb and minimize the amount of eroded and sedimented material in 
the Watershed of Lumbardhi i Deçanit, it is necessary to intervene with various biological and 
engineering works. 
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This paper delves into the innovative realm of nature-inspired wave breakers as a sustainable 
solution for coastal protection. Through a comprehensive literature review, we investigate the 
efficacy of traditional engineering solutions alongside the burgeoning field of nature-inspired 
design. Our exploration encompasses a multidisciplinary approach, scrutinizing hydrodynamic 
principles and engineering mimicry to understand the underlying mechanisms behind natural 
coastal features such as coral reefs and sand dunes. Utilizing hydrodynamic modeling, we evaluate 
the wave reduction capabilities and efficiency of engineered structures, while also conducting 
environmental impact assessments to gauge their ecological implications. Furthermore, our 
research integrates these nature-inspired wave breakers with traditional coastal engineering 
methods, assessing their compatibility and potential synergies. Through sustainability and 
resilience analyses, we investigate the long-term viability of these solutions amidst changing 
climatic conditions and sea level rise. Real-world case studies provide invaluable insights into 
successful implementations, highlighting adaptability and offering practical recommendations for 
future endeavors. Moreover, our study includes a comprehensive cost-benefit analysis, considering 
economic implications and environmental restoration benefits. Finally, we delve into the social 
aspects of community engagement, assessing perceptions, acceptance, and potential conflicts 
surrounding the implementation of nature-inspired solutions. Our findings affirm that nature-
inspired wave breakers offer an effective and sustainable means of dissipating wave energy, 
complementing traditional methods while minimizing ecological impact. With positive community 
acceptance and a favorable cost-benefit ratio, these solutions present a promising avenue for coastal 
protection, underscored by real-world success stories and providing a blueprint for future research 
and implementation efforts. 

 
Keywords: Wave Breakers, Nature-Inspired Coastal Protection, Hydrodynamic Modelling, 

Integration Strategies, Community Acceptance, Cost-Benefit Analysis. 

1. INTRODUCTION  

Coastal protection is of primary importance due to the increasing threats posed by climate change, 
rising sea levels, erosion and intensifying storms. To combat these challenges, traditional 
engineering solutions such as seawalls and wave breakers have been widely employed for coastal 
protection. While these structures provide immediate relief, they often come with significant 
drawbacks, including high construction and maintenance costs and disruption of natural 
ecosystems.  
The study will be structured around several key points, each crucial for a comprehensive 
examination of nature-inspired coastal protection methods, but also innovative coastal protection 
methods. This project aims: 

  
- Coastal Protection Methods 

Exploring existing research on coastal protection methods, examining their effectiveness, 
environmental impact, and innovation 

- Understanding Nature's Defense: Exploring how natural coastal features like mangroves and 
coral reefs naturally protect coastlines from wave erosion. 
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- Engineering Mimicry: Investigating how engineering structures can replicate the protective 
qualities of natural coastal features to reduce wave energy. 

- Considering Environmental Impact: Assess the environmental impact of these engineered wave 
breakers to ensure they don't harm coastal ecosystems. 

By addressing these key points, this research aims to contribute to the development of innovative 
and sustainable approaches to coastal protection, ensuring the resilience of coastal communities in 
the face of climate change and environmental challenges. 
 

2. NATURAL HABITATS FOR COASTAL DEFENCE 
2.1.The role of Coastal Ecosystems in mitigating hazards 

Half of the world’s population lives within 60 km of the ocean, and three quarters of all large cities 
are coastal (UNEP, 2005). Coastal areas, face increasing hazards like erosion and flooding due to 
climate change, which brings higher sea levels and stronger storms. While we often use things like 
seawalls to protect these areas, they cost a lot to maintain. Natural things like reefs and dunes can 
also help protect coasts and have other benefits, but we're not using them as much because we're 
not sure how well they work compared to hard structures. This review looks at whether restoring 
or creating habitats along coasts can effectively protect them from these dangers. This is important 
for deciding how to manage coasts as climate change continues. These natural solutions have big 
potential but haven't gotten as much attention as their benefits for wildlife. 

Figure 1. Coastal hazards and protection services provided by natural habitats. 
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2.2.Effectiveness and Challenges of Coastal Habitat Restoration 

Coastal ecosystems, including sand dunes, beaches, salt marshes, seagrass and kelp beds, and coral 
and shellfish reefs, play a crucial role in mitigating coastal hazards (Fig.1). Research indicates that 
these natural habitats can provide effective alternatives to hard coastal defense structures, offering 
resilience and risk reduction against storms, hurricanes, tsunamis, and sea-level rise. 
 
These habitats offer protection through various ecosystem processes, such as increased bed friction, 
sediment deposition, wave attenuation, and shoreline stabilization. For example, vegetated coastal 
habitats like seagrasses, saltmarshes, and mangroves can reduce water flow and wave height, while 
reef systems and subtidal habitats promote wave breaking and local water shallowing. Additionally, 
coastal vegetation and shellfish reefs help stabilize shorelines by promoting sediment deposition 
and reducing erosion. 
 
Studies have shown significant wave height reductions ranging from 31% to 72% for different 
coastal habitats, comparable to low-crested detached breakwaters. Saltmarshes, in particular, have 
been found to positively affect shoreline stabilization, with the degree of attenuation depending on 
vegetation characteristics and environmental settings. 
 
Sand dunes also provide protection against extreme events, although their effectiveness depends on 
their shape and height relative to storm surges or tsunamis. While there are few direct comparisons 
between dunes and hard structures, dunes have been shown to reduce wave strength and decrease 
structural damage during low-energy tsunamis. 
 
However, the value of natural shellfish reefs for coastal defense remains underexplored due to 
widespread destruction. Recent simulations suggest increased wave energy due to historical oyster 
bed loss, highlighting the importance of preserving these habitats. Additionally, the percentage 
cover of ribbed mussels has been found to decrease saltmarsh shoreline erosion synergistically.  
 
Despite their effectiveness, coastal habitats are dynamic ecosystems, introducing uncertainty in 
their long-term resilience. Seasonal variations in aboveground biomass and site-specific factors 
such as tidal inundation and foreshore width can impact their protective capacity. Furthermore, 
habitat destruction due to anthropogenic impacts, including contamination, resource extraction, and 
invasive species introduction, threatens their persistence. 
 
Global losses of coastal habitats, such as oyster reefs, coral reefs, and wetlands, emphasize the need 
for habitat restoration and creation for coastal defense. Restoration efforts have gained traction, 
especially in densely populated areas where habitat destruction is most severe, coinciding with high 
human vulnerability to erosion and flooding. 
 
In conclusion, natural coastal habitats offer significant potential for coastal defense, providing 
effective protection against hazards while offering ecological benefits. However, their dynamic 
nature and susceptibility to anthropogenic impacts highlight the importance of conservation and 
restoration efforts to ensure their long-term resilience and effectiveness in mitigating coastal risks.
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3. ADVANCMENTS IN COASTAL ENGINEERING: INTEGRATING WAVE-
ENERGY CONVERTERS WITH TRADITIONAL BREAKWATERS  

3.1.Traditional Harbor Breakwater 

Breakwaters have been around for thousands of years, with two main types: rubble mound and 
vertical. Ancient civilizations like the Egyptians and Romans started building them. Rubble mound 
breakwaters, like those used by the Greeks, break and reflect waves to protect harbors.  
The function of a rubble mound breakwater, in the past and today, is mainly the energy dissipation 
of the incident waves by wave breaking, partly reflected back to the sea and partly transmitted into 
the harbor due to penetration and overtopping (Fig. 2). Various kinds of rubble mounts breakwaters 
are presented in Fig. 3. 

 
Figure 2. Hydraulic performance of rubble mound breakwaters 

Figure 3. Types of rubble mound breakwaters: (a) reef breakwater; (b) rubble mound breakwater (RMB); 
(c) multilayer RMB; (d) multilayer RMB with superstructure; (e) multilayer RMB with bermed front (f) 

reshaping RMB (berm breakwater); and (g) multilayer RMB with S-shaped front. 

 
The size of the rocks used affects their stability. The Romans invented vertical breakwaters, which 
are solid underwater walls made with special cement. The function of a vertical breakwater, in the 
past as today, is to reflect the energy of the incident waves back to the sea. 
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Wave energy is also dissipated due to wave breaking and transmitted into the harbor area due to 
overtopping (Fig. 4).  

Figure 4. Hydraulic performance of vertical breakwaters 

These lasted a really long time. Nowadays, we often use pre-made concrete blocks for vertical 
breakwaters, which are good at bouncing waves back. However, they can still get seriously 
damaged in big storms, costing a lot to fix. A study found that wave breaking is often the main 
reason for these damages, even in unexpected situations. So, while vertical breakwaters are useful, 
we need to be careful in how we design and maintain them to make sure they stay strong against 
nature's power. Various kinds of vertical breakwaters are presented in Fig. 5. 

Figure 5. Types of vertical breakwaters: (a) vertical breakwater; (b) vertical composite breakwater; 
(c) perforated wall caisson breakwater; (d) horizontal composite breakwater; (e) sloping-top caisson 

breakwater; and (f) block work breakwater. 

3.2.Innovative Breakwater-Integrated WECs (wave-energy converters) 

After the oil crisis in 1973, the international community recognized the importance of investing in 
diverse, reliable, and affordable energy sources, which are alternative to the traditional ones, such 
as oil and gas. Among the renewable energy resources, the oceans represent a safe, inexhaustible, 
and largely untapped source that may significantly contribute to the electrical energy supply of vast 
regions with coasts facing the ocean. In the last decades, several engineers and researchers began 
massive research concerning wave-energy conversion systems. 
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Currently, more than 1,000 WECs have been designed and developed Worldwide. The idea to 
integrate WECs into traditional coastal structures is not recent, and lately, it is boosting innovation 
in the field, moving toward the highest level of research and development. The reasons lie in two 
main causes: 

 
1. Many scientists involved in the renewable energy from the sea were and are coastal 

engineers. This inevitably led to bringing solutions and some creativity from the offshore WEC 
technologies to the maritime construction sector. 

 
2. The main task and challenge for the scientific community operating in this sector are to 

reduce the construction, installation, and maintenance costs for these novel hybrid systems, 
ensuring high levels of operational efficiency, fatigue resistance, and structural integrity during 
both mild conditions and storm events.  

 
Therefore, the concept of hybrid devices that can be integrated into existing or expanding coastal 
infrastructures was proposed to significantly decrease WEC costs. These innovative structures still 
have their principal function of sheltering a location from the action of waves (i.e., coastal and 
harbour protection) but with important benefits of the energy production due to the inclusion of the 
WEC. The integration of the WEC into a new breakwater has several advantages, such as low 
construction costs, considering that the breakwater would be built regardless of the inclusion of the 
WEC device (cost sharing). Furthermore, access for construction, installation, and maintenance is 
much easier compared to other stand-alone devices located offshore. In contrast, the energy 
extracted with these new technologies is minor compared to the devices located in the deep sea. 
Moreover, not all breakwaters are appropriate and feasible for integration, depending on their type, 
geographical location, and orientation with respect to the incident waves. The most relevant 
challenge for coastal engineers involved in this field is to design these nonconventional structures, 
ensuring hydraulic performances and stability similar to that provided by traditional breakwaters. 
The aim is to develop innovative structures, which are economically competitive, with the same or 
improved hydraulic performance and with the benefit of energy production. 

 
It is worth noting that some wave activated body WECs (such as shaped floaters) mounted on 
existing breakwaters also exist. However, the breakwater serves as a support structure for the 
floating gate array, and no real WEC breakwater integration can be detected. In fact, during storm 
conditions, the floaters rise over the water level to protect the system from mechanical damage.  
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Figure 6. OBREC prototype at Naples Harbor: (a) prototype photo; (b) prototype structural components; (c) 
working principle (where SWL indicates the still water level). 

 
3.3.Incorporating ecological engineering into coastal defence planning 

Economic costs for coastal adaptation to climate change using hard infrastructure is substantial. 
Additional costs of US $ 4-11 billion per year are estimated for the coastal engineering protection 
measures required with projected climate change over the next 50 years. Equally, it has been well 
documented that building infrastructure in intertidal and subtidal systems have a number of negative 
ecological impacts. For example, artificial coastal defence structures often support less diverse 
communities than natural habitats, with greater numbers of non-native species. This change in 
assemblage composition is likely to affect ecosystem functioning in artificial systems, and 
consequently the services important to humans (e.g., food provision), although this remains an 
understudied topic. To mitigate impacts of built infrastructure in the environment, there is an 
increasing interest in ecological engineering, which is combining ecological processes with 
engineering principles to develop infrastructure that benefits both humans and nature. Coastal eco-
engineering research to date has ranged from ‘hard’, to ‘hybrid’ to ‘soft’ solutions. 

Figure 7. b) eco-engineered habitats can be retrofitted onto existing infrastructures. c) a shellfish 

reef placed in front of a seawall. d) promotion of nature to enhance climate change mitigation and 
adaptation, explicitly as an alternative to (or to complement) built infrastructure 
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4. CONCLUSION 

Natural Coastal Habitats for Defense: Coastal ecosystems such as sand dunes, saltmarshes, 
seagrass beds, and coral reefs offer significant potential for mitigating coastal hazards like erosion 
and flooding. They provide effective protection through processes such as wave attenuation, 
sediment deposition, and shoreline stabilization. Despite their effectiveness, challenges such as 
habitat destruction and dynamic nature necessitate conservation and restoration effor ts to ensure 
long-term resilience. 
Advancements in Coastal Engineering: Integrating wave-energy converters (WECs) with 
traditional breakwaters presents an innovative approach to coastal defense while harnessing 
renewable energy. This integration not only enhances energy production but also offers cost -sharing 
benefits with existing coastal infrastructure. Challenges include designing structures that maintain 
hydraulic performance and stability comparable to traditional breakwaters while incorporating 
WEC technology. 
Incorporating Ecological Engineering: There is a growing recognition of the negative ecological 
impacts of traditional hard infrastructure in coastal defense. Ecological engineering, which 
combines ecological processes with engineering principles, offers a promising approach to develop 
infrastructure that benefits both humans and nature. From 'hard' to 'hybrid' to 'soft' solutions, there 
is a spectrum of approaches that can be explored to mitigate environmental impacts while enhancing 
coastal resilience. 
 
In conclusion, a multi-faceted approach that integrates natural coastal habitats, innovative 
engineering solutions, and ecological principles is essential for effective and sustainable coastal 
defense strategies in the face of climate change and rising sea levels. This approach not only 
provides protection against coastal hazards but also promotes biodiversity conservation and 
renewable energy production, contributing to resilient coastal communities and ecosystems. 
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Water resources are considerable in Albania. Elements of natural water resources systems include 
the atmosphere, watersheds (drainage basins), stream channels, wetlands, floodplains, aquifers, 
lakes, estuaries, seas, and the ocean. Water resources management involves the monitoring and 
management of water quality as much as the monitoring and management of water quantity.  The 
most fundamental human needs of water are for drinking, cooking and personal hygiene. In order 
to fulfill these needs, the quality of the water used should cause no risk to human health. The quality 
of the water in nature also affects the condition of ecosystems all living organisms depend 
on. Various models have been developed to assist in predicting the water quality impacts of 
alternative land and water management policies and practices.  This research provides a pricing 
framework for decision-makers that will help in the development of strategies for water quality 
management. However, trading schemes can be complex to set up with factors such as the number 
of facilities involved in the scheme and the variety of the pollutants discharged influencing the 
complexity. Success depends upon achieving a balance between the environmental benefits of 
improving water quality and administration costs. In Europe the drive to improve water quality 
under the EU Water Framework Directive (WFD) encourages European citizens to get involved in 
improving water quality. Following recommendations from the IPCC3, the WFD aims to prevent 
and control emissions into water. Implementation of trading schemes could contribute to these 
goals. 

 
Keywords: Mathematical models, Tirana-Ishmi, basin, TDML, environmental protection, GIS. 
 

1. INTRODUCTION  

Albania is a country whose surface water and ground water resources far exceed their usage. Most 
of economic activities relay on utilization of water resources, where over 90% of energy production 
comes from Hydropower Plants (HPPs), and agriculture fully depends on irrigation. Also, other 
sectors of economy like mining, industrial sector and tourism are also relied on clean and sufficient 
freshwater resources. 
During the last decade, monitoring activities of water resources have been carried along the basin’s 
catchment in the whole territory of the country: in Drini, Mati, Ishem-Erzen, Shkumbini, Seman, 
Vjosa River basins, and in the coastal Ionian area. Several monitoring stations are established along 
the coastline in main beaches area of the country, as Velipoja, Shengjini, Durrës, Kavajë, Vlora, 
Dhërmi, Himare, Borsh, and Saranda.  
The country counts a number of 250 natural lakes of different types and categories, where techtonic 
ones are Lake of Shkodra, Ohrid, Prespa and Butrint etc, the karstic ones (around 82) are located at 
the Dumre area; and, glacial ones (around 56) are located in the Alps mountains, Lura lakes, and in 
the areas of Balgjaj, Martanesh, Shebenik, Valmar etc.  
Almost 650 artificial reservoirs and lakes are spread inthe whole territory, where some of them 
were built for the construction of HPP (Fierze, Koman and Vau i Dejes lakes along the Drini 
cascade, and Ulza and Shkopet lakes along the Mati River). Space in the Adriatic and the Ionian 
coast has a total length of about 350 km and a coastline of 475 km. Along this space there are 
allocated main rivers delta estuaries (Drini, Mati, Ishêm, Shkumbini, Erzeni, Shkumbini, Seman, 
Vjosa rivers), lagoon system with a general surface of 1500km2 (Viluni, Patoku, Karavastase, Narta 
and Pashaliman lagoons), sandy and rocky beaches, wetlands, sandy dunes systems, forests etc.  
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2. THE CURRENT SITUATION OF ALBANIA'S WATER RESOURCES 

Albania's water resources have been found to be abundant, in all regions of the country, with an 
uneven seasonal distribution: the available amount of surface water, and to a lesser extent also of 
underground water, decreases strongly during the summer months. This seasonal decrease varies 
with the importance of groundwater and with the existence of regulatory structures; so, the ponds 
of Shkumbini and Semani are particularly affected by the risks of water shortages during the hot 
and dry season. Data collection over the past six years has been insufficient, but water availability 
shows no trend of change. 
The situation regarding water quality is not well known. Monitoring of quality parameters, both for 
surface and groundwater, has become much rarer and the effect of economic changes in recent years 
could not be assessed. However, it appears that poor quality may impose limitations on water use: 
• from rivers such as Kiri (industrial waste), Mati (copper mine) (Fig.2), Gjanica (oil extraction) 
and Ishmi (industrial and domestic waste), the last two are the most serious cases. 
• from underground waters near Lezha and Laçi (saline intrusion) and along Shkumbin and Gjanica. 
• from Lake Ohrid near Pogradec (urban waste). (Fig.1) 
 
                                                               Figure 41. River basin organisation 
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Figure 2. Administration map of the Mat-Ishem-Erzen water resources 

 
2.1.Climate change risk on water resources in Albania  

• Less water available on the source for water supply. 

• Actually1 billion m3 of water is needed to irrigate the potentially irrigable area of 360,000 ha. 
The current water availability has been estimated to be between 0.6 and 0.7 billion m3. Due to 
the anticipated effects of climate change, there will be a need for 1.5 billion m3 of water storage 
per irrigation.  

• Less electricity produced from Hydropower (actually 100 % of energy produced by 
hydropower);  

• Flood risk increase on river deltas especially on Buna and Vjosa rivers.  

• Droughts will last longer on low part and southeastern part of the country.  

• Coastal erosion and coastal land lose risk will be higher. 

2.2.Implementation of international agreements 

The Government of Albania has concluded agreements with neighbouring countries, with the aim 
of solving water management issues, as well as promoting cooperation between these countries for 

https://image5.slideserve.com/9718215/climate-change-risk-on-water-resources-in-albania-l.jpg
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the protection of transboundary waters, for the need to strengthen national and bilateral action, as 
well as for the prevention of pollution water resources. We point out: 

• Ratification of the agreement with the state of Greece in 2003, where only one meeting was 
held in 2008, however, the parties are in constant contact. Despite the expectations from the 
agreement, the results were far from the expectations. 

• The agreement between Albania and North Macedonia was signed for Lake Ohrid "For the 
protection and sustainable development of Lake Ohrid and its basin". 

• In 2011, a Memorandum of Understanding was signed on the "Drin River: A shared strategic 
vision" between Albania, North Macedonia, Greece, Kosovo, and Montenegro. 

2.3.Achievements of water quality in Western countries 

Achieving water quality standard in the USA has been accomplished by making integral plans for 
protection of rivers and stream that have been developed for each impaired river or reach where 
water quality has been deteriorated. The plans obligatorily include developing TMDL. 

The large number of data that are necessary to be collected for integral analyses, as well as 
difficulties that might arise during data processing, assume more frequent application of adequate 
water quality models. In the developed countries that managed to control water pollution, an 
important role has been posed to application of appropriate water quality models. It brings an insight 
into processes in watersheds, and also makes easier assessing of relative contribution of each 
polluter. Benefits of GIS technologies and models application may also be seen for improving trans-
boundary communication and information exchange, e.g. within the Water Observation and 
Information System for Balkan Countries. 

3. RESULTS AND DISCUSSION 

Based on the OECD Framework for Water Management (OECD, 2015), in which section the main 
problems related to water management in Albania will be analyzed.  
 
3.1     Institutional deficiencies 
 
The OECD Principles for Water Management require the creation of a clear institutional 
framework, which well defines and divides responsibilities and roles for the design and 
implementation of water policies, operational and regulatory activities, while promoting 
coordination between responsible authorities. 
From an institutional point of view, the management of water resources in Albania:  

• is almost centralized. 
• Frequent changes have led to the overlapping of responsibilities between institutions  
In the MIBU Strategy it is mentioned that: "Management of water resources at an appropriate 

scale within the integrated management systems of the basin in order to reflect local conditions and 
coordination between different levels based on a good management of the hydrological cycle". 

In this framework, the operation of the Water Basin Councils in Albania at the regional level 
should develop technical and administrative capacities.  
 
3.2     Data and information deficiencies 
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For the design of policies related to the management of water resources, based also on the 
principles of the OECD, relevant data and information on water must be consistent, comparable 
and exchangeable. 

This requires efficient cooperation for the exchange of information between water-related 
producers, data collectors and their users. The main shortcoming of information collection is the 
non-existence of methods for exchanging water data. 

 
3.3     Financial deficiencies 
 

Based on EU Principles for environmental policy, such as the "polluter pays" and "user pays" 
principles, as well as payment for environmental services. Payments for environmental services are 
also included in the regulations of institutions in Albania. Another problem is the analysis and 
evaluation of the costs for the implementation of the large investments of the EU Directives, which 
focus on the treatment of urban wastewater, the provision of drinking water and the management 
of flood risks. Establishing an effective and equitable administrative fee system will ensure that the 
funding gap is effectively reduced at the Water Basin level. 
 

4. CONCLUSION 

Based on the above analysis, we conclude that the institutional and legal framework of water 
resources management: 
In Albania there is an institutional hierarchy, which makes decisions about protection, monitoring, 
evaluation and policies for water management. Water Legality is based on Law No. 111/2012 "For 
Integrated Management of Water Resources". 
 
From an institutional point of view - the management of water resources in Albania is almost 
centralized, frequent changes have led to the overlapping of responsibilities between central level 
institutes and the local one, which has resulted in a fragmented water sector, with inefficient activity 
and lack of transparency. 
 
From a legal point of view - Law No. 111/2012 is an important basis for the management of water 
resources in Albania, however, the Albanian system lacks relevant secondary legislation, in terms 
of mechanisms that should be used in order to provide an effective and integrated water sector.  
 
Data and information - There is a lack of consistent data for the design of policies related to the 
management of water resources. 
 
Commitment with interest groups - regarding the design and implementation of policies related 
to water resources management is not continuous and representative of all interest groups. 
 
The application of GIS and hydrological, hydraulic and water quality models, as well as other 
computer programs, in terms of the sustainable development of agriculture and water management 
in Albania, has obvious advantages. 
 
Investment - The main sources of financing for water distribution companies have been the state 
budget and financing from foreign donors in the form of loans or grants in approximately equal 
ratios. These investments are mainly focused on the rehabilitation of water supply systems and 
analysis as well as the construction of wastewater treatment plants. 
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Analysis and evaluation of costs for the implementation of major investments of the EU Directives, 
with a focus on the treatment of urban wastewater, the provision of drinking water and the 
management of flood risks. Establishing an effective and equitable administrative fee system will 
ensure that the funding gap is effectively reduced at the watershed level. 
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The transportation of construction materials plays a significant role in the successful execution of 
infrastructure projects worldwide. This process has not always been easy, because throughout the 
years humanity has faced a lot of challenges and uncertainties. Therefore, they have come up with 
innovative solutions employed to enhance the efficiency and sustainability of transportation.  It 
starts with ancient methods like manual labor and animal transport, highlighting their essential roles 
in early construction. The narrative then covers key milestones, from steam-powered locomotives 
to modern vehicles, revolutionizing efficiency for global construction. The diverse range of 
materials involved each require a unique transportation requirement and logistical thought. Also, a 
lot of factors need to be taken into consideration such as distance, mode of transport, environmental 
impacts, and financial possibilities. The development of technology of the moving process has 
made a colossal change on the duration of different constructions. By tracing materials movement 
from ancient times to today, this paper provides insights into the dynamic relationship between 
technology, sustainability, and efficiency in construction. It emphasizes the importance of ongoing 
innovation to meet the evolving demands of modern projects while promoting a more sustainable 
future. 

Keywords: Transportation, materials, technology, environmental.  

 

1. INTRODUCTION  

Transportation of construction materials is a critical aspect of any building project, encompassing 
the movement of various materials from manufacturers or suppliers to the construction site. This 
process is fundamental to ensuring the timely and efficient progress of construction projects, as 
well as the overall success of the endeavour.  
Effective transportation logistics play a pivotal role in optimizing resource utilization, minimizing 
costs, and reducing project delays. From coordinating delivery schedules to selecting appropriate 
modes of transportation, every aspect of construction material transportation requires meticulous 
planning and execution [1]. 

 

2. MATERIALS AND METHODS 

2.1. Construction material transportation throughout time 
 
Transportation of materials in the past varied greatly depending on the time period and geographical 
location. Early methods included human and animal labour, such as carrying goods on foot, using 
pack animals like horses or camels, and transporting materials via carts or boats. As societies 
advanced, technologies like the wheel, sledges, and eventually railways and steamships 
revolutionized transportation, enabling the movement of larger quantities of materials over longer 
distances [2]. 
In ancient times, horses were used to haul materials such as timber, stone, bricks, and other 
essentials for building. The process typically involved loading the materials onto carts or wagons 
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specially designed for transportation. These carts ranged from simple wooden structures to more 
sophisticated designs with wheels and axles, allowing for smoother movement over rough terrain.  
Horse transportation of building materials was fundamental in construction history, aiding in 
physical construction and societal growth by shaping cities, towns, and infrastructure globally.  

 
The introduction of motorized vehicles revolutionized the transportation of building materials, 
marking a significant shift from reliance on animal power to mechanical propulsion. The transition, 
which began in the late 19th and early 20th centuries, brought about profound changes in the 
efficiency, speed, and scale of material transport, fundamentally reshaping construction practices 
and urban development. 
One of the earliest motorized vehicles used for transporting building materials was the steam-
powered traction engine. These heavy machines, equipped with large wheels and powered by steam 
engines, could haul substantial loads of materials over roads and rough terrain. 
In the early 20th century, trucks and lorries powered by gasoline or diesel engines began to replace 
horse-drawn carts and wagons in urban areas and industrial centres. Flatbed trucks, dump trucks, 
and cement mixers became essential tools for moving materials such as steel beams, aggregates, 
concrete, and other construction supplies [3].  

 
Transportation of building materials by motorized vehicles in the last 20 years has undergone 
significant changes driven by technological advancements, environmental concerns, and evolving 
construction practices.  

Technological Advancements: The integration of advanced technologies such as GPS tracking 
has enhanced the efficiency and safety of material transportation. Fleet management systems 
allow companies to monitor vehicle performance, optimize routes, and reduce fuel 
consumption, leading to cost savings and improved logistics. 
Emission Regulations: Many companies are investing in electric and hybrid trucks to reduce 
carbon emissions and minimize their environmental footprint. Additionally, alternative fuels 
such as biodiesel and natural gas are gaining traction as greener alternatives to traditional  
diesel. 
Modular Construction: The rise of modular construction techniques, where building 
components are prefabricated off-site and assembled on-site, has impacted material 
transportation.  
Safety and Compliance: With an increased focus on workplace safety and regulatory 
compliance, construction companies are investing in driver training programs, vehicle 
maintenance, and safety technology to mitigate the risk of accidents and injuries during 
material transportation.  

By embracing innovation and sustainability, the construction industry continues to improve the 
efficiency, safety, and sustainability of material transportation, paving the way for a more resilient 
and sustainable built environment. 

 
2.2. Transportation Methods 

 
No matter how you ship, there are advantages and downsides to each method. The secret to finding 
the best transportation option for your business is understanding these differences. 

  
2.2.1. Road Transportation 
Road transportation has come a long way since the days of horse and wagon shipments. Truck 
transportation is ideal for industries that require quick, small shipments directly to a business, 
warehouse or consumer’s door and is equipped to handle possible delays. The top benefits of truck 
freight include [4]:  

https://www.purolatorinternational.com/best-practices-for-automotive-logistics/
https://www.purolatorinternational.com/services/shipment-size/package-less-than-150-lbs/
https://www.purolatorinternational.com/services/shipment-size/package-less-than-150-lbs/
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Implements fewer restrictions: There are far fewer restrictions for truck freight, including heavy or 
hazardous materials. Trucks are also easier to track than other modes of transportation, so you 
always know exactly where your shipment is located. 
Costs less than air and ship transportation: Truck freight is very economical compared to air and 
ship transportation because associated expenses, such as fuel and truck maintenance, are far less 
costly. 
Allows for more accessibility: Road transportation is highly accessible. Most companies have easy 
access to a major highway system, while not every company has access to railroads, airports or 
ships for other forms of transportation. 
Despite these numerous benefits, there are a few important factors to consider before selecting truck 
freight, such as: 
Time: Truck freight can take longer and is more susceptible to shipment delays than other methods. 
Other factors, such as road closures, bad weather or heavy traffic, can also have unpredictable 
impacts on delivery times.   
Control: Due to how truck freight works, you do not have as much control over how your products 
are handled. Road travel can be rough on some shipments, and some companies may mishandle 
your product. 
 
2.2.2. Marine Transportation 
 
Ships are capable of carrying immensely heavier loads for a fraction of the cost. It is the preferred 
transportation for large items shipped in bulk, such as metals, building supplies and others. The 
benefits of maritime transportation include [5]:  
Accommodates more space and weight: Cargo ships range in length and can carry thousands of tons 
of weight. For this reason, ships are often the best option for oversized products or bulk quantities 
that must move at the same time.  
Costs less than air transportation: Marine transportation is often a more economical choice than 
air transport due to the lower cost of fuel. Cargo ships operate on a set schedule, so there is also 
less opportunity for costly shipping delays. 
Enhances the safety of the shipment: Because ships operate on a set route and planned schedule, 
your shipment will go through minimal handling. Most of the time, it will be securely stored in a 
slow-moving vessel, which is preferable for easily damaged goods.  
Sea transportation may not always be the most economical or accessible choice, depending on the 
location of your warehouse.  
Speed: Although ships are capable of carrying much bigger loads than other transportation methods, 
maritime shipping takes much longer. 
 
2.2.3. Rail Transportation 
 
Some benefits of trail transport are:  
Offers more carrying capacity: Trains can transport heavy, bulk cargo over long distances. They 
can handle more weight than truck transportation. 
Reduces the chances of delays: Trains operate on a fixed schedule, making them a predictable and 
reliable form of transportation. Because railroads operate independently, train shipments are often 
less prone to delays. 
Minimizes its environmental impact: Trains tend to be less impactful than trucks, planes and ships 
because they require less fuel to operate. 
The two main factors to consider with rail transport are: 
Transit time: Rail transport is slower than truck and air freight, and they often require multiple 
transfers throughout the shipment process.  
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Accessibility: Not every area has access to railroad tracks, so rail transport almost always requires 
other forms of transportation to move products.  

2.3. Types of construction materials which are transported. 

Transporting and storing construction materials is a crucial aspect of construction 
management, as it affects the cost, quality, and safety of any project. However, different types of 
materials require different methods of handling and storage, depending on their characteristics, 
availability, and environmental conditions [1][6].  

• Bulk Materials: Bulk materials are those that are loose, granular, or powdery, such as sand, 
gravel, cement, or asphalt. These materials are usually transported by trucks, trains, or 
barges, depending on the distance and volume involved. To store bulk materials, you need 
to consider the space, drainage, and protection required. Bins, silos, or stockpiles can be 
used for dry materials, and tanks or ponds for wet materials. Contamination, segregation, or 
moisture loss need to be prevented by covering, lining, or spraying the materials as needed. 

• Structural Materials: Structural materials are those that are used to support or frame the 
building, such as steel, concrete, or wood. These materials are usually transported by trucks, 
cranes, or forklifts, depending on the size and weight involved. Racks, pallets, or platforms 
are used for horizontal materials, and stands, braces, or ties for vertical materials.  

• Finishing Materials: Finishing materials are those that are used to enhance the appearance 
or performance of the building, such as tiles, paint, or insulation. These materials are usually 
transported by carts, dollies, or hand trucks, depending on the fragility and quantity 
involved. Shelves, cabinets, or boxes can be used for small materials, and rolls, bundles, or 
packages for large materials. 

• Special Materials: Special materials are those that have specific properties or functions that 
require special handling or storage, such as hazardous, explosive, or perishable materials. 
These materials are usually transported by specialized vehicles, containers, or equipment, 
depending on the regulations and risks involved.  

2.4. Shipping Construction and Building Materials: A Guide for a Smooth Journey 

Planning and Coordination: The first step in shipping construction materials is careful planning 
and coordination. Builders and contractors work closely with suppliers to determine the quantity 
and type of materials needed for the project. They also consider the delivery timeline, ensuring the 
materials arrive just before construction begins. This planning phase is essential to avoid delays 
and keep the construction project on track [3-5]. 

Proper Packaging and Labelling: Before shipping, all construction materials must be properly 
packaged to protect them during transit. Fragile items, like glass or tiles, require extra care with 
secure packaging to prevent breakage. Additionally, all packages should be labelled clearly with 
information like the contents, handling instructions, and destination address. Proper packaging and 
labelling help ensure that the materials arrive in good condition and are easily identified upon 
arrival. 

Choosing the Right Transportation Mode: Shipping construction materials often involves using 
different transportation modes. Trucks may be used for shorter distances, while cargo ships or trains 
might be more suitable for longer distances or international shipping. The transportation mode 
choice depends on factors like the quantity of materials, distance, and cost-effectiveness.  

https://www.freightcenter.com/equipment-transport-construction-materials/
https://www.freightcenter.com/guide-to-freight-packaging/
https://www.freightcenter.com/guide-to-freight-packaging/
https://www.freightcenter.com/help/glossary/shipping-labels/
https://www.freightcenter.com/tools/modes-of-freight-transportation/
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Loading and Securing the Materials: Once the materials are ready for shipping, they are loaded 
onto the chosen vehicles. This step requires careful planning to ensure that the materials fit securely 
and are evenly distributed to avoid any damage during transportation. Workers use equipment l ike 
forklifts or cranes to safely load heavy materials like steel beams or concrete blocks.  

Freight Tracking: During shipping, keeping track of the package’s journey is essential. Many 
transportation companies offer freight tracking services, providing a tracking number that allows 
builders and contractors to monitor the shipment’s status in real-time. Freight tracking helps ensure 
the materials are on schedule and allows quick action in case of any unexpected delays.  

Customs and Documentation (for International Shipping): Materials must go through customs 
clearance for international shipping. This involves providing the necessary documentation, such as 
invoices and permits, to comply with import and export regulations.  

Unloading and Delivery: Upon arrival at the construction site, the materials are carefully unloaded 
from the vehicles. Workers use appropriate equipment and take safety precautions to handle the 
materials efficiently. Once unloaded, the materials are stored safely and organized, ready for use in 
the construction project. 

2.5. Transportation of Concrete 
 
 Transportation of concrete is a way to move fresh concrete from where it is mixed to 
where it will likely be used in the structure. The method of moving concrete is decided ahead of 
time so that the right additives can be added to improve certain properties [2][4]. 

Methods for Transportation of Concrete: 

Wheelbarrow: Concrete can be moved around on the ground with the help of a wheelbarrow. 
Pneumatic wheels can be installed on wheelbarrows to reduce the chance of concrete splitting 
during transport over long distances or on uneven ground. 

Crane, Bucket, and Ropeway: When constructing skyscrapers, cranes come in quite handy. Cranes 
are quick and flexible, allowing the horizontal and vertical concrete transfer. Most concrete work, 
such as the building of dams and bridges, requires using a ropeway and buckets to move the heavy 
material from one place to another. Concrete is mixed on the bank and then transported in a bucket 
using a pulley or other mechanism to where it will be discharged.  

Belt Conveyor: Modern belt conveyors can have a moving diverter, a reach that can be changed, 
and speeds that can be changed forward and backward. Conveyors can quickly move a lot of 
concrete where access is limited, and portable belt conveyors are used for short distances or lifts.  

Truck Mixer and Dumper: Trucks, dumpers, and other open-body lorries can be used to move 
concrete quickly and cheaply for up to about 5 km. Most dumpers can hold 2-3 cubic meters, while 
a truck mixer can hold up to 4 cubic meters. During transport, wet concrete should be covered with 
tarps or other covers to keep it from drying out and getting stiff.  

Chute: A chute can move concrete from the ground level to the lower level. It is used in places like 
trenches where there isn’t enough room for workers to reach the concrete.  

https://www.freightcenter.com/track/
https://www.freightcenter.com/services/international/
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Transit Mixer: The transit mixer is one of the most popular tools for transporting concrete over long 
distances. Transit mixer is mounted on the truck and can hold between 4-7 cubic meters. With 2 to 
6 turns per minute, the truck always moves the concrete around. A small  pump is attached to the 
back of a truck mixer to let the concrete out. Concrete can be put into the mixer, either dry or wet. 
If the mix is wet, it must get to the site in one to one and a half hours. 

Pumps and Pipelines: It’s the most laborious method, but it’s the only one that works well when 
space is at a premium or when a significant volume of concrete needs to be poured without using 
cold joints. Between 8 and 70 cubic meters per hour, concrete can be pumped [1][3].  

2.6. Steel types and their transportation 

Carbon Steel: Carbon steel is a widely used type of steel due to its strength and durability. 
Transporting carbon steel requires careful handling and appropriate equipment due to its weight 
and size. Carbon steel coils and sheets are commonly transported on flatbed trucks, and it is 
essential to secure them with chains and straps to prevent shifting during transportation. 

Alloy Steel: Alloy steel is a type of steel that contains other elements, such as nickel, manganese, 
and chromium. Transporting alloy steel requires the use of specialized trucks with the necessary 
equipment to handle its weight and size. Alloy steel products, such as bars and plates, can be 
transported using flatbed trucks, while pipes and tubes require specialized transport equipment. 

Stainless Steel: Stainless steel is a type of steel that is highly resistant to corrosion, heat, and 
chemical damage. Transporting stainless steel requires careful handling to prevent damage to the 
steel's surface. Stainless steel products, such as sheets and coils, can be transported using flatbed 
trucks, but it is crucial to protect them from moisture and other elements. 

Tool Steel: Tool steel is a type of steel that is specifically designed for use in cutting, drilling, and 
shaping other materials. Tool steel products, such as dies and molds need to be secured with chains 
and straps to prevent shifting during transportation. 

High-Speed Steel: High-speed steel is a type of tool steel that is designed to withstand high 
temperatures and friction. High-speed steel products, such as drill bits and saw blades, require 
careful handling and protection from moisture. 

Electrical Steel: Electrical steel is a type of steel that is used in the production of electrical 
equipment, such as motors and transformers. Electrical steel products, such as laminated cores and 
transformers, require careful handling and protection from moisture and other elements during 
transportation.  

2. CONCLUSION 

The evolution of material transportation has already revolutionized the construction industry, 
enabled the creation of larger and more complex structures while fostering economic growth and 
global connectivity. Looking to the future, continued advancements in transportation technology 
promise to further enhance efficiency, reduce environmental impact, and unlock new possibilities 
in construction. This ongoing evolution will not only shape the built environment for future 
generations but also offer opportunities for innovation, sustainability, and economic development, 
ensuring a more interconnected and resilient world for generations to come. 

https://salvatori.com/uk-haulage/?trk=article-ssr-frontend-pulse_little-text-block
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The issue of poor waste management is prevalent in many developing countries, primarily due to 
inadequate infrastructure, insufficient technical expertise, and a lack of environmental education 
and awareness. This paper proposes a multifaceted approach to improving waste management, by 
focusing on education and awareness-raising programs. Waste management and environmental 
education are essential components of sustainable development goals and including them in high 
school curricula can promote the knowledge and skills necessary for a sustainable future. Proper 
waste management practices can lead to economic benefits and reduce negative environmental 
impacts, while environmental education can foster critical thinking and problem-solving skills 
among students. Educators have a vital role in creating a positive educational environment that 
promotes waste management and environmental awareness to prepare students for a sustainable 
future. By developing environmentally conscious citizens who understand the importance of 
protecting the environment, we can achieve a more sustainable future while promoting critical 
thinking skills among students. 
 

Keywords:   Environmental   education, waste   management, Albania, sustainable   future, 
environmental awareness. 
 

1. INTRODUCTION 
 
In developing countries like Albania, waste management is a major challenge due to a variety of 
factors. Besides the inadequate infrastructure, corruption [15][17][29][31], and lack of technical 
know-how, a common issue that hinders effective waste management there is also insufficient 
environmental education and awareness [2][4][7][12][18] [25-28]. As a result, many communities 
in these countries struggle with poor sanitation, public health risks, and environmental degradation 
[10][14]. Furthermore, the lack of monitoring mechanisms to track the amount and types of waste 
generated can make it difficult to plan and implement effective waste management strategies at the 
local, district, regional, and national levels [11][14]. Similar problems are evidenced in the case of 
Albania [16][24]. Municipal solid waste, which consists of everyday items such as paper, plastic, 
glass, and food waste, is typically collected and deposited into waste collection bins. Unfortunately, 
in many parts of our country, this waste is not separated by type, which makes it challenging to 
recycle or reuse [26]. Solid waste production in Albania varies by location, with urban areas 
generating roughly 370 kg per person [16], which has likely increased due to economic growth 
[21]. 
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Figure 1. Waste management in Albania, 2020 [16] 
 
Additionally, industrial waste resulting from products and services of small business entities in 
urban areas is often disposed of in the same waste sites as municipal waste, further contributing to 
the challenge of waste management [20]. This mixed waste disposal approach leads to increased 
waste volume, environmental pollution, and resource depletion [1][4][7][8][12][19-20]. It also 
limits the ability to recover valuable materials from the waste stream, which could otherwise be 
used in the creation of new products or for energy production.   The consequences of poor waste 
management in developing countries can be severe. Improper disposal of waste can lead to air, 
water, and soil pollution, which can have negative effects on public health and the environment. 
Additionally, the economic costs of poor waste management can be significant, as communities 
may have to deal with increased healthcare costs and lost productivity due to illness caused by poor 
waste management practices.  Effective waste management practices that prioritize waste 
segregation, recycling, and reuse are essential to reducing waste volume, mitigating environmental 
pollution, and minimizing the depletion of natural resources. Achieving these goals is critical to 
promoting a circular economy that supports sustainable development. However, environmental 
education must also play a crucial role in promoting the adoption of proper waste management 
practices. A recent survey conducted by the author in several major cities (18 municipalities) found 
that citizens often blame their own behavior for poor waste management at the district level (60 % 
of the respondents, n = 1.517, EcoDes Consultancy, 2022). While the majority expressed interest 
in sorting the recyclables (90 %). Therefore, raising awareness and educating citizens on the 
benefits of proper waste management practices is essential to promoting positive behavior change 
and reducing waste generation, ultimately leading to a more sustainable future. Addressing the issue 
of waste management in developing countries requires a multi-faceted approach. In addition to 
improving infrastructure and providing technical assistance, education, and awareness-raising 
programs are crucial for promoting sustainable waste management practices  [7][10]. These 
programs can help to raise public awareness about the importance of proper waste management and 
provide communities with the knowledge and skills needed to implement effective waste 
management strategies. Additionally, monitoring mechanisms should be put in place to track the 
amount and types of waste generated, which can help to inform waste management planning and 
ensure that resources are allocated effectively. Several studies argue that any educational 
intervention should be integrated with the broader scope of formal education such as the education 
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environment, education for sustainable development, and critical thinking [7][10]. However, while 
socially desirable, the National Curriculum Framework does not operationalize sufficiently this 
aspect of the education environment [23]. The issue is linked to civic education, education for 
sustainable development, environmental education, and critical thinking. These are some of the 
aspects covered in this paper.   
 

2. CIVIC EDUCATION 
 
As mentioned in the National Curriculum Framework (2017), the issue could be framed within the 
goals of civic education. Civic education focuses on developing the knowledge, skills, and values 
necessary for effective participation in society and the democratic process. While waste 
management and environmental education are essential components of civic education as they 
provide students with the knowledge and skills necessary to be responsible and engaged citizens in 
the context of environmental sustainability [30]. 
Civic education can promote waste reduction and sustainable waste management practices by 
encouraging students to become active participants in their communities. By fostering civic 
engagement and social responsibility, students can be empowered to take action on environmental 
issues such as waste management. This can include participating in local waste management 
initiatives, advocating for policies that promote sustainability, and engaging in community-based 
environmental projects. 
Additionally, environmental education can help to promote civic education by encouraging students 
to engage with their communities and take an active role in creating positive environmental change. 
By promoting an understanding of the interconnections between social, economic, and 
environmental factors, environmental education can foster a sense of social responsibility and 
commitment to the common good. This can include promoting sustainable waste management 
practices, supporting local waste reduction initiatives, and advocating for policies that promote 
environmental sustainability. 
Moreover, waste management and environmental education can help to promote civic education by 
fostering critical thinking and inquiry skills [3]. Encouraging students to analyze complex 
environmental issues, evaluate evidence, and make informed decisions, waste management, and 
environmental education can help to prepare students for active citizenship and effective 
participation in the democratic process [10]. 
As the global population continues to grow, so does the amount of waste generated. Proper waste 
management practices are crucial in ensuring a healthy environment and sustainable future. It is 
therefore imperative to include waste management and environmental awareness in the high school 
curriculum. This essay discusses the importance of including waste management and environmental 
awareness in the high school curriculum from an economic and pedagogical perspective, as well as 
some themes and goals, and how knowledge can be transmitted and transferred. 
From an economic perspective, waste management and environmental awareness are crucial for 
sustainable development. Improper waste management practices result in environmental 
degradation and health hazards, which ultimately lead to economic losses. Environmental education 
and awareness can help students understand the consequences of poor waste management practices 
and how to reduce the negative impact on the environment. By incorporating these topics into the 
high school curriculum, students will be able to develop knowledge and skills that will contribute 
to a sustainable future. Additionally, proper waste management practices can lead to cost savings 
through the reuse and recycling of materials. 
From a pedagogical perspective, including waste management and environmental awareness in the 
high school curriculum helps to develop critical thinking, problem-solving, and decision-making 
skills. Students will be exposed to complex environmental issues and learn how to analyze them, 
evaluate possible solutions, and make informed decisions. This will help them to become 
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responsible and active citizens who are capable of contributing to sustainable development. By 
learning about environmental issues, students will also develop a sense of environmental 
stewardship and personal responsibility for protecting the environment. 
The themes and goals of waste management and environmental awareness in the high school 
curriculum include the development of knowledge, skills, and attitudes necessary for sustainable 
development. Students will learn about the principles of waste management, including the 3Rs 
(reduce, reuse, recycle) and proper waste disposal methods. They will also learn about the impact 
of waste on the environment, such as pollution, habitat destruction, and climate change. 
Additionally, students will learn about the importance of environmental conservation and 
sustainability and how individual actions can contribute to a healthier environment. The overall 
goal is to develop environmentally conscious citizens who understand the importance of protecting 
the environment and are equipped with the knowledge and skills to do so. 
Knowledge can be transmitted and transferred through a variety of pedagogical approaches, 
including classroom lectures, discussions, case studies, and hands-on activities. Classroom lectures 
and discussions can be used to provide students with a theoretical understanding of waste 
management and environmental issues. Case studies can be used to analyze real-life environmental 
issues and evaluate possible solutions. Hands-on activities, such as recycling projects, can help 
students understand the practical applications of waste management and environmental awareness. 
 

3. EDUCATIONAL FOR SUSTAINABLE DEVELOPMENT AND ENVIRONMENT 
 
The importance of waste management and environmental awareness in the high school curriculum 
is reinforced by the need for formal environmental education and sustainable development at all 
school levels [7][30]. Such education should focus on the responsible management of chemicals 
and waste. They should also provide students with the knowledge and skills to understand the 
complexities of waste management.   
In recent years, education for sustainable development (ESD) has emerged as a critical component 
of education. ESD seeks to develop the knowledge, skills, and values necessary to create a 
sustainable future [30]. Waste management and environmental awareness are crucial aspects of 
ESD, as they contribute to the development of a sustainable society. By including waste 
management and environmental awareness in the high school curriculum, educators can contribute 
to the implementation of ESD and the creation of a sustainable future. 
One of the key principles of ESD is the integration of sustainability issues into all aspects of 
education. The United Nations Educational, Scientific and Cultural Organization (UNESCO) 
defines ESD as "a vision of education that seeks to balance human and economic well-being with 
cultural traditions and respect for the earth's natural resources" [6][13]. Waste management and 
environmental awareness are crucial aspects of sustainability and should therefore be integrated 
into all aspects of education, including the high school curriculum.  
Education and awareness-raising activities were essential for achieving sustainable waste 
management whereby teachers play an important role [22]. By educating students on proper waste 
management practices and the impact of waste on the environment, educators can contribute to the 
reduction of waste and the protection of the environment. Research has shown that including waste 
management and environmental awareness in the high school curriculum can have a positive impact 
on students' attitudes and behaviors, and students who participate in environmental education 
programs have a greater understanding of environmental issues and are more likely to engage in 
environmentally friendly behaviors [5]. 
 
Furthermore, the inclusion of waste management and environmental awareness in the high school 
curriculum can also contribute to the development of critical thinking and problem-solving skills, 
which are crucial for sustainable development [30]. By exposing students to complex 
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environmental issues and providing them with the tools to analyze and solve them, educators can 
contribute to the development of responsible and active citizens [5][7][30]. 
 
The educational environment plays a crucial role in promoting waste management and 
environmental awareness. The educational environment includes the physical, social, and cultural 
context in which education takes place. By creating a positive educational environment that fosters 
sustainability, educators can further promote waste management and environmental awareness 
among students. 
One way to create a positive educational environment is through the implementation of sustainable 
practices in schools. For example, schools can implement recycling programs, reduce energy 
consumption, and promote sustainable transportation options. These practices not only promote 
environmental sustainability but also provide opportunities for students to learn about waste 
management and environmental awareness in a practical context. 
Additionally, creating a social and cultural context that values sustainability can promote waste 
management and environmental awareness among students. This can be achieved by promoting 
sustainability initiatives, creating opportunities for student involvement in sustainability projects, 
and providing a platform for student voices to be heard on sustainability issues. 
Furthermore, the educational environment can also contribute to the development of critical 
thinking and problem-solving skills, which are crucial for sustainable development. By creating an 
environment that fosters creativity, innovation, and collaboration, educators can promote the 
development of these skills among students. 
 

4. CRITICAL THINKING 
 

The inclusion of waste management and environmental awareness in the high school curriculum 
aligns with the broader educational goals of promoting critical thinking skills. Critical thinking 
involves the ability to analyze, evaluate, and synthesize information in order to make informed 
decisions and is a key indicator of UNESCO’s goals of education for sustainable development 
(EDS)[9][30]. 
The integration of environmental education into the high school curriculum is crucial in promoting 
critical thinking among students [3][10]. Educators can contribute to the development of critical 
thinking skills by encouraging students to think critically about environmental issues, exposing 
students to complex environmental issues, and providing them with the tools to analyze and solve 
them. Environmental education fosters the development of logical thinking, inquiry, and decision-
making skills. Furthermore, environmental education helps students recognize the impact of the 
environment on their lives and the culture in which they live, which is essential for promoting 
sustainability. 
This could be performed by stimulating and teaching scientific argumentation and providing 
students with the knowledge and skills necessary to address real-life environmental challenges. It 
helps students to understand the complexities of environmental issues and the interconnectedness 
of social, economic, and environmental factors. This understanding can empower students to act 
and make informed decisions about their own lives and the environment. 
Research has shown that environmental education can have a positive impact on critical thinking 
skills as environmental education programs can improve students' critical thinking skills, including 
their ability to analyze, evaluate, and synthesize information [3][9]. Furthermore, environmental 
education can promote a sense of personal responsibility and a commitment to environmental 
sustainability. 
Additionally, promoting waste management and environmental awareness in the high school 
curriculum can provide opportunities for students to develop critical thinking skills in a real -world 
context. For example, students can be encouraged to analyze the environmental impact of their own 
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behavior and develop strategies to reduce waste and promote sustainability. Through these 
activities, students can develop critical thinking skills that are applicable to a range of real -world 
problems. 

 
5. CONCLUSION 

 
Poor waste management is a significant challenge in many developing countries. Inadequate 
infrastructure, lack of technical know-how, and insufficient environmental education and 
awareness are among the factors that contribute to this problem. Improving waste management in 
these countries requires a multi-faceted approach that includes education and awareness-raising 
programs, technical assistance, and monitoring mechanisms to track waste generation. By 
addressing these issues, developing countries can promote sustainable waste management practices 
and protect public health and the environment. 
Civic education, waste management, and environmental education are interconnected in promoting 
active and responsible citizenship that leads to waste reduction, sustainable waste management 
practices, environmental sustainability, and engaged and active citizenship. Additionally, waste 
management and environmental education can help to foster critical thinking skills and social 
responsibility, which are essential components of civic education. 
Waste management and environmental awareness are essential components of UNESCO’s 
sustainable development goals. By including these topics in the high school curriculum, students 
will develop knowledge and skills that are crucial for a sustainable future. From an economic 
perspective, proper waste management practices can lead to cost savings and reduce the negative 
impact on the environment. From a pedagogical perspective, these topics help to develop critical 
thinking, problem-solving, and decision-making skills. The themes and goals of waste management 
and environmental awareness include developing environmentally conscious citizens who 
understand the importance of protecting the environment. Knowledge can be transmitted and 
transferred through a variety of pedagogical approaches, including classroom lectures, discussions, 
case studies, and hands-on activities. 
Environmental education plays a crucial role in promoting waste management and environmental 
awareness. By implementing sustainable practices in schools, creating a social and cultural context 
that values sustainability, and fostering critical thinking and problem-solving skills, educators can 
contribute to the development of environmentally conscious citizens. As educators, it is our 
responsibility to create a positive educational environment that promotes waste management and 
environmental awareness and prepares our students for a sustainable future. 
In conclusion, promoting waste management and environmental awareness in the high school 
curriculum aligns with the broader educational goals of promoting critical thinking skills. 
Environmental education has been shown to improve critical thinking skills among students and 
promoting waste management and environmental awareness can provide opportunities for students 
to develop these skills in a real-world context. Additionally, the development of critical thinking 
skills is a key component of education for sustainable development and is crucial for creating a 
sustainable future. 
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Waste management is one of the main challenges facing communities today. In a context where 
environmental concerns and the need for a sustainable approach are becoming more and more 
important, Deçani is facing a big challenge to improve and adapt its waste management system. 
This study aims to address and offer concrete solutions for the improvement of the current waste 
management system in the municipality of Deçan. Through a deep analysis of the situation, we 
have now managed to identify the main challenges, as well as compile recommendations and 
sustainable strategies to address the needs and increase the overall efficiency of waste management. 
Thus, the efficient solution includes: a combined system on waste management in the Municipality 
of Deçan, divided into rural and urban systems. The solution in the rural area is a combined system 
of door-to-door collection and composting where each village will have a common composting 
machine, while the solution in the urban area is an underground management system based on a 
system with collection points and separation with recycling in frequented areas of the city. The 
collection in the rural part will be done once a week on a specific day for each village, while in the 
city the waste will be collected daily. Their transportation will be done with a special truck for each 
type of management system. This phase of defining the waste management system is a critical step 
towards creating an appropriate and functional model that will contribute to a cleaner environment 
and a community more aware of the impact of their actions on the local environment and global 
environment.  

 
Keywords: Solid Waste Management System, Municipal Waste, Waste Collection, System Design.  

 

1. INTRODUCTION 
Deçan and its surrounding areas are experiencing a continuous increase in waste production, posing 
a significant challenge to the environment and the community's sustainability. With a substantial 
production of various types of waste, including plastic, paper, metals, biodegradable waste, and 
others, it is imperative to develop a structured plan for their management. A detailed assessment of 
the current waste situation reveals not only an increase in quantity but also the necessity for a more 
efficient approach to treatment and reuse. An in-depth analysis of waste types and their 
environmental impact is a crucial step in determining the main objectives of the waste management 
system. Moreover, community awareness plays a critical role at this stage. By fostering cooperation 
and educating residents about the importance of waste reduction and regular utilization of recycling 
services, we can create an environment where every individual contributes to waste management 
solutions. This situation presents an opportunity to formulate a sustainable and appropriate waste 
management plan for our city. Establishing a system that integrates community needs, 
environmental concerns, and technological innovation can significantly contribute to a cleaner 
environment and a more sustainable city in the future. 

2. MATERIALS AND METHODS 
 
The study was conducted through a comprehensive approach involving several key methodologies. 
Firstly, a thorough literature review was conducted to gather insights into current waste 
management practices, sustainable strategies, and technological advancements relevant to the 
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context of Deçan. Data collection involved both primary and secondary sources, including 
interviews with local stakeholders such as municipal authorities, waste management personnel, and 
community members. Quantitative data regarding waste generation rates, composition analysis, and 
current waste management infrastructure were collected through field surveys and official reports 
from the Municipality of Deçan. Geographic Information System (GIS) mapping was utilized to 
visualize the distribution of waste collection points, landfill sites, and potential areas for 
infrastructure improvement. 

The data collected were then analyzed using statistical tools, thematic analysis, and content analysis 
techniques to identify patterns, trends, and key insights. Based on the analysis results, a conceptual 
framework for optimizing the waste management system in Deçan was developed, incorporating 
recommendations for infrastructure upgrades, operational improvements, community engagement 
strategies, and sustainable practices. Cost-benefit analysis and environmental impact assessments 
were also conducted to evaluate the feasibility and effectiveness of proposed solutions. The 
proposed solutions include a combined system of door-to-door collection and composting in rural 
areas, along with an underground management system with collection points and recycling in urban 
areas. The implementation plan, timeline, and resource allocation for these solutions were also 
detailed in the study to facilitate practical implementation and monitoring of progress.  

3. RESULTS 
 

3.1. Baseline study  
The municipality of Deçan is situated in the northwestern part of the Republic of Kosovo, covering 
an area of 293.940 km2. It comprises an administrative center and 38 villages, with a total 
population of 40,019 inhabitants. Of these, 3,834 reside in urban areas, while 36,185 live in rural 
areas. 

 

Figure 1. Geographical position of Deçan 

According to the available data, the waste generation in both the city and surrounding villages is 
outlined in the table. It should be noted that the number of residents served has increased since 
2019, and currently, the coverage extends to 100% of the territory. 

Table 1. Waste generation (2019) 

 General and service data Amount of waste 
collected (2019) 

Waste 
Generation 

(2019) 
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ASK - 
2011 

The 
number 

of 
resident
s served  

Number 
of 

househo
lds 

accordi
ng to 
ASK - 
2011 

Number 
of 

househo
lds 

served 
(12/201

9) 

Mixed 
waste 

collecte
d 

(tons/y
ear) 

Mixed 
municipal 

waste 
collected 
(kg/year) 

Waste 
genera

tion 
per 

capita 
(kg/ye

ar) 

Waste 
genera

tion 
per 

capita 
(kg/da

y) 

 
Deçan 

40,019  24,731  5,887  3,628  5,743  538,000.00   80.23   0.22 

 

Waste generation per capita is 80.23 kg/year. To calculate the daily generation, we divide the annual 
generation by 365 days: 

𝐷𝑎𝑖𝑙𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
 80.23 𝑘𝑔

365 𝑑𝑎𝑦𝑠
 ≈  0.22

𝑘𝑔

𝑑𝑎𝑦
 

Knowing the daily waste generation, we find the weekly generation: 

0.22
𝑘𝑔

𝑑𝑎𝑦
×  7 𝑑𝑎𝑦𝑠 =  1.54

𝑘𝑔

𝑤𝑒𝑒𝑘
 

3.2. Proposed waste management system 

The ongoing report on waste management in our city and surrounding villages has revealed that a 
combined system is the most favorable and efficient option for waste management in these diverse 
environments. In the city, the use of collection points emerges as the most convenient solution. This 
management structure provides organization and convenience for residents to dispose of their waste 
at dedicated points. Utilizing separate containers for different types of waste encourages their 
separation at the source, facilitating transportation and handling. The proposed system involves 
underground containers placed at various points across the city, the specifics of which will be 
discussed in the section on container dimensions and placement. 

This management system will not only offer citizens accessible spaces and a cleaner environment 
(including the areas around the containers) but will also be visually appealing. The functioning of 
this system is illustrated below through photographic summaries depicting the process from 
container installation to restoration of the previous state (see Figure 2). Additionally, this system 
allows for recycling, with adhesive strips indicating separate containers for paper, plastic, metal, 
and organic waste. However, these containers will only be placed in areas frequented by the public, 
as consumers using them for household waste may be reluctant to cooperate with sorting. 

 

Figure 2. Interior view of an underground container 
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Meanwhile, in villages, a "door-to-door" garbage collection system is deemed most suitable. This 
model involves the regular collection of waste from individual homes, providing a personalized and 
localized approach to disposal. In addition, the practice of composting is an important method in 
villages, turning biological waste into useful resources for the soil and vegetation, and considering 
the fact that the city of Deçan has a large area of agricultural land with an area of 5504.53 ha. as 
well as other lands with a similar character: 

- Arable land /are 4302.07 ha 
- Meadows and pastures 198.6 
- Unused agricultural land 150.4 ha 
- Similar species 

Moreover, composting is a significant practice in villages, transforming organic waste into valuable 
resources for soil and vegetation. Considering that Deçan has a considerable area of agricultural 
land, totaling 5504.53 hectares, including arable land, meadows, pastures, and unused agricultural 
land, composting is particularly beneficial in rural areas. 

Composting is a natural process whereby organic matter is converted into humus-rich compost 
through the decomposition facilitated by bacteria, fungi, and other microscopic organisms in an 
environment with adequate air and water. Organic materials such as dead trees, grass, food waste, 
and other plant matter are placed in a designated area and allowed to decompose. Maintaining a 
proper balance of organic matter, air, water, and ambient temperature is crucial for successful 
composting.  

The implementation of this integrated urban and rural waste management plan represents a 
significant stride towards offering efficient and sustainable solutions to tackle the challenges of 
waste generation and treatment in our diverse environment. Our ultimate aim is to foster a cleaner 
and more sustainable environment for all residents. A key determinant of satisfaction with the waste 
management system in a city is the extent of its coverage. Therefore, ensuring comprehensive 
coverage is a top priority in our system. 

Table 2 presents data sourced from official publications of the Association of Municipalities and 
Communes of Kosovo (AMMK) and the Municipality of Deçan. Despite notable increases in recent 
years, the coverage rate for 2018/2019 remains unsatisfactory. As such, the primary goal of our 
project is to achieve 100% coverage at the city level, encompassing both urban and rural areas.  

 

Table 2. Coverage rate wit waste collection service 

Level of coverage with waste collection service 
Municipality Service 

coverage rate 
for households 

(2018) 

Service 
coverage rate 

for households 
(2019) 

Increase or 
decrease in the 
coverage rate 

for households 
2018-2019 
(point %) 

Business 
service 

coverage rate - 
2019 

Coverage 
rate 

  with 
service for 

  
institutions 

(2019) 
Deçan 30.80% 61.80% 31% 26.10% 93.90% 

 

For the construction of the aforementioned system, careful consideration was given to the types of 
waste present. Following an analysis of the waste types in the municipality of Deçan, as presented 
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in Table 3, efforts were made to comprehend and document the specific weight of each waste type, 
along with their respective percentages in the total waste collected for the study. 

This analysis meticulously details and categorizes the various types of waste in a structured format, 
offering a clear overview of their weight distribution in a multidimensional context. The 
classification encompasses 2,273.70 kg (about 5012.64 lb) of paper and cardboard, glass, 
biodegradable waste, and other types, presented in both kilograms and percentages within the table. 

Through this analysis, we have documented the varied weights of waste, highlighting the 
significance and impact of each type on the total waste studied in the municipality of Deçan. This 
information serves as the foundation for developing waste management strategies and enhancing 
the efficiency of the treatment process, with a focus on environmental sustainability and social 
responsibility. 

Table 3. Type and content of waste. 

Type of waste First analysis 2021 
  Kilogram Composition in % 

Total municipal waste 2,273.70  
Paper and cardboard 484.48 21.30 

Glass 131.87 5.80 
Biodegradable waste 698 30.70 

Textile 145.51 6.40 
Plastic 432 19.00 
Metal 25 1.10 

Other municipal waste 356.97 15,7 
Total in kg and in % 2,273.70 100.00 

 

In analyzing the waste collection system in the municipality of Deçan, a need for organization and 
improvement of the container structure has been identified to align with the volume of waste 
generation and the characteristics of the population. To address this, we begin by calculating the 
density of waste. The annual waste generation is 80.23 kg per person per year for the residents of 
the 38 villages. Density is calculated by dividing the mass of annual waste by the volume it occupies 
in that time period. Considering that the annual waste generation per person is 80.23 kg, we need 
to determine the volume this waste occupies. If waste is collected once a week, and there are on 
average 6 members per household, we can calculate the weekly volume of garbage collected using 
the formula (applicable to the rural area):  

▪ 𝑊𝑒𝑒𝑘𝑙𝑦 𝑉𝑜𝑙𝑢𝑚𝑒  =  𝑊𝑒𝑒𝑘𝑙𝑦  𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 ×  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑠   

▪ 𝑊𝑒𝑒𝑘𝑙𝑦 𝑉𝑜𝑙𝑢𝑚𝑒  =  1.54
𝑘𝑔

𝑤𝑒𝑒𝑘
×  36,185 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 =  55,733.9

𝑘𝑔

𝑤𝑒𝑒𝑘
 

To find the density of waste, we need information on the effective volume of waste over the course 
of a year. The calculation for density will be:  

▪ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝑀𝑎𝑠𝑠  𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑤𝑒𝑒𝑘𝑙𝑦

365 𝑑𝑎𝑦𝑠  
 

▪ 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
 55,733.9 𝑘𝑔/𝑤𝑒𝑒𝑘

365 𝑑𝑎𝑦𝑠
  =  152.69 ~ 153 𝑘𝑔/𝑚3  𝑦𝑒𝑎𝑟  

Thus, the density of waste in the municipality of Deçan, based on their annual generation, is 
approximately 153 kg/m³ per year.  
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Once we have the overall density, we can also determine the number of containers. According to 
information from the field, 120-liter containers are currently placed in the villages, but citizens 
report these as insufficient. Therefore, we assume that the containers have a volume of 240 liters.  

▪ Number of inhabitants: 36,185 inhabitants 
▪ Average number of residents per household: 6 residents  
▪ General density: 153 kg/m³  
▪ Volume of a container: 240 liters  

Firstly, we calculate the number of households using the ratio between the number of inhabitants 
and the average number of inhabitants per household:  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠

𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
  

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 =
36,185

6 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 
 =  6,030.833 ~ 6,031 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠  

Total volume of waste in a year: The annual waste generation per person is 80.23 kg. - The total 
density of waste is 153 kg/m³. 

- The number of inhabitants is 36,185. 
Calculation of the total volume of waste in a year: 

- 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒  =  𝐴𝑛𝑛𝑢𝑎𝑙  𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒  𝑝𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 ×
 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 

- 𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑠𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 =  80.23 𝑘𝑔/𝑦𝑒𝑎𝑟 ×  36,185 𝑖𝑛ℎ𝑎𝑏𝑖𝑡𝑎𝑛𝑡𝑠 =  2,903,715.55 𝑘𝑔/
𝑦𝑒𝑎𝑟  

Calculation of the number of containers: 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 =
 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒

𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓 𝑜𝑛𝑒 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 =  
 2,903,715.55 

𝑘𝑔
𝑦𝑒𝑎𝑟

0.24 𝑚³
  =  12,098,814.79 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 

Calculation of the number of containers based on the number of houses: 

- The number of houses is 6,031. 

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒 =  
𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑠𝑒𝑠
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒  =  
12,098,814.79 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠

6,031 ℎ𝑜𝑢𝑠𝑒𝑠
 ≈  2,004.51 

So, to cover the need for waste collection in a year, it will take about 2,005 containers per house 
based on the annual waste generation, density, and number of houses in the defined community. 

This was about the rural area of the city; now we count the urban area. As was shown earlier, in the 
urban area, the collection system will be implemented at certain points where each neighborhood 
will have three containers with a volume of 1100 liters. The city of Deçan has an area of 
approximately 1 square kilometer (99.89 hectares), divided into four main units. 

Therefore, we calculate the number of containers we need: 

▪ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟ℎ𝑜𝑜𝑑𝑠 (𝑢𝑛𝑖𝑡𝑠) ×
 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑝𝑒𝑟 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟ℎ𝑜𝑜𝑑 
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▪ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 =  4 ×  3 =  12 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠  
For each neighborhood, we need a total of 12 containers with a volume of 1100 liters. Now, in the 
center of Deçan, in the two squares "Luan Haradinaj" and "Mentor Tolaj," as well as on the way to 
Deçan Canyon and Mineral Water, designated tourist areas, four containers with compartments for 
recycling will be placed: plastic, paper and cardboard, metals, and biodegradable waste. 

In these four areas, 16 containers will be placed, which, together with the neighborhood containers, 
makes a total of: 

▪ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑢𝑟𝑏𝑎𝑛 𝑎𝑟𝑒𝑎 =
 𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟ℎ𝑜𝑜𝑑 +  𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 𝑖𝑛 𝑠𝑞𝑢𝑎𝑟𝑒𝑠 𝑎𝑛𝑑 𝑡𝑜𝑢𝑟𝑖𝑠𝑡 𝑎𝑟𝑒𝑎𝑠 

 
▪ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 =  12 +  16 =  28 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟𝑠 

So, in the urban area, 28 containers with a volume of 1100 liters will be used. 

 Regarding the collection of containers in the door-to-door system, the collection will be done once 
a week in the morning, from 7:00 a.m. to 11:00 a.m., where citizens are obliged to place all waste 
in containers on their designated day and to position the containers at their doors, ensuring workers' 
access even if citizens are not at home.  

In the city, the collection will occur every day, once a day, from 10:00 p.m. to 12:00 a.m. 

Among other requirements, citizens are expected to separate and dispose of recyclable materials in 
the designated recycling containers, as this is crucial and helpful during the recycling process.  

To calculate the number of trucks, we use the formula: 

𝑵 =   
𝑺𝑭

𝑿𝑾
 

Where: 

- N represents the required number of trucks 

- S stands for the number of houses 

- F represents the number of collections per week 

- X is the number of houses serviced by one truck per day 

- W denotes the number of working days per week 

Using these values, we can determine the number of trucks needed for the system to operate 

effectively. 

𝑁 =
(40,019 ×  4)

(240 ×  5)
=  22.23 ~ 22 𝑡𝑟𝑢𝑐𝑘𝑠  

4. CONCLUSION 
The waste management solution in our city has been adapted and personalized to the needs and 
characteristics of each area. In the urban area, we have created and implemented an advanced 
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underground collection system and a structured waste recycling program. This underground 
collection system is designed to ensure regular and efficient collection of various wastes, including 
innovative modalities aimed at reducing their impact on the environment. 

On the other hand, in rural areas, we have implemented a specialized waste management system, 
including a door-to-door approach and a meticulous composting process to efficiently utilize 
organic waste. This door-to-door system ensures individual treatment of waste, including its 
processing at the local level, to utilize resources in a sustainable and appropriate manner for the 
rural environment.  

The differentiation of these two systems was made to specifically adapt them to the needs and 
characteristics of each area of our city. This adaptation of the systems has been carried out in 
accordance with good standards of waste management practices and aims to ensure responsible and 
efficient treatment of waste, contributing to our goals to preserve and protect our shared 
environment. 
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This study thoroughly examines environmental protection legislation in Kosovo and Turkey, 
tracing its historical evolution and dissecting legislative areas such as air quality, water resources, 
biodiversity preservation, and waste management. It provides detailed insights into current 
regulations and legal frameworks governing environmental policies in both nations. Emphasizing 
shared objectives of environmental protection and sustainable development, the study analyses the 
purpose and key definitions within the legislation of Kosovo and Turkey, highlighting punitive 
measures for environmental offenders. Furthermore, it scrutinizes renewable energy projects, 
including wind, hydro, and geothermal energy, to assess efforts towards sustainable energy 
practices. Additionally, the study evaluates Kosovo and Turkey's commitment to the United 
Nations Framework Convention on Climate Change, alongside their financial expenditures on 
environmental conservation. Overall, this comprehensive exploration aims to enhance 
understanding of legal frameworks, initiatives, and challenges in environmental protection in 
Kosovo and Turkey. 
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1. INTRODUCTION  

When we look at the historical development of environmental control for "Environmental 
Protection," we see that the earliest regulations on this topic began with industrial accidents in the 
late 1970s. In the early 1980s, new approaches to the concept of "environmental management" 
began to develop in connection with environmental protection and industrial activities within these 
frameworks; revised to improve their energy and environmental performance. By the mid-1980s, 
the environmental effects of raw materials and energy flows in industrial production systems were 
redesigned. This approach includes elements of environmental protection such as ensuring waste 
and by-products as inputs for reproduction, assessing the environmental impact of products, and 
analyzing the entire process flow for cleaner production [1-3]. By the 1990s, there was a need for 
a more comprehensive approach to the growing industry and service sectors, environmental 
education, measurement and monitoring of environmental values, waste reduction, and the 
determination of environmental management strategies, and as a result, the concept of "total 
quality," which is extremely important in terms of environmental protection. Today, along with 
environmental pollution, the gradual decline of resources we use in many areas, especially in 
energy, has taken alarming proportions for humanity. Humanity, which pollutes the environment 
rapidly and consumes resources in nature, actually makes the world where it lives from being a 
livable planet for all living beings [4-5]. This situation is not sustainable and is at a level that 
requires immediate action. The concept of environmental protection has evolved for all forms of 
life and habitats on Earth. Global warming and climate change are the priority topics on the agenda 
being discussed and sought solutions for worldwide today. At this point, environmental discussions 
and practices have become of undeniable importance. In this regard, Kosovo and Turkey are no 
exception, having built a good legal infrastructure on the environment [6-7]. 
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2. METHODOLOGY   

This comparative study delves into the environmental protection legislation of Kosovo and Turkey, 
providing an in-depth analysis of their historical evolution, legislative frameworks, regulatory 
measures, and punitive provisions for environmental offenders. 

3. RESULTS AND DISCUSSION 

Here, we summarize the findings and discuss key points of comparison between the two nations. 
3.1. Legislative Development and Framework: 
Turkey's environmental legislation dates back to the early 1980s, with the introduction of the 
Environmental Law in 1983. Over time, Turkey has demonstrated commitment to updating and 
modernizing its environmental legislation, particularly in alignment with EU standards. Kosovo, 
on the other hand, began regulating environmental issues post-independence in 2008. Its legislation 
is relatively newer and has been shaped with assistance from international experts, reflecting a 
commitment to align with EU standards. Both nations exhibit a clear intention to address 
environmental concerns through legal frameworks [8-10]. 
3.2. Coverage of Environmental Legislation: 
Both Turkey and Kosovo have comprehensive environmental legislation covering various aspects 
such as waste management, water and air quality, biodiversity preservation, and pollution control. 
While Turkey's legislation primarily consists of laws, regulations, statutes, and national decisions, 
Kosovo's legal framework is ambitious and encompasses a wide array of environmental issues, 
reflecting its commitment to sustainable development [11-12]. 
3.3. Specific Regulations and Authorities: 
Turkey and Kosovo have enacted specific regulations to address environmental concerns such as 
air quality control, environmental impact assessment, waste management, and hazardous waste 
control. Additionally, both nations have designated authorities responsible for enforcing 
environmental regulations and overseeing environmental protection efforts. 
3.4. Comparative Analysis of Environmental Laws: 
Turkey's Environmental Law is embedded within the broader framework of the Ministry of 
Environment and Urbanization, whereas Kosovo's Law on Environmental Protection falls under 
the Ministry of Environment and Spatial Planning. Kosovo's legislation is more detailed, 
comprising 101 articles, while Turkey's Environmental Law has 34 fundamental articles 
supplemented by additional provisions. Kosovo's law explicitly aims to align with EU 
environmental standards, while Turkey's law focuses on sustainable development principles [13-
14]. 
3.5. Principles and Definitions: 
Both nations share similar principles such as sustainable development, integration of environmental 
protection, and the "polluter pays" principle. However, Kosovo's legislation includes a broader 
range of definitions and principles, reflecting a more detailed approach to environmental 
governance. 
3.6. Punitive Provisions: 
Kosovo and Turkey have established punitive measures for environmental offenders. While Kosovo 
imposes fines ranging from 1,000 to 50,000 Euros for various violations, Turkey enforces fines for 
specific offenses, such as emissions standards violations and unauthorized facility operations. 
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Turkey's punitive provisions appear to be more extensive and cover a wider range of environmental 
violations compared to Kosovo [10][15-16]. 
3.7. Renewable Energy in Turkey: 
Legislative Framework: Turkey has implemented the Law on the Use of Renewable Energy 
Resources for Electricity Generation since 2005, providing incentives for renewable energy projects 
such as wind, solar, geothermal, and biomass. Operators must obtain Renewable Energy Resource 
Certificates to access these incentives. 
Current Status: As of 2022, renewable resources contribute a significant portion, approximately a 
quarter, to Turkey's energy consumption, encompassing both heating and electricity generation. 
This includes initiatives like rooftop solar water heating, utilization of underground hot water for 
baths and greenhouses, and wind power, which accounts for about a tenth of the country's 
electricity. 
Wind Energy: Wind energy is a growing sector in Turkey, with about 10% of electricity generated 
from wind turbines, primarily located in the Aegean and Marmara regions. The country aims to 
expand wind energy capacity to nearly 30 GW by 2035, with 11 GW already installed since 2023. 
Hydropower: Turkey's mountainous terrain and numerous rivers make hydropower a significant 
contributor, constituting about 30% of the country's electricity generation capacity. However, its 
output is variable, heavily dependent on rainfall, and can fluctuate significantly between wet and 
dry years. 
Geothermal Energy: Geothermal energy plays a crucial role in Turkey, contributing 3% to 
electricity generation and making it the second-largest user of geothermal heating globally. Many 
buildings, including greenhouses and homes, utilize underground water for heating [17-20]. 
3.8. Renewable Energy in Kosovo: 
Legislative Efforts: Kosovo has passed laws promoting the use of renewable energy sources to meet 
energy needs, enhance supply security, and improve environmental protection, health, and social 
benefits. These efforts aim to promote equal employment opportunities in the energy sector. 
Current Challenges and Developments: Historically reliant on thermal power plants and energy 
imports, Kosovo is shifting towards renewable energy sources. However, challenges persist, 
particularly regarding investments in coal projects, which pose risks due to environmental and 
social concerns. Despite this, there is growing interest and investment in water and wind energy 
projects [13-15]. 
Wind Energy Projects: Kosovo has initiated several wind energy projects, including the Golesh 
Project, which faced operational issues due to aging turbines. Additionally, projects like Kika and 
Bajgorë aim to expand wind energy capacity, with support from international organizations such as 
the World Bank. 
Energy Efficiency Initiatives: Efforts to improve energy efficiency, particularly in the construction 
sector, are underway in Kosovo, supported by projects like the Energy Efficiency and Renewable 
Energy Project funded by the World Bank. These initiatives aim to reduce energy consumption, 
decrease reliance on fossil fuels, and advance environmental policies and regulations [18-20]. 
3.9. Comparison and Implications: 
Legislative Support: Both Turkey and Kosovo have enacted laws to promote renewable energy 
adoption, reflecting a global trend towards sustainability and environmental protection. 



 

374 |2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, 
Kosovo 

Resource Utilization: While Turkey has made significant strides in harnessing wind, solar, and 
geothermal resources, Kosovo is in the early stages of transitioning from traditional energy sources 
to renewables. 
International Support: Both countries receive support from international organizations like the 
World Bank to advance renewable energy projects and improve energy efficiency, indicating global 
recognition of the importance of sustainable energy development. 
Challenges: Both countries face challenges in transitioning to renewable energy, including 
operational issues, policy implementation, and financial constraints. Addressing these challenges 
requires collaboration between governments, private sector entities, and international partners [13-
15]. 

4. CONCLUSION 

This comparative analysis highlights similarities and differences in the environmental legislation 
of Kosovo and Turkey. Both nations have made significant strides in developing legal frameworks 
to address environmental challenges and promote sustainable development. While Turkey's 
legislation is more established, Kosovo's newer laws demonstrate a commitment to aligning with 
international standards. The punitive measures in both countries aim to deter environmental 
violations, with Turkey adopting a more extensive approach in terms of enforcement. Overall, this 
study provides valuable insights into the legal mechanisms for environmental protection in Kosovo 
and Turkey, contributing to a deeper understanding of environmental governance in these nations. 
While Turkey has made considerable progress in renewable energy adoption, Kosovo is at the 
nascent stage of its transition. However, with legislative support, international assistance, and 
ongoing initiatives, both countries have the potential to significantly increase their renewable 
energy capacity, contributing to energy security, environmental sustainability, and economic 
development. 
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The territory of the Republic of Albania, as a consequence of demographic movements, welfare 
demands, market economy, urban development of the territory, and industrial development, has 
undergone significant changes, with particular importance placed on the construction sector. The 
utilization of natural resources in a manner that meets current needs while preserving the 
environment without compromising the ability of future generations to meet their own needs 
remains among the key challenges in environmental protection policies. Data obtained from 
environmental permits issued by the National Environmental Agency for the period 2014-2020 
indicate that the mining sector has experienced an increase in economic operators, mainly in the 
field of mineral extraction (surface mining, etc.). As a result of territorial planning, there is an 
increase in the number of constructions permits and areas made available for residential and non-
residential sectors. The development of the construction sector has been accompanied by an 
increase in the quantity of waste generated from demolitions and construction activities. The data 
published in the Environmental State Report for the year 2022 ranks this sector as the second major 
contributor to the amount of solid waste generated. This sector is one of the main contributors to 
the exploitation of natural resources, primarily in the supply of raw materials (construction 
minerals). If not managed according to environmental principles, the natural resources used for the 
extraction of construction minerals can threaten the balance and values of the natural landscape. 
Public authorities at central and local levels, together with economic operators in the construction 
field, are responsible for implementing the integrated waste management system generated from 
demolitions/construction efficiently. Proper management of these waste materials best satisfies the 
requirements for the rehabilitation and revitalization of surface mining areas, restoring their 
territory to a satisfactory condition. 
 
Keywords: Quarry, Natural Resources, Construction Sector, Waste, Rehabilitation, Revitalization. 
 

1. INTRODUCTION  

The construction sector for the years 2019-2021, according to the monthly statistical report[i] of 
the Bank of Albania, ranks among the top 3 (three) key sectors of gross domestic product production 
according to the classification of economic activity. The development of the construction sector has 
been accompanied by the development of other economic sectors of the country. Both the 
construction sector and the manufacturing industry sector, after completing their activities, 
according to the current legislation for environmental protection[ii], environmental impact 
assessment[iii], and environmental permits[iv], have the legal obligation to preserve and 
rehabilitate the cultural and aesthetic values of the natural landscape to restore the activity area to 
a satisfactory condition, taking into account the state of the environment before the activity 
commenced. Environmental protection in its entirety envisages the use of natural resources in a 
manner that meets current needs while preserving the environment, without compromising the 
ability of future generations to meet their own needs.Based on the current legislation governing the 
mining sector [v] in the Republic of Albania and integrated waste management [vi], clear 
requirements are established for the rehabilitation of mining facilities and the integrated 
management of waste from construction and demolition.It results that from 2014 to 2020 [vii], a 
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total of 75 Type A environmental permits (III.1.C) and 1437 Type B environmental permits 
(III.1.B) have been issued, indicating that there are 318 licensed economic operators with Type B 
environmental permits (III.1.B) for the activity of mineral extraction (surface quarries), primarily 
used for the extraction of construction minerals.From the data published in the Environmental State 
Reports[viii] for the years 2021-2022[ix], it emerges that the construction sector ranks second as 
the major contributor to waste generation, mainly as a result of generating solid waste from 
construction and demolitions. Waste classification is carried out based on the Albanian Waste 
Catalog[x], which enables the categorization of waste types identified by a six-digit code, while the 
economic sectors and respective sub-sectors that generate these wastes are provided with two-digit 
and four-digit codes respectively. Waste from construction and demolition activities generated by 
the construction sector falls under code 17, which is further subdivided to identify the exact type of 
waste. The national strategy[xi] and plan[xii] for integrated management of solid waste assess that 
solid waste generated from construction and demolitions potentially meet the requirements, 
conditions, and technical standards for their reuse as material, product, or by-product for the 
rehabilitation of mining facilities. Optimization of all activities for the integrated management of 
waste from construction and demolitions for reuse in the rehabilitation and restoration of surface 
quarry territories, taking into account stakeholder groups, aspects of sustainable management, and 
the best available techniques, is carried out according to the integrated waste management system. 
The aim of this study is to rehabilitate and restore the territory of surface quarries used for the 
extraction of construction minerals through the implementation of an integrated waste management 
system for construction and demolition waste. This is to ensure environmental protection, balance, 
and the natural landscape values, as well as to return the territory to a satisfactory condition. This 
study provides a contribution to the development of national and local strategies and plans for waste 
management, which will be approved, reviewed, or modified in the future in the Republic of 
Albania. It sets clear objectives for the integrated management of construction and demolition 
waste, aiming to establish comprehensive approaches for their management. 
The objectives of this study are as follows: 

❖ To analyze the licensing process in the mineral extraction sector and the construction sector 
at the territorial level; 

❖ To analyze the trend of waste generation from construction and demolition activities; 
❖ To identify construction and demolition waste with potential for reuse in the rehabilitation 

and restoration of surface quarries; 
❖ To analyze and identify techniques, requirements, and standards for the integrated 

management of construction and demolition waste; 
❖ To implement an integrated waste management system for construction and demolition 

waste for the rehabilitation and restoration of surface quarry territories; 

2. MATERIALS AND METHODS 

The methodology used for the preparation of this study and the achieved results are based on 
contemporary methods, including qualitative and quantitative analysis. 
The qualitative method used provides the opportunity for the collected and processed information 
to be reflected in the material in a systematic manner and to be ranked according to the importance 
of application, enabling readers to access accurate, comprehensive, accessible, and easily 
understandable information, with well-defined references.While the quantitative method used 
creates the possibility for the collected and processed information to be presented in the material in 
the form of statistics. 
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2.1.Collection of Information 

For the information gathering process, initially, the identification of Type A and Type B licensed 
economic operators was conducted through the National Business Center [xiii] for the period 2014-
2020. From there, the mining industry activities were identified for the extraction of minerals, sand, 
and clay from open-pit mines and quarries [xiv]. Meanwhile, data on the quantity of waste generated 
from construction and demolition for the years 2021-2022 were collected from environmental status 
reports [xv] published by the National Environmental Agency. All gathered information has been 
compiled and processed in an Excel program. 

3. RESULTS AND DISCUSSION 

3.1. Producing pollutive activities of Type A and B permitted through NLC for the period 2014-
2020 

In the following graph (Fig.1), the number of Type A and Type B licensed economic operators 
issued with environmental permits is presented for the period 2014 - 2020 at the national level. The 
highest number is for Type B economic operators with 1437 permits, while the number of Type A 
economic operators with permits is 75. From the data, it is evident that the highest number of Type 
A and Type B permits issued through the National Business Center (NBC) for the period under 
study is in the year 2016, with 404 Type B permits and 23 Type A permits.  

  
Figure 1. The number of licensed operator with type A and B environmental permits at the national level 
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Figure 2. Licensed operator for the extraction of minerals (surface quarry) year 2014 - 2020 

In the above graph (Fig. 2) for the period 2014-2020, it appears that out of a total of 1512 
environmental permits approved at the national level for all industries, 780 environmental permits 
of type A and B have been approved for the mining industry, out of which 318 environmental 
permits are of type B for the activity of extracting minerals, sand, and clay from mines with open-
pit exploitation and quarries (surface quarries). 

Waste generation trends from construction and demolition for the period 2021-2022 

 
Figure 3. Waste generation in the territory of Albania (year 2021 – 2022) 

 
Figure 4. Generation of waste from constructions and demolitions in the territory of Albania (year 2021 – 
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In the above graph (Fig. 3), from the data analyzed at the national level from the reports of 
municipalities and activities on the total quantity of waste, it appears that from 2021 to 2022, there 
is a reduction in the quantity of waste. Similarly, regarding the waste generated from construction 
and demolition activities presented in the graph above (Fig. 4), it is evident that there is a reduction 
in the quantity of waste generated from 2021 to 2022. The data published on the quantity of waste 
generated from construction and demolition activities is linked to the trend of construction permits. 
Meanwhile, the reduction in the quantity of waste of rubble and stones is associated with 
opportunities for their reuse for filling purposes, systems, rehabilitation, etc. 

The type of waste from construction and demolition that has the potential for reuse in the 
rehabilitation and restoration of surface quarry territory. 

Based on the current legislation for integrated waste management, the main goal is: 
a. Prevention and minimization of waste or reduction of negative impacts from the creation 

and integrated management of waste; 
b. Improving the efficiency of their use; 
c. Reducing overall negative impacts from resource use. 

Waste generated from construction and demolition activities, according to data published by the 
National Environmental Agency in the Environmental Status Report for 2021 and 2022, ranks this 
sector as the second major contributor to the total amount of generated waste, after the urban sector. 
The current legislation for integrated waste management envisages several techniques and methods 
for prevention, reuse, recycling, recovery, and final treatment/disposal of waste generated from the 
construction sector. Referring to Decision no. 402, dated June 30, 2021, "Approval of the Waste 
Catalog," Annex 1, with code 17, we identify the economic sector of construction, thus the waste 
generated from construction and demolition activities, while with the six-digit code as a breakdown 
of code 17, we identify the specific type of waste from construction and demolition. From the waste 
codes of the construction sector, we identify waste with code 17 05 04 titled "Soil and stones." 
Waste with code 17 05 04 is generated from soil excavations as a result of construction. The 
techniques and methods for managing waste with code 17 05 04 - soil and stones include: 

1- Using them for construction purposes in their natural state in the territory from which they 
were excavated; 

2- By-product, when the primary purpose was not the production of waste with code 17 05 04, 
but it can be considered as not waste, but a by-product when it meets certain conditions; 

3- As material when waste with code 17 05 04, after undergoing a recovery operation, 
including recycling, ceases to be waste if it meets certain conditions. 
 

3.2. Techniques, requirements, conditions, and standards for integrated management of 
construction and demolition waste. 

Integrated waste management is a complex activity that requires the implementation of processes 
or methods that do not endanger human health and do not harm the environment. Current legislation 
for integrated waste management envisages that waste is managed taking into account the waste 
hierarchy. 
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Figure 5. Waste management hierarchy and operations for reuse. 

The aim of the integrated waste management system is to optimize all activities of integrated waste 
management, taking into consideration stakeholders, elements of integrated waste management, as 
well as aspects of sustainable management, to promote the best available techniques, economically 
feasible and socially acceptable, without degrading the environment. The system establishes means 
for promoting, reviewing, and setting environmental objectives and goals for the integrated 
management of construction and demolition waste generated as a result of excavation works during 
the implementation of projects for residential and non-residential urban building construction. 

There are 2 (two) methods for using waste 17 05 04 - rubble and stones generated during excavation 
works: 

First Method: The material generated as a result of excavation works during the implementation 
of residential and non-residential building construction projects is considered not to be waste but a 
by-product [xvi]. 

Economic operators generating waste from excavation processes (infrastructure productions) 
primarily aim not to generate waste from excavation processes, but to construct residential and non-
residential buildings. For this reason, waste from excavation (such as debris and stones) may be 
considered a by-product only if they meet the conditions: 

- Further use of this substance or object is ensured; 
- The substance or object can be used directly without undergoing further processing beyond 

normal industrial practices; 
- The substance or object is produced as an integral part of the production process;  
- The further use of this substance or object meets the relevant technical standards for product 

protection and human health regarding that use and does not cause any adverse 
environmental or general health impacts. 

- The further use of this substance or object is lawful. 
The second method: The material generated as a result of excavation works during the 
implementation of projects for the construction of residential and non-residential urban buildings 
is classified as waste, but may cease to be waste when it undergoes a recovery operation, including 
recycling. Economic operators from construction processes (infrastructure productions) generate 
waste of rubble and stones, which due to technical capacities cannot undergo recovery operations. 
These operators must fulfill the conditions: 

- The substance or object is widely used for specific purposes; 
- There is a market or demand for such a substance or object; 
- The substance or object meets the technical requirements for these specific purposes;  
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- The substance or object meets all relevant technical standards for products;  
- The use of the substance or object meets all relevant requirements for environmental 

protection and health for that specific use and does not have negative impacts on the 
environment or health in general. 

The restoration of mining activity territory to a satisfactory condition, taking into account the state 
of this territory before the activity began, is carried out by focusing on three main steps:  

- Filling the quarry surface with material recovered from waste rock and gravel (17 05 04), 
generated from land excavation as a result of construction activities, mainly taking only the 
excavated part above the depth of 30-45 cm, which comes after the topsoil, with the aim of 
creating a stable layer; 

- Filling the obtained surface with material classified as a by-product generated from land 
excavation as a result of construction activities, mainly taking only the upper part of the 
topsoil down to a depth of 30-45 cm, with the aim of creating conditions for agriculture and 
ecological improvement; 

- Planting vegetation and trees to bind the soil structure of the quarry, creating conditions for 
cultivating agricultural products, and improving the ecological status of the area. 
 

3.3. Implementation of the integrated waste management system for construction and demolition 
waste for the rehabilitation and restoration of surface quarry territory. 

Implementation of the integrated waste management system for construction and demolition waste 
(rubble and stones) for the rehabilitation and restoration of surface quarry territory can be achieved 
through the following installations: 

- Facilities for the production/fractionation of non-metallic minerals (construction minerals, 
rubble, and stones) 

- Facilities for the recovery of non-hazardous waste (rubble and stones) 
Supporting infrastructure (storage yards/facilities). 
 
The steps of the integrated waste management system are: 

 
Figure 6. Steps of the integrated waste management system 
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Figure 7. Stages of waste management 

 
The Integrated Waste Management System for rubble and stone guarantees that: 

• The entire management process is carried out safely 
• It prevents and minimizes waste 
• Enhances waste utilization efficiency 
• Protects the environment and human health 
• Recovers waste and prepares it for reuse and contributes positively to agriculture 
• Improves the ecological landscape of the area 

 

4. CONCLUSION 

 From this study, we conclude that: 
➢ At the national level for the period 2014 - 2020, we observe a growing number of economic 

operators holding a Type B environmental permit for the activity of surface mineral 
extraction, primarily used for the extraction of minerals, sand, and clay from open-pit mines. 
This results in an increasing area in km2 utilized for mineral extraction 

➢ The data reported by activities at the national level in the environmental state reports for the 
years 2021 and 2022 indicate large quantities of waste generated from construction and 
demolition activities, mainly consisting of rubble and stones, which have been collected, 
transported, and deposited in waste treatment areas. 

➢ The lack of data and measurement of waste generation indicators from construction and 
demolition activities at the national and regional levels, according to waste treatment areas by 
the institution of the National Environmental Agency, makes it difficult to calculate the 
progress of waste generation from construction and demolition activities based on the number 
of approved construction permits at the national and regional levels. 

➢ The current legislation for environmental protection and integrated waste management 
envisages that waste with code 17 05 04 - rubble and stones, if subjected to reuse and/or 
recovery operations, based on approved and proven techniques, requirements, conditions, and 
standards, yields very good results in meeting the requirements of the mining sector for the 
rehabilitation and restoration of exploited surface quarries. 

➢ The integrated waste management system for construction and demolition waste (17 05 04 - 
rubble and stones) can be implemented by following simple steps through established 
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facilities using the best available techniques, as well as by passing through several phases of 
technically and legally applicable recovery operations. 

➢ Optimizing all activities for the integrated management of construction and demolition waste 
(17 05 04) generated by the construction sector helps central and local authorities in drafting, 
approving, reviewing, or modifying national and local waste management strategies and 
plans. It enables the application of methods, techniques, requirements, and standards for their 
use in the rehabilitation and restoration of surface quarry territories. 

➢ The implementation of an integrated waste management system for construction and 
demolition waste type 17 05 04 - rubble and stones ensures environmental protection as a 
whole, human health, the rehabilitation and restoration of the territory to a satisfactory 
condition, improvement of the landscape, and guarantees sustainable development of the 
country. 
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Climate disruptions nowadays have become a common thing, and the planet is becoming more 
aware of the fact that the continuous pumping of CO2 into the atmosphere should decrease 
significantly to reach by 2050 the carbon neutrality target. We have extended the overuse of the 
planet’s resources without giving proper thought to how our waste is being disposed of. At these 
circumstances, for the sake of people across the planet we must act now to protect and preserve our 
environment for this generation and be able to provide a safer and livable environment for the next 
ones. Environmental responsibility is our duty to protect and improve our environment. As a 
common  understanding, being responsible toward the environment, for an individual, industry, 
community,  or government, it means to assesses their environmental sustainability and apply this 
knowledge  to their decision-making, through complying with the followings: i) Comply with 
environmental  legislation; ii) Hazardous substances covered by environmental legislation; iii) 
Waste and  recycling; iv) Conservation and biodiversity issues for businesses; v) Prevent and 
remedy pollution  incidents. From this perspective being responsible for the environment is 
essential for businesses due to ethical benefits from planet protection and sustainable development, 
cost savings, brand reputation boosting, application innovation strategies and obtaining advantages 
over the competitive market. In this framework, the application of the principles of Circular 
Economy in a business, are becoming more and more as common understanding of being 
environmentally responsible. This study relates to the introduction of a practical methodology to 
identify and evaluate the level of recognition of businesses toward circular economy principles, 
how can they benefit from their application, how they can evaluate how circular and sustainable 
their daily activities are, and how potentially to increase their devotion toward embracing the 
principles.  

Key words: Circular economy principles, environmental responsibility, renewable energy sources, 
resources protection, water circularity, cost saving, circularity assessment.  

1. INTRODUCTION 
 

According to the Albanian Statistics (INSTAT) [1], Albania managed about 1.1 M tons of  
municipal waste, of which paper and cardboard represent about 8% of total waste managed in 
Albania and plastic amount for about 9%. Currently, there are only seven small -scale plastic 
collection schemes at seven municipalities in the country, while the amount of dirty material  
collected by waste pickers is reported to be about 18%, mostly plastics. 
There is a need for increased public awareness regarding the effects of poor waste management. 
Generally, there is a lack of understanding among the public about the damage caused by improper 
waste disposal. Rising awareness about these is crucial for garnering support and promoting 
positive changes in waste management practices. 
Meanwhile, Albania submitted its first Nationally Determined Contribution (NDC) [2] in 
November 2015, with the commitment to reduce carbon dioxide (CO2) emissions compared to 
the baseline scenario in 2016 and 2030 by 11.5%, or 708 kt CO2 emission reduction in 2030. The 
revised NDC included data on the waste sector. The revised NDC reports that the emissions of 
the waste sector amounted to 621 kt CO2 equivalent (CO2e) in 2009 and to 838 kt CO2e in 2016 
(+35.1%), showing little notable increase since 2009 and with a mitigation forecast until 2030 
of only -1%. Albania's Fourth National Communication to UNFCCC [3] estimates that GHG 
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emissions from the waste sector for the years 2009 to 2019 have increased by 42% from 620.90 
kt COe in 2009 to 881.56 kt CC e in 2019. 
Based on Albania's National Greenhouse Gas Inventory Report [4] most of the GHG 
contribution from the waste sector comes from solid waste disposal of about 78% of CO2e of 
the total emissions from the sector counting for 30.29 gigagrams (Gg), of methane (CH4). 
Followed by the Incineration and Open Burning of Waste of about 1.5% of CO2e of the total 
emissions from the sector counting for 0.34 Gg of CH4. 
An important role is also the importance given to environmental responsibility by the businesses 
in the Republic of Albania, which executes 69.7% of total net sales in the economy while enabling 
69.9% of total investments according to the Institute of Statistics. This baseline study focuses 
on possibilities for implementing reuse business models in the circular economy of Albania. 

 
2. MATERIALS AND METHODS 

 
2.1.What is Circular Economy? 

 
Kirchherr and Reike [5] define Circular Economy as an economic system in which various  
approaches are employed to reduce or overcome wastage of products, avoid product “end-of-
life”, close the material loops, and ensure that we will preserve the Earth’s resources for future 
generations to come. The circular economy aims to preserve the value of products, materials, 
and resources for as long as possible by returning them to the product cycle at the end of their 
use while minimizing the generation of waste. 

 
2.2.What are the principles of Circular Economy? 

The most widely used conceptualization of Circular Economy is likely the so-called “R” 
framework, of which the 3R and 6R frameworks are widely mentioned. In this research, we 
adopt the broader 6R framework. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Circular Economy Scheme 

The 6-R Framework: 

• Reduce 
• Reuse 
• Recycle 
• Recover 
• Redesign 
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• Remanufacture 
 

2.3.What is the importance of Environmental Responsibility for Businesses? 
 

Environmental responsibility is essential to businesses for several reasons, including ethical  and 
practical benefits that can be divided into two categories Ethical and Practical Benefits. Overall, 
environmental responsibility is no longer just an ethical obligation, but a strategic business 
decision. By adopting sustainable practices, businesses can contribute to a healthier planet, gain 
competitive advantage, and ensure long-term success. Areas where Circular Economy Principles 
can be applied in a business are: 

- Use of resources 
- Use of water 
- Energy consumption and use of renewable resources 
- The quality of the business product 

 
2.4.The Benefits of Circular Economy Principles for business 

 
The benefits of Environmental Responsibility for a business are divided into three main 
categories and not only; Reputation, Future of the Business and Environmental. 

 
Reputation: 

 
• Environmental responsibility goes beyond legal obligation, it is a moral and  ethical 

obligation as well, and is rapidly spreading throughout the world. 
• Businesses that produce environmentally friendly products enjoy a higher reputation 

among consumers and not only 
• Businesses, which implement pro-environmental practices, will also create qualified 

staff, thanks to the capacities. 
 

Future of a business: 
 

The legislation will penalize businesses with low sensitivity and attention to the 
environment. The consumer will be oriented towards products/services that operate according to 
the rules of environmental sustainability. 

• Environmentally friendly businesses will be the focus of collaborations with different  
donors 

• Policy and financing: With an increasing number of regulations that stimulate circular 
EQ practices, businesses, aligning with government policies, can benefit from tax breaks, grants 
or subsidies. Aiming at the EU, Albania will equate its legislation with that of the EU, and 
environmental and pro-CE policies will be a condition for the activity, but there will also be 
subsidies from the relevant institutions, to support the industries to make this process easier. 

• Scaled transition: By being involved as early as possible in EQ activities, the transition 
will be easier and more scaled. The steps taken will be smaller, but more effective, since the 
benefits in Circularity will start sooner. CE pioneers will also be used as a reference for 
implementation in businesses that undertake these steps later, or as a consequence of legal 
obligations. 

• Environmental protection and optimal use of natural resources: This economic model 
tends to reduce impacts on natural systems and biodiversity (greenhouse gas emissions, pollution, 
waste) while promoting sustainable development and jobs. The population of the world is 
increasing, but the resources to continue life as we know it today are decreasing. According to 
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Global Footprint Network, 70% of the world's population lives in countries where resources are 
not sufficient to meet their needs. One of the basic principles of the circular economy is the 
preservation and optimization of natural resources. Faced with increasing scarcity and 
competition for most resources, companies that have started applying Circular Economy will be 
able to take advantage of the situation. 

 
Environment 

 
• Reducing negative impacts to ensure a more acceptable environment for current and 

future generations. 
• Optimizing the use of resources reduces business costs, bringing concrete benefits 
• Reduction of production costs: By adapting business technologies, applying EQ 

principles, production costs are reduced. Example; if we produce electricity with solar panels, 
we have clean energy production, although with an initial cost for implementation, with cost 
recovery in a low period and low maintenance costs, and with a high coefficient of material 
recycling after the life cycle. 

• If materials are used as raw materials, which were generated as waste, from another 
industry, then its costs fall, reducing unit costs. We can also reuse the water generated by the 
industry, cleaning it, creating a closed cycle of water consumption. 

 
Indicators that show how environmentally friendly a business is 

 
• Resource productivity – how effective is the company to allocate the natural 
materials extracted from the Planet 
• Percentage of recyclable material used in packaging or production 
• How recyclable is the manufactured product 
• Percentage of recycled water used 
• Percentage of recycled water discharge 
• Percentage of consumption of renewable energies used 
• Estimated environmental savings of rentals 
• How repairable the product is 
• Warranty period of their product 
• Progress towards achieving objectives of the company. 
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2.5.Methodology 
 

The following methodology was implemented in developing this baseline study.[6] 
 

 

Figure 2. Methodology steps 
 

2.5.1. Desk and Online Research 

The first step in the methodology involved conducting desk and online re- search to 
analyze existing reuse systems and willingness in the context of Albania. This research 
included an examination of the current legislation and regulatory framework related to 
waste management and reuse. Additionally, potential businesses that have promoted their 
reuse systems through online channels were studied. The research was focused on sectors 
such as gastronomy, tourism, large- scale events or local beverage industry, retail and 
logistics. The potential reuse systems in agriculture sector were also considered and 
reviewed. 

 
2.5.2. Stakeholder Identification and Preparation 

To ensure a comprehensive analysis, a list of major cities, including Tirana, Durres, Lezha, 
and Elbasan, was initially considered based on criteria such as population density, business 
activity, and potential project impact. Subsequently, a list of major stakeholders was 
compiled, comprising main national and local government institutions, the business 
community, ongoing projects in the reuse sector, and relevant NGOs. The selection of 
stakeholders was carefully agreed upon to ensure diverse perspectives. 

 
2.5.3. Stakeholder Interview 

Interviews were conducted with the identified stakeholders and business operators to gain 
insights into their views, experiences, and contributions to the reuse systems in Albania. 
Key stakeholders included the Ministry of Tourism and Environment, Directorate for 
Circular Economy, Municipality of Tirana, and the General Directorate for Environment and 
Sustainable Development. These interviews were crucial in understanding the existing 
waste prevention and reuse policy framework in the country and the commitment of 
authorities towards establishing a sustainable reuse framework. 

The main questions (tailored based on the interview) were: 
a) Are you aware of reuse concept in packaging? 
b) Can you mention some products in which your business implementing this model or 

exist without you specifically using the model for that purpose? 
c) What is the main reason you introduced the reuse models? 
d) What are the key challenges you encounter in this specific business model? 

 

Step 1: Desk and
Online Research 

 

Step 2: Stakeholder
Identification 

 

Step 3: Stakeholder
Interview 

 

Step 4: Criteria for 
Focus Area Selection 

 

 

Step 5: Focus Area
Selection 
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e) How is the overall consumer behavior? 
f) How do you find the role of the Municipality in supporting you in this respect? 
g) How do you find the role of CCL in supporting you? 
h) Do you implement gender policies in your business? 
i) Do you face gender related barriers in running your business? 

 
2.5.4. Criteria for Focus Area Selection 

The methodology employed several criteria to determine the focus area for in-depth 
analysis. Factors considered included the presence of an established policy framework, the 
existence of innovation hubs, the level of business activity, the readiness of relevant 
institutions, and the consultant’s expertise in the sector. Additionally, the potential for 
creating a sustainable impact was also taken into account. 

 
2.5.5. Focus Area Selection 

Based on the evaluation of the aforementioned factors, the baseline for the analysis was 
set to focus on the Municipality of Tirana. The decision to concentrate on this area was 
made due to its suitability for establishing a sustainable reuse system, supported by an 
already established policy framework, the presence of innovation hubs, and the 
municipality’s commitment to a transformative waste management system. 

 
3. RESULTS AND DISCUSSION 

 
Inventory of existing, proven and/or functioning reuse solutions. Models of functional 
reuse were identified in all four dimensions of reuse models presented by the Ellen 
MacArthur Foundation [7]. 

 
 

Figure 3. Models of Reuse by Ellen MacArthur Foundation 

Refill at home: Refill at home is the most found model in Albania when it comes to customer 
level. The most common model is refill packaging in beauty, perfumes and hygiene. In this 
model customers are provided with a shop refillable container, often in glass but also in plastic. 
Customers can buy refill products which come in light packaging and in some cases with 
biodegradable packaging. The tendency is emerging, and more and more markets and 
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shops provide these opportunities for their customers. It is very common in large retail 
supermarkets and small neighborhood markets to find these products. 
Refill on the go: Refill on the go for customers is also present in Tirana and other cities in 
Albania. Taking coffee or other beverages with your own containers in cafés is provided in 
Tirana. Another model is used by a shop chain which sell in large refill containers detergents 
used at home. Customers go to the shops which are located in several locations in Tirana and 
fill their containers which they bring from home. Additionally, the City of Tirana has also 
installed public drinking water taps in public spaces, which are used by citizens and visitors 
in the city to refill their bottles on the go. 
Return from home: This model is less applicable at customer level but is more present at  
business level. The most common one is the water dispensers which are installed by water 
bottling companies at business premises based on an agreement on amount of order 
(quantities). Water dispensers use bigger plastic bottles up to 19L. These are replaced by the 
business at the office, later cleaned, sanitized, refilled, and reused for the same purpose. 
Return models by these companies are not widely known and less promoted for citizens. 
Businesses know more about it as they are offered directly to use the service. 
Return on the go: Return on the go at business level is present in small scale in Tirana 
although coffee on the go with your own container (refill) is very common. Some of the 
businesses met during this baseline assessment operate on a small scale in services such as 
coffee and food service and dairy products. Under this model the customer buys the product 
such as yogurt in a returnable bottle, uses it at home and returns it at the market, where it is 
later collected by the supplier for later washing, sterilizing and refill. 
 

4. RESULTS 

At the end after this overview over the main principles of Circular Economy that might  
significantly affect and change the attitude of business to be more environmentally 
responsible within their premises and beyond are: 

oEnables the definition of a circular economy strategy – the business understands where the 
weak points are in the management of resources and waste and embraces the principles of 
Circular Economy to make the best allocation of resources, using innovation and technology. 
oPromotes proactive business practices - about 67% of businesses in the world think that 
promoting the application of circular economy principles will attract more customers, investors 
and suppliers. 
oIt helps in obtaining international certifications that can also be done locally - States quickly 
changed their legislation after the Paris Agreement in 2015 to penalize corporations with 
unsustainable business practices. Extended producer responsibility, or plastic taxes, and soon 
such regulations will be widespread. Therefore, CE measurement will be a matter of legal 
compliance very soon. 
oProtecting the planet: Businesses have a responsibility to minimize their negative impact on 
the environment, contributing to a healthier planet for future generations. This includes 
addressing issues such as climate change, pollution and resource depletion. 
oSustainability: By adopting sustainable practices, businesses contribute to the long-term 
sustainability of the planet and ensure that resources are available for future generations. 
oCost savings: Implementing environmentally friendly practices can lead to significant cost  
reductions. This can include reducing energy and water consumption, minimizing waste and 
using sustainable materials, all leading to lower operational costs. 
oIncreased brand reputation: Consumers are increasingly aware of environmental issues and 
often favor businesses that demonstrate a commitment to sustainability. This can lead to 
improved brand image, customer loyalty and even attract new customers who appreciate 
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environmentally friendly practices. 
oRegulatory Compliance: Businesses are subject to various environmental regulations and 
non-compliance can result in heavy fines and legal consequences. Taking proactive steps 
toward environmental responsibility ensures compliance with these regulations and avoids 
potential legal issues. 
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In the context of our rapidly evolving world, the escalation of environmental pollution 
underscores the growing significance of green buildings. This study explores the multifaceted 
benefits of green buildings, encompassing economic advantages, sustainability, and 
ecosystem protection. Economically, green buildings are identified as favorable due to their 
efficient use of resources, cost-effectiveness, and sustainable construction materials. From a 
sustainability perspective, these structures emphasize optimal site planning and waste 
management, contributing to environmental conservation. Furthermore, green buildings play 
a crucial role in safeguarding the ecosystem by mitigating habitat destruction and supporting 
biodiversity, addressing the urgent need for environmental protection. Comprehensive 
research validates the pivotal role of green buildings in securing a sustainable future, 
predicting a surge in their integration within the construction industry. This necessitates the 
advancement of construction technologies and an acceleration of construction firms' efforts 
towards green building projects. Additionally, the paper highlights the importance of 
enhancing public awareness regarding sustainable practices. It advocates for a collaborative 
approach among engineers and architects to meticulously plan green projects, ensuring the 
maintenance of ecosystem balance. This study concludes that green buildings are essential for 
a sustainable future, recommending a concerted effort towards their development and 
widespread adoption. 

 
Keywords: Sustainability, Construction, Green, Ecosystem, Economic, Future. 
 

1. INTRODUCTION  

Buildings have been one of the fastest growing industries for a long time, and these days, with 
the improvement of technology, more advanced buildings are being built, which consume a 
lot of energy, natural materials, and water and cause pollution. As a consequence, sustainable 
buildings should be normalized to provide comfort to nature and human beings. The concept 
of sustainable buildings started with the "back to nature" movement, which started in 1960 
and has improved since 1970 to include office buildings that conserve energy. One of the most 
concerning aspects is economic development, as most, if not all, companies care most about 
the profit, as they choose the materials and plan the project according to the profit.  
As a result, companies should follow the green economy criteria. In addition to using 
recyclable materials and efficiently planning the project, sustainably can decrease the cost of 
the project construction and help save the environment. Moving on to the construction 
process, which is the most important process, the company should be careful while 
deconstructing the old building to use the maximum possible amount of the old material and 
prepare the site wisely. Moreover, to highly consider waste management as waste causes 
pollution and consumes so much water. For example, with the high consumption of energy 
these days, buildings should be planned to save energy. One example would be to provide 
natural ventilation instead of air conditioners. Green buildings have a great role in protecting 
the ecosystem as they increase biodiversity, creating ecological and climate balance. It’s 
important to limit the natural harm that is caused by human activity. Therefore, people should 
be educated about the importance of the ecosystem and nature and how to sustainably deal 
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with it by recycling the material instead of dumping it. While shaping the future, sustainable 
buildings should be given more space in our lives due to their economic aspect, sustainability, 
and protection of the ecosystem. 

2. EXISTING SITUATION OF MATERIALS, CONSTRUCTION AND 
DEVELOPMENT 

2.1.Economic development and sustainability 

Firstly, development is one of the most important priorities of all living things, so it is essential 
to improve in order to increase the comfort of life and to catch up with the rapidly developing 
age. The most logical way to catch up with the era in the 21st century is to cause the least 
environmental damage and to earn the most financial profit, and therefore, many sectors are 
trying to develop. At first glance, development and the economy seem to be very different 
things, but the impact of the economy on development is greater than expected. The 
construction industry has realized this importance by making sustainable buildings its primary 
goals. Regional economic development is one of the most important features targeted in the 
construction sector. Therefore, it is very important for the construction industry. For example, 
as Tıkansak (as cited in DergiPark) stated thanks to sustainable buildings in the construction 
sector, regional economic development occurs in many regions.  
In terms of the use of construction materials, which are green industry products, in accordance 
with the green economy criteria, and the active use of the energy consumed in these buildings, 
the construction sector meets the sustainable economic growth criteria in this direction (2018, 
p.314). In this way, living things do not have to live with an obstacle. Sustainable buildings 
contribute to regional economic development and provide great convenience to the people 
who will live in the building. Thanks to sustainable buildings, regional economic development 
benefits many people and the environment. The development based on the increase in the 
profit rate of the construction company also causes an increase in the financial earnings of the 
construction sector.  
Most companies are not very positive about doing the project unless they can increase the 
profit rate. Construction companies achieve the development based on the increase in the 
profit rate mostly by using sustainable buildings. For example, as Tıkansak (as cited in 
DergiPark) stated in particular, by determining the future of the construction sector, the main 
trends in the development based on the increase in the profit rate of the company in the sector, 
which are the main trends, were focused on the 5 construction of buildings with high energy 
efficiency (2018, p.325) In this direction, social and environmental responsibilities to business 
are loaded. For example, as Karademir (as cited in DergiPark) stated in the construction 
sector, as they cause high energy consumption in the World, companies are among the 
businesses that undertake these responsibilities (2021 p.64). In this direction, the world began 
to realize the harms of energy consumption to the economy, and it was obvious that some 
sectors should take responsibility, as a result, the construction sector started to build 
sustainable buildings.  
As a result, the construction industry is increasing the importance it attaches to the 
construction of sustainable buildings, taking into account the contribution of regional 
economic development and increase in company rates to the economy. One of the extremely 
important issues is increasing sustainable buildings while shaping the future. First of all, these 
important effects of sustainable buildings show their visibility as causing the most economic 
development. One catastrophic event worth mentioning is the economic crisis in the 
construction industry, directly caused by rising construction costs. The construction of 
unsustainable buildings undeniably brings with it the economic crisis in the construction 
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industry. The more recyclable products are used in buildings, the more cost is reduced. In the 
end, the use of recyclable materials will result in less waste and then getting the job done at 
less cost. For example, as İpekçi (as cited in DergiPark) stated, these recycled building 
materials/components not only add ecological value to the building they are used in but also 
provide economic benefits and affect environmental and structural sustainability (2017, p.43).  
Based on this information and considering the directly proportional relationship between the 
use of recycled products in buildings, the reduction in environmental damage and economic 
profit, the increase in the number of sustainable buildings may eventually lead to an increase 
in the contribution rates to the environment and the economy. The increase in the use of these 
recyclable products will 6 have positive consequences for the natural environment and the 
economy in the construction sector. For example, as Karadayı (as cited in DergiPark) stated, 
considering that approximately 10% of the environmental impacts that occur during the life 
of a building are caused by the building materials used, the importance of building material 
selection comes to the fore (2017, p.44).  
This dataset clearly demonstrates the positive results of using recyclable materials in these 
structures. In order to minimize the economic problems in the construction sector, it is 
necessary to take action and make conscious decisions. Another important factor worth 
mentioning in the economic contribution of sustainable buildings to the construction sector is 
the selection of settlements at a sustainable cost. Since the choice of settlement to be built in 
the construction sector leads to an increase in economic crises, the choice of settlement should 
be suitable for sustainability and therefore at a low cost due to this problem. In the end, the 
selection of sustainable settlements, which eliminates the economic distress, will result in 
comfort and efficiency for sustainable buildings.  
For example, as Tosun (as cited in DergiPark) stated, sustainable urban planning, energy, 
environmental opportunities, transportation, etc. of the land. It aims at a mixed-use approach 
that aims to use it effectively in line with the (2013, p.32). From a more regional point of 
view, the importance of settlements suitable for sustainability was mentioned once again and 
what is the purpose of researching the targets in the direction of progress. turned out to be just 
as effective. One way to prevent many problems that will arise in this way is to find solutions 
for the selection of settlements in a sustainable economy. As a result, sustainable buildings 
should be given more place in our lives due to their economic aspect, sustainability, and 
protection of the ecosystem. Secondly, while supporting sustainability, the construction field 
has a major role that can be achieved by preparing the site properly and managing the 
materials wisely to construct with as minimal waste as possible. First, preparing the site is  one 
of the most important stages 7 that needs to be done effectively, as this process also affects 
the future of buildings by preventing the excessive use of the environment.  
To achieve sustainability during building, the Structure Approach should be followed, which 
consists of nine stages starting with Briefing. It is a critical stage in which stakeholders are 
guided about sustainability, which is presented explicitly. The briefing also highly affects the 
decisions that are taken in the following three stages: target settings, designing, and design 
development. Gibberd stated that during and after the process of design development, it’s 
crucial to prepare and train a suitable team for the project, which will achieve sustainability 
with high-performance levels. At the end of the process, it is suggested by the structure 
approach that a user manual should be handed, so while deconstructing, the building is 
refurbished and reused, and if it is not possible, as much of the building as possible should be 
recycled or reused (2002). As with everything in the world, the foundation is the most 
important step because if it is built incorrectly, everything will fall later, which is why the 
construction process should be carefully planned. Second, materials should be chosen wisely 
to provide sustainability as well as comfort for the user, but more importantly, old ones should 
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be reused to conserve natural resources, as they consume tons of sand and natural rocks 
globally.  

 
2.2.Green materials, sustainable construction and waste management. 

For instance, concrete is a material that is used in the majority, if not all, of construction sites. 
According to one study each year, approximately 11 billion tons of construction and 
demolition waste are recorded. However, the concrete recycling industry has emerged as a 
key strategy for meeting today's demands for sustainable development (Jin et al., 2015, pp. 
894–895). In addition to glass, which is one of the most used materials not only in building 
structures but also in interior equipment such as light bulbs, crystals, and focal lenses. Spite 
the fact that glass can be recycled endlessly without losing its quality, some countries still 
have glass waste, like Nigeria. Moreover, glass waste can also be used in concrete aggregation 
and cement mixture (Ogundairo et al., 2019).  
Nowadays, technology is improving every day, if not every minute, 8 and recycling should 
have priority over the development of new advanced materials. Finally, when it comes to 
sustainable building development, the construction process is regarded as the most important. 
It has a number of stages that must be precisely followed in order to achieve these 
developments with the least amount of waste produced. As well, recycling building materials 
has become one of the most important issues in modern times in order to preserve nature as 
much as possible. Moving on, sustainability greatly protects the environment in a variety of 
ways, including waste management and energy conservation.  
Consider waste management, for example, as it greatly aids in the protection of the 
environment from climate change and pollution. Amaral stated that one of the most common 
mistakes that contribute to waste is a lack of design by architects. They should offer waste 
management solutions because poor decisions can result in a large amount of waste, and they 
should educate clients about the environmental benefits. Based on the United Nations 
Educational, Scientific, and Cultural Organization, 33 percent of the global population lacks 
a reliable source of drinking water, which is caused by excessive water pollution, as buildings 
withdraw approximately 12 percent of freshwater in the United States alone (2020). Given 
the current state of the world, waste management must be approached with caution, as it has 
a significant impact on both the environment and human beings.  
Moving on to energy conservation, which helps to create a healthier environment by 
conserving natural resources and reducing pollution. Regarding the growth in the population, 
cities, and industries, and the desire for high standard of livings nowadays, a huge amount of 
energy is being consumed affecting climate change and increasing pollution. Litardo 
explained that buildings in European Union member countries consume 40% of total final 
energy and emit 36% of carbon. Furthermore, buildings consume 60% of the world's 
electricity, and this percentage has been increasing over time (2021). Artificial ventilation, 
for instance, which is used to provide indoor thermal comfort and 9 artificial lighting, 
consumes a significant amount of energy, particularly in the educational building sector, 
which can be solved by designing thermal isolation walls and providing better natural 
ventilation solutions.  
Green roofed buildings are one of the best solutions for lowering indoor temperatures by half 
in the summer and isolating them from cool weather in the winter besides absorbing air dust 
and carbon and replacing it with oxygen. Another solution is to install electrical shades on the 
windows to block out summer sunlight while allowing in winter sunlight; this process reduces 
the use of air conditioning by 12 percent (Ma et al., 2021, pp. 807-808). There are numerous 
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green ways to save energy, particularly electricity. Industries, as well as individuals, should 
participate in solving this issue. In conclusion, saving the environment has become one of the 
most critical issues discussed as the world improves on a daily basis, resulting in increased 
consumption of energy and natural resources. Some solutions have been provided, such as 
waste management through proper design, construction, and usage plans, as well as energy 
conservation through space design based on the surrounding conditions.  

3. RESULTS AND DISCUSSION 

Finally, an ecosystem is a continuous ecological system that consists of the interactions of 
living and non-living things in a certain section. One of the major responsibilities is protecting 
this ecological system, which includes humans as well. Every wrongdoing committed in place 
of safeguarding this ecosystem is a great wrong for humans as well as for other living 
organisms. These evils also include the structures that are built. 
Sustainable building is one of the most crucial strategies to stop this method and safeguard 
the ecosystem. The protection and support of plants and biodiversity in our ecosystem's 
natural portion is one of the few mainly associated that sustainable buildings do for it. 
Numerous studies on special species have suggested that the increase in green areas 
substantially affects biodiversity. For instance, as Dr. Aronson (as cited in BBC News) stated, 
in comparison to undeveloped land, cities have only 8% of the bird species and 25% of the 
plant species (2014, 10 para.6). Based on this research, it is of great importance that the city 
settlements are smooth and the building structures are suitable for the environment. Green 
buildings are important in this urbanization because they offer advantages like water 
efficiency and energy savings. The building structure in settlements affects all other vital 
activities both naturally and humanly. 
Factors affecting biodiversity, according to the World Conservation Union (as cited in Selim 
& Mutlu) include habitat loss and fragmentation, invasive foreign species, pollution, climate 
change, overuse, and rapid population growth (2013). The significance of sustainable 
buildings at this point emerges in terms of both supporting biodiversity and reducing 
ecological problems caused by climate change, which, as previously stated, is one of the 
factors affecting biodiversity. Cities and climate change have a symbiotic relationship. The 
reciprocal relationship prevents us from considering two phenomena separately. Therefore, 
climate change and biodiversity are considered as two intertwined phenomena. Climate 
change is one of the biggest problems of our developing world. A lot of research has been 
done on this subject and it has been proven that the effects of people's actions on climate 
change. For example, as United Nations Framework Convention on Climate Change (as cited 
in Özçuhadar) stated, carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O), the 
greenhouse gases that cause climate change, are thought to contribute 50%, 18%, and 6%, 
respectively, to the global warming effect brought on by human activity (2007, p.1). 
According to this study, human-made structures like roads, bridges, and buildings play a 
significant influence in contributing to climate change. Green energy and sustainable 
construction should be favoured to stop this in order to lower gas emissions and create a more 
liveable planet. As a result, green buildings reduce vegetation, biodiversity, and the negative 
effects of climate change while also making the world more liveable. 
There are human factors in addition to natural factors that affect ecosystem protection. These 
human elements also include the resources that people rapidly deplete. One 11 of the crucial 
issues we need to solve to protect the ecosystem is rapid resource consumption, which is 
particularly prevalent in the building sector. For the sake of future generations and resources 
that may become depleted, it is crucial to limit the harm that human activity causes to the 
environment and natural resources. As Tsoi et al. (as cited in Özçuhadar) stated, construction 
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and demolition wastes make up 48% of all solid wastes buried in the ground, according to a 
2002 study on construction sector waste done in Hong Kong (2007, p. 5). Based on this study, 
it is seen that the fundamental changes to be made in the field of const ruction have great 
importance in resource consumption. At this point, green buildings, the new rising star of the 
construction industry, have an important mission. Because green buildings may effectively 
manage resources in this way by supplying the building's energy requirements from 
systemized facilities that utilize renewable natural resources. Resource management in green 
buildings minimizes consumption and is anticipated to be favored in new constructions 
because its goal is to provide the most benefit with the least resource consumption. As Mintlab 
stated, recycled materials make up 80% of concrete, brick, and insulating materials, 79 % of 
aluminum, 65 % of steel, and 21 % of glass. Buildings use renewable energy sources like the 
sun and wind to generate the energy they require (2021). Green buildings, as opposed to 
conventional ones, are extremely important for conserving our resources because they aim to 
maintain resource recycling at the highest level, provide safe and usable conditions, make 
waste usable, avoid environmental pollution by choosing renewable materials, and avoid 
risking consumable ones. On the other hand, one of the greatest harms that humans and the 
building industry do to the ecosystem, aside from depleting its resources, is the harm that they 
inflict on the environment and our energy sources. The features such as the materials used in 
the general buildings, the harmful gasses released after the energy, and the water consumption 
are the biggest proofs that the construction of traditional buildings should be reduced. 
According to USGBC (as quoted in 12 Ba Alawi) in comparison to other sectors, CO2 
emissions from buildings will rise at a pace of 1.8 percent per year over the next 25 years 
(2021, p.7). In line with this estimation, it is possible to say that the importance and 
construction of green buildings will increase. As mentioned above, the construction industry 
and its activities cover a significant part of CO2 emissions and continue to increase this part. 
For instance, as Japan for Sustainability (as cited in Özçuhadar) noted, the building industry 
contributes 40% of Japan's 1.3 billion tons of annual CO2 emissions.  
Transportation accounts for about 9 percent of total costs, followed by energy and ventilation 
(11.5 percent) and household operations (cooking, heating, etc.) at 13 percent. Buildings have 
the ability to cut CO2 emissions by up to 40%, according to studies (2007, p. 5). This 
circumstance has the potential to both expand the problem and evolve in a way that is solution-
focused with the new structures to be added to the old building blocks. Given this situation, 
the keyword to reduce is now sustainable buildings. Green buildings stand out from typical 
structures in numerous studies and comparisons because they use less water, and energy, and 
cause less damage. For instance, Erten (cited in source Kılıç & Erikli) pointed out that 
research on green buildings is 33 - 39 % in CO2 emissions, 24 - 50 % in energy use, and 30 - 
50 % in water consumption, compared to average structures created with standard methods. 
demonstrates that it may cut down on solid waste generation by 70% and maintenance 
expenditures by 13% (2021, p. 263). According to these findings and observations, increasing 
the development of green buildings should be the top priority in the near future. As a result, 
protecting the ecosystem in which we exist is a responsibility shared by all living things, 
especially because humans are the ones who cause the most damage. To exhaust the resources 
impacted by human causes and lessen environmental harm, action must be performed as soon 
as possible. All things considered, protecting the ecosystem in which we exist is a 
responsibility shared by all living things, especially because humans are the ones 13 who 
cause the most damage. To exhaust the resources impacted by human causes and lessen 
environmental harm, action must be performed as soon as possible. 
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4. CONCLUSION 

As a result of these studies, in our ever-advancing and developing world, the environment is 
getting polluted and the importance of green buildings is increasing. Various positive aspects 
of green buildings are revealed when they are considered from different issues such as 
economics, sustainability and protection of the ecosystem. First of all, when the economy is 
considered, green buildings have proven to be economically preferable for different reasons 
such as development, cost and materials used in the construction of green buildings. On the 
other hand, when looking at sustainability, the preparation of the settlement is important in 
terms of construction and waste management is important in terms of the environment. These 
points are also taken into consideration in the construction of green buildings in the most 
proper way. Finally, since the importance of protecting the ecosystem is increasing day by 
day, we must protect our world in terms of natural and human aspects. Green buildings, which 
prevent ongoing destruction and rapid resource consumption, also contribute to biodiversity. 
Considering all these reasons, a lot of research supports that green buildings have an important 
role for our future. It is predicted that the construction of green buildings in the construction 
sector will increase rapidly. Therefore, the technologies to be used in the construction of these 
buildings should be developed and construction companies should accelerate their efforts in 
this direction. Another important topic is to raise awareness of people day by day. 
Incidentally, in order to maintain ecosystem balance in the future, it is recommended that both 
engineers and architects plan well for green projects. 
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Exploring Eco-Friendly Building Materials 
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As our planet faces environmental challenges, it's important to find ways to build homes and 
buildings without harming the Earth. Traditional materials like concrete and steel are harmful 
because they use a lot of energy and resources to make. In contrast, eco-friendly alternatives 
involve a wide array of materials, including recycled, renewable, and low-impact options. 
Recycled materials, like r wood, steel, and glass, offer the benefits of waste reduction and 
resource protection. Renewable materials, such as bamboo, straw bales, and cork, are sourced 
from renewable natural sources, reducing dependence on non-renewable resources. 
Additionally, low-impact materials prioritize energy efficiency and minimal environmental 
impact throughout their lifecycle. To make eco-friendly materials more popular, architects, 
builders, and governments need to collaborate. They can implement rules and promote the 
use of these materials in construction. Additionally, educating people about the benefits of 
eco-friendly buildings can help generate demand for them. In conclusion, using eco-friendly 
building materials is a big step forward in protecting the environment. By making smart 
choices, we can build a greener future for everyone. 

                              
Keywords: Environment, Eco-friendly materials, Recycle, Renewable, Construction. 

 

1. INTRODUCTION  

In this paper, we're diving into the world of environmentally friendly materials used for 
building. Imagine a world where buildings not only serve our needs but also protect our planet. 
That's what we're exploring—how to construct homes, offices, and structures in a way that's 
kind to the environment. As previously known the challenges for building a safe and 
sustainable environment are constantly rising due to the consequences of climate change.[1] 
The growing frequency and severity of natural disasters call for smart solutions. Future-proof 
construction is therefore no longer a decision, but a necessity. High-performance material 
solutions are essential for the construction of long-lasting and safe structures. In the 
contemporary landscape of construction and infrastructure development, the importance of 
sustainability has emerged as a central guiding principle. With environmental concerns 
mounting and the need for responsible resource management becoming increasingly apparent, 
the quest for eco-friendly building materials has gained unprecedented traction. In 2019 alone, 
the building construction industry was responsible for 38% of global CO2 emissions, 
recording almost 10 gigatonnes. [2] As if that has not caused enough damage, the construction 
industry has relied on non-renewable resources for products that are also environmentally 
toxic. Through this exploration, we aim to present sustainable solutions that not only minimize 
ecological footprints but also promote, harmonious built environments. 

2. MATERIALS AND METHODS 

2.1    The environmental impact of construction 
 



 

402 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

First of all, to find a solution and promote eco-friendly building materials, we need to discuss 
about the condition in which our planet is because of construction and its importance 
nowadays. Construction is an essential part of human development, providing infrastructure 
for communities, homes for individuals, and spaces for commerce.                                           
 However, this progress comes at a cost, because as we all know the construction sector is 
considered worldwide as one of the main sources of environmental pollution, as it produces 
enormous negative effects on the environment either directly or indirectly throughout the life 
cycle of development. These impacts occur from initial work on-site through the construction 
period, operational period and to the final demolition when a building comes to an end of its 
life. [1] During construction, significant energy consumption occurs, primarily from 
machinery operation and building material production. This energy often comes from non-
renewable sources, leading to greenhouse gas emissions and climate change. [3]                                                                  
Additionally, Construction is expected to cause damage to the fragile environment due to 
adverse impacts of construction, including resource depletion, loss of biological diversity due 
to extraction of raw materials, waste dumping, lower productivity work, adverse effects on 
human health due to poor indoor air quality, global warming, acid rain and smog caused by 
emissions generated by the manufacturing of energy-consuming construction and 
transportation products. [4]       
Moreover, the transportation of these materials to construction sites contributes to carbon 
emissions, air pollution, and traffic congestion. According to some studies, construction is 
responsible for up to 50% of climate change. It also impacts landfills and air, water, and noise 
pollution. [5] The construction sector contributes to 23% of air pollution, 50% of the climatic 
change, 40% of drinking water pollution, and 50% of landfill wastes. In separate research, the 
construction industry accounts for 40% of worldwide energy usage, with estimations that by 
2030 emissions from commercial buildings will grow by 1.8%.[6]  in the different climatic 
and geological conditions, animal species are established that adapt to the specific conditions 
of the different sites where construction projects are developed.                                                                                                  
Also, in thinking about how construction impacts fauna, the most representative phenomenon 
is, precisely, the migration of animal species and therefore, the impact on the ecosystem. [7] 
Likewise, the operation and transit of vehicles and heavy machinery, by generating significant 
levels of noise, scare away some species such as mammals and birds. It means, then, that the 
fauna, as well as the flora, is susceptible to modifications that can alter its life partially or 
totally. [7] 
In discussion of environmental impact of construction, we can not leave without mentioning 
the materials that are the “cell” of construction. Materials used in construction projects have 
a huge importance because they determine the characteristics of the project, requirements and 
type of maintenance required. The variety of raw materials used is quite extensive and with 
the passage of time and technological advances, compounds have been developed that respond 
to the changing needs of the industry. They serve as the very fabric upon which construction 
projects are built, providing structural support, insulation, and aesthetic appeal. Wood, 
cement, aggregates, metals, bricks, concrete, clay are the most common type of building 
material used in construction. The choice of these are based on their cost effectiveness for 
building projects. [8] Depending on the fact that building materials are used in large quantities, 
so they must come from abundant, inexpensive raw materials. Many naturally occurring 
substances, such as clay, sand, wood and rocks, even twigs and leaves have been used to 
construct buildings.                                                                                                      
Generally, stone and brush are used as basic structural components in these buildings, while 
mud is used to fill the space between them to act as a type of concrete and insulation. [9] Apart 
from naturally occurring materials, many man-made products are in use, some more and some 



 

403 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

less synthetic. [10] The manufacture of building materials is an established industry in many 
countries and the use of these materials is typically segmented into specific specialty trades.                                                                                          
Moreover, construction materials can be generally categorized into two sources, natural and 
synthetic. Mixing these materials together are created other building materials that are used 
in construction, such as concrete that is a material widely used in composite construction 
projects made from the combination of aggregate and a binder such as cement. [11] 

                                                                                                                       
 
2.2         How was the necessity for eco-friendly building materials born? 
 
Faced with the need to give society greater spaces for housing, commerce and recreation, the 
construction industry showed considerable growth. However, negative effects also appeared 
such as the emission of toxic substances and the indiscriminate use of natural resources. The 
above began to raise red flags in society in the 1970s, especially when the oil crisis of 1973 
made people think about how necessary it was to save energy through the moderate use of 
fossil fuels such as gas and coal. [12]                                                                         
A decade later the term “Going Green” and “Sustainability” appeared and became new 
buzzwords in most industries, which establishes the need to think about the resources that 
future generations would need to survive.[13] The necessity for eco-friendly building 
materials emerged due to increasing awareness of environmental issues, such as climate 
change, pollution, and resource depletion.                                                                                           
As societies realized the negative impact of traditional construction materials and practices 
on the environment, there was a growing demand for sustainable alternatives that reduce 
carbon emissions, conserve natural resources, and promote healthier living environments. 
This began a gradual change that currently involves not only architecture and urban planning, 
but also civil society and governments. This led to the development of eco-friendly building 
materials that prioritize renewable resources, energy efficiency, and minimal environmental 
impact throughout their lifecycle and promote biodiversity.                                                 
As consumers, developers, and policymakers, we all have a role to play in promoting the use 
of sustainable materials in construction and creating a more sustainable future. [13]  
 
2.3    But how do we define a 'sustainable' material, and which are their benefits? 
 
Sustainable materials are described as items that are produced and used by humans in an 
environmentally responsible way. They can be produced in the necessary quantities 
throughout consumer and industrial economies without depleting non-renewable resources or 
upsetting the environments and major natural resource systems established steady-state 
balance.[14] To put it simply, sustainable materials are typically made from renewable 
resources and can be recycled into other items, thus reducing waste processes and preserving 
the environment. 

1.Cork                                                                                                                                                        
Often associated with wine stoppers and bulletin boards, cork can actually be used as a 
construction material. Its many sustainable features are still unknown to many. The cork we 
use comes from cork oak trees, which can survive for around 200 years. During its lifespan, 
a tree can produce some hundred kilograms of cork, making it one of the most renewable 
sources. Stripped from the tree barks, it is then processed to produce the cork to be made into 
boards or stoppers. Nowadays, architects are showing interest in this material as it is 
recyclable, water resistant, lightweight and thermally efficient. [2] 

2.Recycled steel                                                                                                                                       
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Steel, one of the most widely recycled materials, plays a crucial role in reducing 
environmental impact. processing discarded steel products and scrap and melting them down 
to create new steel. This process consumes significantly less energy and reduces the need for 
mining and refining iron ore. Recycled steel not only saves resources but also decreases 
greenhouse gas emissions and other pollutants associated with steel production. [15] 

3.Recycled or Reclaimed wood                                                                                                               
You can’t go wrong with wood; it is easy to use, especially with proper care, and with the 
right aesthetic can make for some rather pleasing architectural elements. But how do we make 
its use sustainable? With proper management, wood can be a renewable resource. However, 
we must ensure not to rely on new wood or our usage can overtake its growth rate. One easy 
solution is to recycle reclaimed wood. We can already see this practice with upcycled 
furniture. By recycling wood, we can lower deforestation and indirectly promote biodiversity 
and carbon capture. [2] 

4.Bamboo                                                                                                                                                      
 A popular material for both architecture and industrial design, bamboo has been used for 
construction as a sustainable building material by many architects.Its fast growth rate and 
abundance make it an environmentally and economically sustainable material . In fact, 
bamboo is known to be one of the fastest-growing plants in the world. It is also lightweight 
and flexible to shape with the proper technique. Combined with computational means, 
bamboo can be used to construct strong and stunning structures. 

5.Hempcrete                                                                                                                                   
Hempcrete stands as a remarkable bio-composite building material that embodies 
sustainability, performance, and environmental responsibility. With its exceptional insulating 
properties, breathability, and carbon-sequestering capabilities, hempcrete is a game-changer 
in the world of green construction.  Thus hempcrete indirectly further reduces the need for 
energy consumption for heating or cooling. [16] 

6.Mycelium                                                                                                                                        
Mycelium has been explored as a potential sustainable construction material in the recent few 
years. It is a fungal material, more specifically made from the root-like fibres of the fungi. If 
developed and used the right way, it can become one of the most innovative green materials 
due to its organic and environment-friendly as well as it being insulating and non-toxic to 
both users and the environment. [2]  That’s not all – it is lightweight and resistant to fire and 
water. Mycelium is now being used in several industries including packaging and fabrication. 

7.Rammed earth                                                                                                                                 
Buildings in rammed earth, dating back centuries, can be found in many parts of the world. 
To this day, it is considered an plentiful , and sustainable resource for building material. With 
the right type of earth for such constructions, rammed earth buildings can have a low carbon 
footprint since the earth excavated from the site can be used, leaving little or no need for 
transportation. Using low carbon materials such as rammed earth can decarbonise the 
environment. A similar material is mud, which many modern architects have experimented 
with. 

8.Biocomposite cement 
Technology has become so advanced that we can now produce masonry blocks with materials 
grown from algae! Certain kinds of algae are able to naturally produce cement-like material. 
The result is a low-carbon material with similar properties to cement used in construction. 
This is still largely in the testing processes and not widely used in the industry yet but could 
soon be one of the leading materials to help achieve net-zero buildings. 

9.Recycled plastic                                                                                                                                    
Plastic material is a pressing environmental threat polluting much of the earth and the oceans, 
owing to high usage and low recycling rates. Many artists and designers have taken up the 
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challenge of using recycled plastic in their products. Although this may just be a small 
collective effort, as the recycling reaches industrial level, this practice may soon prove 
effective along with reduced reliance on plastic, of course. 

10.Terrazzo                                                                                                                                            
Terrazzo is a recycled material used commonly as floor tiles. Not only is it aesthetic with 
colourful fragments, but also sustainable as it is made from scraps of marble and glass chips 
in cement. This material is nothing new; it has been used since the ancient Roman times but 
was popularised in the 18th century. The terrazzo we use now is an upgrade of the old with 
better resistance to scratches and cracks. Ecological recycling is what makes terrazzo a 
sustainable material – even pieces of plastics can be recycled to become terrazzo. 

11.Mud bricks                                                                                                                                               Mud 
bricks are an ecological material as they are usually made on site, or at least with the mud 
from the site. Thus, it reduces the need for more materials and transportation for them to be 
carried to the site. They are rarely made only with mud and water; other materials such as 
straw or even cement can be mixed in to reinforce its strength. As they are produced from 
mud on site, they are recyclable and non-toxic to the environment. They also have high 
thermal mass (the ability of a material to absorb and store heat), making it a good option in 
hot and dry locations. The only downside is that mud bricks need good insulation against 
water. 
2.3    What are their benefits? 

The use of ecological construction materials translates into a series of benefits both for 
the environment and for the people who will inhabit the buildings:                                                             

Reduced carbon footprint: [14]  Eco-friendly building materials typically have a lower 
carbon footprint over their life cycle. Being produced in a more sustainable and efficient way, 
they generate fewer greenhouse gas emissions, which contributes to the fight against global 
warming.                                                                                                                                             

Saving natural resources: The use of renewable and recycled materials allows us to 
reduce the extraction of non-renewable natural resources, such as wood, oil or minerals. 
Furthermore, by promoting recycling and reuse of materials, the amount of waste is reduced 
and a more efficient circular economy is promoted. [12]                                                                                                            

Improved energy efficiency: By using materials that have insulating properties, such as 
rock wool, hemp or cellulose, greater energy efficiency is achieved in buildings. This 
translates into lower energy consumption for heating and cooling, thus reducing polluting gas 
emissions associated with the use of air conditioning systems.[17]                                                                                                                                                                                 

Indoor air quality: Green materials are generally less toxic and release fewer volatile 
organic compounds (VOCs) than conventional materials, improving indoor air quality in 
buildings and protecting the health of their occupants. [12]                                                                                                       

Promoting biodiversity: The selection of sustainable materials can have a positive 
impact on biodiversity by promoting more responsible agricultural and forestry practices, 
avoiding the destruction of ecosystems and preserving local fauna and flora.                                                              

Long-term value: Buildings constructed with green materials typically have a longer 
lifespan and greater resistance to adverse weather conditions, which in turn reduces long-term 
maintenance and repair costs.                                                                                                                                

Corporate responsibility: The use of ecological materials in construction also has an 
impact on the perception of companies and organizations, demonstrating their commitment 
to caring for the environment and sustainability. [17]                                                                                                                                                                                 
2.4   Countries that prioritize the use of eco-friendly building materials in construction 

There are several countries that prioritize the use of eco-friendly materials in 
construction, but some of the leaders in this regard include: 
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         Germany: Known for its rigorous environmental standards, Germany promotes the use 
of sustainable materials such as recycled concrete, timber, and energy-efficient insulation.                              
         Denmark: With a focus on sustainable urban development, Denmark emphasizes green 
building practices and materials such as wood, bamboo, and recycled materials.                                                
         Sweden: Sweden is committed to reducing carbon emissions in construction by 
promoting the use of wood, which is renewable and has a lower carbon footprint compared to 
traditional building materials like concrete and steel.                                                                                      
         Norway: Norway has stringent regulations promoting environmentally friendly 
construction practices, including the use of recycled materials, energy-efficient designs, and 
sustainable building techniques.                                                                                                                              
         Netherlands: The Netherlands is renowned for its innovative approach to sustainable 
architecture and promotes the use of eco-friendly materials such as reclaimed wood, recycled 
glass, and energy-efficient technologies. [18]                                                                                                                                                                                 
 

3. CONCLUSION 

In conclusion, the journey towards change commences with us, underscoring the necessity to 
disseminate information and educate individuals about the essential role of sustainable 
building materials. There are several effective strategies to educate people about using more 
eco-friendly materials for building such as Awareness Campaigns, Demonstration Projects, 
School Curriculum Integration etc. Exploring Eco-Friendly Building Materials" urges us to 
go beyond the usual ways of thinking and embrace a future where being sustainable isn't just 
a choice but a must-do. 
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Pakistan is a country characterized by an extremely high rate of deforestation. This paper is 
a review and attempts to analyze the trends of deforestation and their impacts using statistical 
information about the amount of deforestation, the loss of important vegetation, and the 
ecological consequences of these events. This review paper consolidates and analyzes 
existing research on deforestation in Pakistan, drawing insights from two distinct case studies. 
One case study, conducted by (Waseem & Khayyam, 2019) explores the deforestation 
dynamics within the capital city, Islamabad, while the other, by (Qamer et al., 2016) 
scrutinizes the Northern Himalayan region of Pakistan which is a significant contributor 
about 67% of Pakistan's total forest cover. The primary objective of this review is to 
synthesize and critically assess the findings from these studies. Special attention is given to 
quantifying the rate of forest cover loss specifically in Islamabad and the northern regions of 
Pakistan Additionally, the research aims to quantify the rate of forest cover loss specifically 
in Islamabad and the northern regions of Pakistan. The methodology involves a thorough 
examination of various research papers to construct a comprehensive review, offering insights 
into the state of deforestation and environmental degradation in Pakistan using six reputable 
academic databases, namely Scopus, Web of Science, Google Scholar, Science Direct, 
PubMed, and Springer Nature. In conclusion, the study reveals alarming trends of 
deforestation in Pakistan, as evidenced by the intricate examination of the distinct cases of 
Islamabad and the Northern Himalayan region. These findings underscore the imperative for 
immediate attention and the formulation of sustainable forest management policies to 
counteract the identified impacts leading to environmental degradation.   

Keywords: Deforestation, Climate Change, Urbanization, NDVI, Remote Sensing.  

1. INTRODUCTION  

Forests cover one third of the global land area and they are among the most biologically rich 
and diverse ecosystems of our planet [1]. Forests are also an important source of livelihood 
for millions of people. The elements present in a forest e.g., microorganisms, soil, vegetation 
canopy interact to provide different ecosystems services and play a vital role in regulating the 
climate [2]. However, humans have not valued this blessing of nature and they have 
continuously exploited this resource and ultimately destroyed the forests to meet their needs. 
In 2015 world forests were spanning over an area of 3999 M ha which is equal to 31 % of 
global land area or a 0.6 hectare of forest land for every inhabitant of earth [3]. There has been 
a net decrease of 3% of the world’s forests from 1990 to 2015 reducing the global forest area 
from 4128 M ha to 3999 M ha [4]. The impacts of deforestation have caused irreversible 
damages to the world at large and Pakistan is one of the countries affected by this 
phenomenon. Pakistan is a developing country located in South Asia and it is the world’s fifth 
most populous nation with a population of about 241.5 million people as of 2023 [5].  
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Figure 1. Geographical Location of Pakistan 
 

Geographically Pakistan lies in the North- western region of the Indo-Pak subcontinent, is 
located between 24o and 37o North latitudinally and between 61o and 76o East longitudinally 
in the northern hemisphere indicated in Figure. 1 [6]. Pakistan has emerged as an independent 
country in 1947. The major forest reserves of the country consist of 1.96 million hectares of 
hill coniferous forests (43% of total forests), 1.72 million hectares of scrub or foothill forests 
(37.2 % of total forests), 0.234 million hectares of irrigated plantations, 0.297 million hectares 
of riverine forests, and 0.35 million hectares of mangroves in the Indus River delta [7]. In 
Pakistan the primary use of forest resources is to meet daily household energy needs, 
construction sector, furniture industry and as fuel in brick kilns. Due to huge consumption of 
forest wood and poor and unsustainable management, forests are depleting on an unbelievable 
rapid pace. Population increase and urbanization are among one of the biggest problems for 
Pakistan which have a significant role in deforestation. The amount of forest cover was 2.5 
million hectares, 2.1 million hectares, and 1.7 million hectares in 1990, 2000, and 2010, 
respectively [8]. 
 
On average Pakistan lost its 41,000 hectares of forest per annum from 1990 to 2000 which is 
equal to a deforestation rate of 1.63 percent per year [6]. According to a measure of total rate 
of “Habitat conversion” which is defined as the sum of change in forest and woodland area 
minus the net plantation expansion, as a whole Pakistan has lost 14.7% of its forest reserves 
between year 1990 and 2005 [10]. It is anticipated that Pakistan is on the verge of losing its 
forest cover within next 30 to 40 years if the deforestation keeps up at the current rate. So, it 
is very crucial for Pakistan to preserve its forest land being already a forest poor country and 
then struggling with worst deforestation problems. Additionally, the population living near to 
woods exploit them to meet their domestic needs and use them in an unsustainable way [9]. 
 
1.1. Causes of Deforestation in Pakistan 
Pakistan’s Economy is heavily dependent on agriculture and the increasing urbanization is 
pressurizing the need for more agricultural land which is consequently a major cause of 
deforestation. For that reason, Pakistan has the highest annual deforestation rate in Asia of 2.1 
% [11]. The Federal Bureau of Statistics reports that only within a span of 3 years from 2000 
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to 2005, the amount of forest land decreased by 3%. Between 2005 and 2010 the deforestation 
rate was 2.26% per annum with a total loss of 215,000 hectares of forests land. Until January 
2015, the highest deforestation rate is found to be 2.54% per annum at  an average annual 
deforestation of 42,800 hectares as summarized in Table 1 [26]. 
 

Table 1. Statistics of Forest Cover and Annual Deforestation rate of Pakistan  
  1995 -2000 2000 -2005 2005 -2010 2010 -2015  

Total Forest Area in the base Year (Ha) 2,321,000 2,116,000 1,902,000 1,687,000  

Annual Forest Loss (Ha) 41,100 42,800 43,000 42,800  

Annual Rate of Deforestation (%) 1.63 2.02 2.26 2.54  

 
 
In the last two decades Pakistan has lost 8.852% (1995 to 2005) and 22.55% (2005 to 2015) 
of its forest cover, which is 205,000 and 429,000 hectares, respectively. Urbanization, 
excessive grazing, farming practices, global warming, and the use of wood as a primary 
energy source in rural regions are among the various causes [12]. Forests are responsible for 
regulating the climate, weather patterns and serve as carbon sinks. Rapid and continuous 
deforestation has led to the worst disasters in previous decades. At present Deforestation 
induced climate change is also one of the greatest concerns as forests influence climate 
through exchanges of water, carbon dioxide, energy, and other chemical species with the 
atmosphere [13]. 
 
Removal of forest cover alters global and regional climate patterns and results in catastrophic 
rainfall spells followed by prolonged dry periods [14]. The exploitation of forest resources is 
frequently attributed to people who live in or near woods [15]. To meet their livelihood 
farmers encroaches on steep slopes and forests areas ultimately bringing marginal lands under 
cultivation [16]. This clearing of the forests by inhabitants in order to grow crops, 
urbanization, roads construction, illegal timber mafias, overgrazing by cattle and rural 
population reliance on wood for fuel and domestic purposes are the factors that contributed 
to the depletion to of forests in KPK province of Pakistan [17]. 
 
Apart from the above-mentioned issues, the inefficient and unsustainable forest management 
policies, which have prioritized financial interests over environmental benefits, is another 
principal cause of increased deforestation [18]. After independence, Pakistan released its first 
forest policy in 1955 through the Central Board of Forestry. Subsequently, the country 
released forest policies in 1962, 1975, 1980, 1988, 1991, 2005, and 2010, along with 
provincial plans [18]. Although these policy measures aimed at conserving the environment 
however they disregarded the local people whose means of subsistence depends on the forests. 
Also, the policies and practices pertaining to forest management were strongly biased towards 
generating revenue and failed to take the social and economic circumstances of the local 
communities into account [19]. As result these policies were never implemented effectively 
even for the environmental conservation aspect. 
 
Apart from human induced deforestation, the interplay of natural calamities such as wildfires 
and the frequent overgrazing that may stunt the growth of young trees. Arid climates, a high 
reliance on irrigation water, vulnerable watersheds and rangelands, and lengthy growth 
periods are among the natural elements affecting forests [20]. Deforestation also triggers soil 
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erosion. Because the tree roots anchor the soil and keep it from washing away providing a 
natural barrier to the flow of water and thus stabilization the ground [21]. Pakistan is 
acknowledged as the seventh most affected country by climate change, despite its ranking of 135th 
on the Global Greenhouse Gases (GHS) index [22]. Because of environmental degradation, 
Pakistan has faced severe natural disasters in the past. Destructive Floods were seen in 
2010 and 2011, and it is anticipated that these types of natural disasters would occur more 
frequently in the years to come. 

2. MATERIALS AND METHODS 

For selecting and extracting the relevant papers for the research work a systematic approach 
was adopted. Initially, I employed specific keywords such as deforestation, environmental 
degradation, 'loss of forests' and 'forests Statistics in Pakistan' to search six reputable academic 
databases, namely Scopus, Web of Science, Google Scholar, Science Direct, PubMed, and 
Springer Nature. , I applied a time filter, focusing on articles published within the last 25 years 
to ensure relevance and accuracy. The initial search yielded 30 papers from the above-
mentioned academic databases, mainly consisting of 16 peer reviewed research papers, 3 
governmental reports and 1 thesis. These papers were interesting because of the fact that they 
encompassed different deforestation related aspects apart from the causes and the impacts. 
Noteworthy contributions include [12] investigation into the linkages between deforestation, 
energy, and economic growth, as well as [22] evaluation of environmental degradation as a 
threat to human security. Additionally, reports such as the Living Planet Report by Worldwide 
Fund [11] and data from [27] offer valuable insights about forest dynamics and statistics 
globally and specially about Pakistan. Furthermore, the study by [9,17] delve into the specific 
challenges and failures in forest management in Pakistan. The inclusion of international 
studies, such as [1] and [4], enriches the review by providing a global overview of changes in 
forest dynamics and biomass. This selection of papers laid a solid foundation for a nuanced 
exploration of the multifaceted issues surrounding deforestation in Pakistan, integrating both 
regional and global perspectives, and providing a thorough insight of the drives beyond the 
alarming deforestation in Pakistan. Overall, the adopted methodology was a calculated mix 
of database searches, screening methods, and iterative improvement. 

 
2.1.Snowballing Technique 

In addition to the above-mentioned procedures, the Snowballing technique was utilized to 
uncover more relevant and useful sources. Through this technique, the reference lists of 
selected publications were reviewed and utilized. Iteratively, the search was broadened by 
looking through the citations and similar articles that selected papers recommended. After 
gathering all the required papers and information and thoroughly reviewing them, essential 
information was extracted such as deforestation statistics, methodologies employed by the 
authors to assess loss of forests, the results of their studies. I collected a total of 19 articles 
and 1 book through this technique. This data was then systematically arranged and combined 
to create a coherent study that addressed the relationship between deforestation, its causes and 
impacts in context of Pakistan. I used Mendeley Reference Manager, an open- source 
software, for managing, citing, and referencing published papers in the manuscript. The 
heading levels should not be more than 4 levels. The font of heading and subheadings should 
be 12-point normal Times New Roman. The first letter of headings and subheadings should 
be capitalized. 
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3. RESULTS AND DISCUSSION 

3.1.   Deforestation Assessment in Islamabad 
 
Islamabad is the capital city of Pakistan spanning over an area of 906 square kilometers, or 
90,650 hectares. It is located at 33.738045o N and 73.084488o E. [23] assessed the forest loss 
in Islamabad using GIS and Remote Sensing techniques. The study made use of 4 Landsat 
images from United States geological survey (USGS) for the years 1992, 2000, 2008 and 2017 
whereas the months of September as a study point was selected for all the four study years. 
These images were then classified into six IPCC1 land use classes. The conversion of one 
Land Use class into the other during all these respective study years was determined using 
Tabulation in ArcGIS. In this way forestland change was calculated. To evaluate the amount 
of vegetation cover, Landsat pictures were subjected to the Normalized Differential 
Vegetation Index (NDVI). NDVI has a range of values between +1 and -1. The values close 
to +1 indicates dense vegetation, while values near to -1 indicates poor vegetation. NDVI 
values of the images ranging between 0.72-0.92 are classified as very good, 0.42-0.72 as good 
while <0.1 as no vegetation of barren land as represented in table 2 [23].  

Table 2. NDVI values representing the vegetation characteristics of Islamabad. 
 S.No Vegetation (Physical Charcteristics) NDVI Values 
1. Very Good 0.72-0.92 
2. Good 0.42-0.72 
3. Normal 0.20-0.42 
4. Poor 0.10-0.20 
5. Very Poor -0.10-0.12 
6. No Vegetation     ≤ 0.1 
   

 
These results were then compared with standard NDVI values to calculate the amount of 
vegetation that has been lost in Islamabad over the course of 25 years, from 1992 to 2017. 
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Figure 2. Mapping the Research Journey: General Overview of Methodology 
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The study revealed that NDVI values for 1992 images falls in a range of 0.704225. This high 
value indicates the vegetation cover of Islamabad in 1992 was in “Very good” classification 
category representing the presence of dense vegetation within the study area (Fig). In the year 
2000. NDVI values for the year 2000 showed variation of 0.0485-0.2297 Based on this range of 
values, physical attributes of vegetation covers were designated as "good to normal”. However, 
the investigation showed that September 2008  
 NDVI values were in the negative range, i.e., 0.128 to 0.375 lying in poor to very poor" 
classification (Fig. 6). This validated that there was a reduction in the vegetative cover of 
Islamabad in 2008. However, the situation becomes extremely intensified when the values for last 
study period i.e. September 2017 were found to be -0.0198 identifying “No vegetation cover” in 
the certain areas of Islamabad as indicated in fig 7. In conclusion, the study verified that, for 25 
years, the vegetation intensity in the Islamabad had reduced. And urbanization being the primary 
cause of this extensive deforestation. Fig 3,4,5,6 represents the NDVI maps of Islamabad city for 
the year 1992, 2000, 2008 and 2017 respectively [23].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. NDVI Map of Islamabad (September 1992)      Figure 4. NDVI Map of Islamabad 
(September 2000) 

 
Figure 5. NDVI Map of Islamabad (September 2008            Figure 6. NDVI Map of Islamabad 
(September 2017) 
 
3.2.   Assessment of Deforestation in Western Himalayan Region of Pakistan 
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Forests of Western Himalaya stretching across KPK Province of Pakistan, federally administrated 
area of Gilgit Baltistan and the state of Azad Jammu and Kashmir accounts for 67% of the total 
forest cover of Pakistan. . Massive forest degradation started in this region during the early British 
Government's rule (1850s), when forest timber was utilized for infrastructure construction and 
commercial usage [24].  The changes in forest cover of western Himalayan region was analysed 
by [25] within a time series of 1990 to 2010. The study began with collection of Level 1 terrain 
corrected (L1T) temporal Landsat data from 1990, 2000, and 2010. The satellite data was acquired 
for the month of august to October to minimize cloud and snow cover. These temporal records 
make it possible to observe changes across time, which is essential for monitoring trends of 
deforestation. This data was then processed to account for the errors related to geometric 
inaccuracies and reducing the influence of atmospheric phenomena. The specific corrections 
applied were top of atmosphere reflectance conversion, BRDF normalization and cloud masking. 
The image classification process involves training a computer algorithm to recognize different 
land cover types based on spectral signatures. This process is guided by 14 predefined land cover 
classes and uses training data collected from ground observations and high-resolution imagery. 
The resulting classified map provides a detailed representation of the distribution of land cover 
types, allowing for the analysis of changes over time, specifically focusing on deforestation and 
forest degradation in the Western Himalayas as indicated in figure 7 [25].  
 

Figure 7. Landcover Classes Distribution and Deforestation 
 
The land cover was mainly divided into 14 classes which included eight non-forest cover classes 
(such as grassland/shrubs, alpine grassland, agriculture, bare soil/rocks, snow/glaciers/ice, and 
water bodies) and six forest cover classes (dense coniferous forest, sparse coniferous forest, dense 
mixed forest, sparse mixed forest, and sparse broadleaved forest). Deforestation was defined as 
the change from dense to sparse forest, and degradation as the change from dense to non -forest. 
The definition of deforestation used by the FAO does not discriminate between forest loss 
resulting from natural processes and that caused by human activity. To quantify changes of the 
forest cover spatial analysis tool of ArcGIS was used. 
Based on the analysis of land cover photos taken in 2010, the study area's forest cover amounts to 
about 12% (2,152,173 ha). Of the entire amount of forest cover, 57% is made up of coniferous 
forest, 14% is made up of broadleaf forest, and 29% is made up of mix forest in the transition 
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zone. The study revealed changes in forest for 137 sub-districts of Pakistan across two time 
periods: 1990–2000 and 2000–2010. It was found out that Between 1990 and 2000, there was a 
total forest loss of 74,613 hectares, while between 2000 and 2010 there was a bigger total forest 
loss of 95,598 hectares due to deforestation. The deforestation hotspots have been identified figure 
8 [25], based on the area of forest cover and the corresponding deforestation rates in each sub- 
district. 

 

           Figure 8.  Map identifying hotspots of Deforestation across the study area 

 

3. CONCLUSION 

This study attempted to summarize intricate issue of deforestation in Pakistan, shedding light 
on the alarming trends through the examination of two distinct case studies. The first case 
delves into the deforestation scenario in the capital city, Islamabad, while the second case 
focused on the Northern Himalayan region of Pakistan. The results of the study reveal that, 
since 1992, Islamabad has continuously seen a loss of vegetative cover, especially in the 
urbanized areas. It has been found that Islamabad had a 22% decrease in vegetative cover 
between 1992 and 2000. Another period of ongoing decline in said cover, extending up to 
27% between 2000 and 2008, follows this trend. Even more concerning, the data showed a 
51% decrease in the vegetative cover between 2008 and 2017. 
The forests in the Northern Himalayan region accounts for about 67% of the total forest cover 
of Pakistan. The Northern Region constitutes Khyber Pakhtunkhwa province, the 
administrative unit of Gilgit Baltistan and the state of Azad Jammu & Kashmir spanning over 
a total area of 18,260,000 ha, which is about 23% of the total area of Pakistan. The 
deforestation studies in this region revealed that a total forest loss of 74,613 has occurred 
during 1990-2000 and a 95,598 ha of forest area was destroyed during 2000-2010. So, within 
a period of 20 years 170,684 ha of forest has been lost which amounts to be 0.38% cut per 
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year. The study also identified the hotspots of deforestation. In terms of forest types, it was 
found that dry temperate forests in the area of Malakand and subtropical forest in Waziristan 
area are under severe threat. 
In addition, the study also unveiled the causes of deforestation identifying the key factors that 
contribute to this silent disaster. Urbanization, excessive grazing, farming practices, global 
warming, and the use of wood as a primary energy source, human practices and poor forest 
management policies are identified as the main reasons behind the massive forest loss in these 
regions of Pakistan. 
 
REFERENCES 
 
[1]  Köhl, M., Lasco, R., Cifuentes, M., Jonsson, Ö., Korhonen, K. T., Mundhenk, P., de Jesus 
Navar, J., & Stinson, G. (2015). Changes in forest production, biomass and carbon: Results 
from the 2015 UN 
 
[2]  Krieger, D. J. (n.d.). Economic Value of Forest Ecosystem Services: A Review THE 
WILDERNESS SOCIETY THE ECONOMIC VALUE OF FOREST ECOSYSTEM 
SERVICES: A REVIEW. 

[3]  FAO Global Forest Resource Assessment. Forest Ecology and Management, 352, 21–34. 
https://doi.org/10.1016/j.foreco.2015.05.036 
 
[4]  Keenan, R. J., Reams, G. A., Achard, F., de Freitas,J. V., Grainger, A., & Lindquist, E. 
(2015). Dynamics of global forest area: Results from the FAO Global Forest Resources 
Assessment 2015. In Forest Ecology and Management (Vol. 352, pp. 9–20). Elsevier B.V. 
https://doi.org/10.1016/j.foreco.2015.06.014 

[5]  Pakistan Bureau of Statistics (www.pbs.gov.pk). (Pakistan Bureau of Statistics,2023) 5 
August 2023. Retrieved 15 August 2023. 

[6]  Tahir, S. N. A., Rafique, M., & Alaamer, A. S. (2010). Biomass fuel burning and its 
implications: Deforestation and greenhouse gases emissions in Pakistan. Environmental 
Pollution, 158(7), 2490– 2495. https://doi.org/10.1016/j.envpol.2010.03.017 
 
[7]  Qazi, I.A., 1994. Pakistan: country and forests. In: Ashraf M.M. and Ahmad, I. (eds.) 
Handbook of Forestry. p. 253.Pakistan Agric. Research Council, Islamabad. Pakistan.  

[8]  Løyche, M., & Senior, W. (2010). Forestry Department Food and Agriculture 
Organization of the United Nations GLOBAL FOREST RESOURCES ASSESSMENT 2010 
COUNTRY REPORT PAKISTAN 2 The Forest Resources Assessment Programme. 
www.fao.org/forestry/fra 

[9]   Hasan, L. (2007). An Anatomy of State Failures in Forest Management in Pakistan (Vol. 
46, Issue 

[10] Pakistan deforestation Rates and related forestry figures (PDRRFF), 2000. Available at. 
http://rainforests.mongabay.com/deforestation/20 00/Pakistan.htm (PDRRFF,2000) 
(accessed on 3.7.2009).  

[11]  Worldwide Fund (WWF). ‘Living Planet 
Report(2010).http://www.footprintnetwork.org/pr ess LPR2010.pdf.  



 

417 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

[12]  Ahmed, K., Shahbaz, M., Qasim, A., & Long, W. (2015). The linkages between 
deforestation, energy and growth for environmental degradation in Pakistan. Ecological 
Indicators, 49, 95–103. https://doi.org/10.1016/j.ecolind.2014.09.040 

[13]  Schuldenrein, J., Wright, R. P., Mughal, M. R., & Khan, M. A. (2004). Landscapes, 
soils, and mound histories of the Upper Indus Valley, Pakistan: New insights on the Holocene 
environments near ancient Harappa. Journal of Archaeological Science, 31(6) , 777–797. 
https://doi.org/10.1016/j.jas.2003.10.015Announcement of Results of 7th Population and 
Housing Census-2023 'The Digital Census'" (PDF). 

[14]  Strasser, U., Vilsmaier, U., Prettenhaler, F., Marke, T., Steiger, R., Damm, A., Hanzer, 
F., Wilcke, R.A. I., & Stötter, J. (2014). Coupled component modelling for inter- and 
transdisciplinary climate change impact research: Dimensions of integration and examples of 
interface design. Environmental Modelling and Software, 60, 180–187. 
https://doi.org/10.1016/j.envsoft.2014.06.014. 

[15]  Steimann, B. (2007). Livelihood Strategies in North-West Pakistan Results from the 
Sustainable Livelihoods Survey 2004, North-West Frontier Province (Pakistan). 
http://www.north- south.unibe.ch 

[16]  Hussain, S.S., 2003. Mountain ecosystems: emerging challenges and opportunities for 
agriculture in Northern Pakistan. In: Mufti, S.A., S.S. Hussain and A.M. Khan (eds.). 
Mountains of Pakistan: Protection, Potential and Prospects. pp. 180–91. Global Change 
Impact Studies Centre, Jinnah Avenue, Islamabad, Pakistan.  

[17]  Mahmood, I., 2003. Deforestation in NWFP. National Institute for Public 
Administration, Karachi (Pakistan). The J., 8: 75–101 (Mahmood et al 2003) 

[18]  Shahbaz, B., Ali, T., & Suleri, A. Q. (2007). A critical analysis of forest policies of 
Pakistan: Implications for sustainable livelihoods. Mitigation and Adaptation Strategies for 
Global Change, 12(4), 441–453. https://doi.org/10.1007/s11027-006-9050-9 

[19]  Khan, A. R., and O. R. G. Asian Prod (1990). Pakistan - forestry resources management 
in apo member countries (khan et al,1990).  

[20]  Yu, L., Zhang, S., Tang, J., Liu, T., Bu, K., Yan, F., Yang, C., & Yang, J. (2015). The 
effect of deforestation on the regional temperature in Northeastern China. Theoretical and 
Applied Climatology, 120(3–4), 761–771. https://doi.org/10.1007/s00704-014-1186-z 
 
[21]  Treydte, K. S., Schleser, G. H., Helle, G., Frank, D. C., Winiger, M., Haug, G. H., & 
Esper, J. (2006). The twentieth century was the wettest period in northern Pakistan over the 
past millennium. Nature, 440(7088), 1179–1182. https://doi.org/10.1038/nature04743 
 
[22]  Aslam, B., Gul, S., & Asghar, M. F. (2021). Evaluation of environmental degradation 
as an unprecedented threat to human security in Pakistan. Liberal Arts and Social Sciences 
International Journal (LASSIJ), 5(1), 197–211. https://doi.org/10.47264/idea.lassij/5.1.14  

[23]  Waseem, S., & Khayyam, U. (2019). Loss of vegetative cover and increased land surface 
temperature: A case study of Islamabad, Journal of Cleaner Production , 234, 972-983. 



 

418 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

[24]  Tucker, R. P. (1987). Dimensions of Deforestation in the Himalaya: The Historical 
Setting. In Source: Mountain Research and Development (Vol. 7, Issue 3). 

[25]  Qamer, F. M., Shehzad, K., Abbas, S., Murthy, , M.S. R., Xi, C., Gilani, H., & 
Bajracharya, B. (2016). Mapping deforestation and forest degradation patterns in Western 
Himalaya, Pakistan. Remote Sensing, 8(5). https:/doi.org/10.3390/rs8050385. 

[26]  Faiza, N., Weiguo, J., Aijun, Y., & Wenxing, S. (n.d.). Giant deforestation leads to 
drastic eco- environmental devastating effects since 2000; a case study of pakistan. In The J. 
Anim. Plant Sci (Vol. 27, Issue 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

419 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

Integrated Network of Collection and Transportation of Construction and 
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Over the last three decades, urban development within the Republic of Albania has led to an 
increase in the volume of solid waste produced by the construction sector due to its operational 
activities. Legal requirements aimed at protecting the environment as a whole have 
established obligations to ensure proper waste management. To facilitate the integrated 
management of solid waste from construction and demolition generated by this sector, it is 
mandatory for waste collection and transportation from the source to disposal/recovery 
facilities to be conducted by licensed operators. These operators must be registered through 
the National Business Center and hold a subcategory III.2.B license titled "Other professional 
activities related to environmental impact. “Waste classification is done based on the Albanian 
and European waste catalogs, identifying the construction sector's waste under code 17, which 
pertains to construction and demolition waste. This classification is further detailed with a 
six-digit code to precisely identify the type of waste. According to records from the national 
register of licenses, authorizations, and permits managed by the QKB from 2012 to 2023, 500 
operators have been licensed to collect and transport various types of waste. The majority of 
these operators are located in the Tirana district, followed by the Durrës district. Out of the 
total number of operators licensed under III.2.B, 202 are involved in collecting and 
transporting waste associated with at least one of the codes from the construction sector. This 
has enabled the development of an integrated network for the collection and transportation of 
waste from construction and demolition. 

Keywords: Waste from construction and demolition, waste code, construction sector, license 
III.2.B, collection, transportation. 

 
1. INTRODUCTION 

Economic operators who, as a result of their operational activities in the construction sector, 
are the main generators of solid waste from construction and demolition, are obligated by 
current environmental protection legislation, environmental impact assessment and integrated 
waste management requirements to collect and transport the generated waste with a 
subcategory III.2.B license towards disposal/recovery facilities. 
According to data published by INSTAT, from 2017 to 2023, a total of 8,436 construction 
permits were approved throughout the territory of the Republic of Albania, with a total area 
of 12,936,272 square meters. 
Furthermore, according to data from the National Registry of Authorizations, Licenses, and 
Permits issued through the NBC, it appears that from 2012 to 2023, a total of 500 operators 
have been licensed with a subcategory III.2.B license, out of which 202 of them conduct 
collection and transportation operations in the field of waste from construction and 
demolition. 
 
The Albanian Waste Catalog, approved by Decision of the Council of Ministers no. 402, dated 
30.6.2021, allows for the classification of waste according to type, specified with a 6-digit 
code, while the economic sectors and respective subcategories generating these wastes are 
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designated with 2-digit and 4-digit codes, respectively. Waste from construction and 
demolition generated by the construction sector falls under code 17, which is further divided 
into subcategories to identify the exact type of waste. 
The aim of this study is to contribute to the development of strategies, national and local waste 
management plans in the Republic of Albania, by establishing clear objectives for the 
integrated management of construction and demolition waste through the construction of an 
integrated collection and transportation network. This will be achieved by identifying specific 
waste streams from the construction sector at both national and county levels for the period 
2012-2023. 
 
The objectives of this study are: 

❖ To analyze the trends in the construction sector at national and county levels. 
❖ To analyze the licensing trends of economic operators conducting collection and 

transportation operations of construction and demolition waste at national and county 
levels. 

❖ To analyze and identify the types of waste for each respective subdivision of the 
construction sector at national and county levels. 

 
The methodology used and the results obtained from this study in the field of environmental 
research and management are based on both qualitative and quantitative analysis methods. 
In line with its title, aim, and objectives, this study focuses on 5 (five) main issues treated as 
research questions, as follows: 

1. What is the number of construction permits and the total area of approved construction 
space at national and county levels for the period 2017-2023? 

2. What is the number of operators licensed with a III.2.B license for the collection and 
transportation of various types of waste at national and county levels for the period 
2012-2023? 

3. What is the number of operators licensed with a III.2.B license for the collection and 
transportation of construction and demolition waste at national and county levels for 
the period 2012-2023? 

4. How is the licensing trend of operators for "collection and transportation of 
construction and demolition waste" progressing by county and year? 

5. What is the number of operators licensed for the 6-digit waste codes belonging to the 
economic sector of construction and demolition, and how are these operators 
distributed at the county level? 

 
 
2. MATERIALS AND METHODS 

The methodology used for the preparation of this study and the achieved results are based on 
contemporary methods, namely qualitative and quantitative analysis. 
 
The qualitative method employed allows for the collected and processed information to be 
systematically reflected in the material and ordered according to the importance of 
application, providing readers with accurate, coherent, accessible, and easily understandable 
information with well-defined references. Meanwhile, the quantitative method enables us to 
process data and present them in statistical form. 
To achieve the study objectives, several steps have been followed, as outlined below: 
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2.1  Data collection 

For data collection, initially, the scope of activity was determined, and the waste-generating 
sector was identified, focusing on the construction sector for the purposes of this study. 
Firstly, data were gathered from INSTAT[xvii] regarding the number of construction permits 
and approved areas in square meters for residential and non-residential buildings at both 
national and county levels from 2017 to 2023. Subsequently, information from the National 
Registry of Licenses, Authorizations, and Permits issued through the NBC was collected 
regarding subcategory III.2.B licenses titled "Other professional activities related to 
environmental impact". All collected information was compiled and processed in Excel, 
including data such as: 1- Serial number; 2- Subject name; 3- NUIS (National Unique 
Identification Number); 4- Codes for non-hazardous waste; 5- Codes for hazardous waste; 6- 
Subject activity; 7- Location of activity; 8- County; and 9- Year of license approval. For each 
code of waste from construction and demolition, the number of licensed operators at both 
national and county levels was identified. 
 
2.2  Data analysis 

For data processing and analysis, a model was constructed in Excel where all collected 
information was entered. Data processing involved verifying each economic operator holding 
a III.2.B subcategory license through the official QKB website, conducting advanced searches 
in the national registry of licenses, authorizations, and permits issued through the NBC using 
the serial number (month/year). Then, relevant data for each operator were entered into the 
Excel database, including: 1- Serial number; 2- Subject name; 3- NUIS; 4- Codes for non-
hazardous waste; 5- Codes for hazardous waste; 6- Subject activity; 7- Location of activity; 
8- County; and 9- Year of license approval. Data analysis for the period 2012-2023 was 
conducted using filtering options provided by Excel, focusing on waste code, county, and 
year. From the data processing for the period 2012-2023, identification and division of each 
6-digit waste code belonging to the economic sector of construction and demolition were 
carried out, as presented in the table below. 
 

Table 1. The classification of the types of waste generated by the construction and demolition 
sector, according to the waste catalogue approved by Decision of the Council of Ministers no. 402, 

dated June 30, 2021. 

Code Label 
17 01 01 Concrete 
17 01 02 Bricks 
17 01 03 Tiles and Ceramics 
17 01 06* Mixtures or separate fractions of concrete, bricks, tiles and ceramics containing hazardous 

substances 
17 01 07 Concrete, brick, tile and ceramic mixtures, other than those mentioned in 17 01 06  
17 02 01 Wood 
17 02 02 Glassware 
17 02 03 Plastic 
17 02 04* Wood, glass and plastic containing hazardous substances 
17 03 01* Bituminous mixtures containing coal tar 
17 03 02 Bituminous mixtures, other than those mentioned in 17 03 01  
17 03 03* Coal pitch and tar 
17 04 01 Copper, bronze, brass 
17 04 02 Aluminum 
17 04 03 Lead 
17 04 04 Zink 
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17 04 05 Iron and Steel 
17 04 06 Tin 
17 04 07 Mixed Metals 
17 04 09* Metal waste contaminated with hazardous substances 
17 04 10* Cables containing petroleum, bitumen or other hazardous substances 
17 04 11 Cables other than those mentioned in 17 04 10 
17 05 03* Soils and stones containing dangerous substances 
17 05 04 Soils and stone, other than those mentioned in 17 05 03 
17 05 05* Clay containing hazardous substances 
17 05 06 Clay, other than those mentioned in 17 05 05 
17 05 07* Gravel containing hazardous substances 
17 05 08 Gravel, other than those mentioned in 17 05 07 
17 06 01* Insulation material containing asbestos 
17 06 03* Insulation material consisting of or containing hazardous substances 
17 06 04 Insulation materials other than those mentioned in 17 06 01 and 17 06 03  
17 06 05* Building materials containing asbestos 
17 08 01* Gypsum building materials that are contaminated with hazardous substances 
17 08 02 Gypsum building materials, other than those mentioned in 17 08 01  
17 09 01* Construction and demolition waste containing mercury 
17 09 02* Construction and demolition waste containing mercury 
17 09 03* Construction and demolition waste, including mixed waste containing hazardous substances 
17 09 04 Mixed construction and demolition waste, other than those mentioned in 17 09 01, 17 09 02 

and 17 09 03 
 
3. RESULTS AND DISCUSSION 

In the following figure (Fig.1), the number of approved construction permits at the national 
and county levels for the period 2017 – 2023 is presented. In total, for the analyzed period at 
the national level, 8436 construction permits have been approved for both residential and non-
residential buildings. At the county level, the highest number of approved construction 
permits is held by Tirana County with 2464 construction permits, followed by Durrës  County 
with 1839 construction permits, while the lowest number is held by Kukës County with 109 
construction permits. 
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Figure 1. The numer of contruction permits 
approved in the territory of Albania (year 2017-

2023) 

Figure 2. The area of construction space in m2 
approved in the territory of Albania (year 2017 

– 2023) 
From the analysis and processing of the data presented in the following figure (Fig. 2) for the 
period 2017 – 2023, the total area of approved construction space (m2) at the national and 
county levels is shown. In total, the area of approved construction space (m2) at the national 
level is 12,936,272 m2. Tirana County leads with 8,916,946 m2 of approved construction area, 
followed by Durrës County with 1,549,694 m2 of approved construction area, while the lowest 
number is held by Dibër County with 45,239 m2 of approved construction area. 
 
The data from figures 1 and 2, through the indicators of the number of approved construction 
permits and the area of approved construction space, help us identify that the highest volume 
of solid waste generated by the construction sector for the period 2017-2023 is concentrated 
in Tirana and Durrës counties. 
 
The data from the following figure (Fig.3) for the period 2012-2023 show us that at the 
national level, we have 500 licensed operators with a subcategory III.2.B license in the field 
of collection and transportation of various types of waste. At the county level, Tirana county 
has the highest number of operators with a III.2.B license, with 193 operators, followed by 
Durrës county with 87 operators and Elbasan county with 45 operators, while Kukës county 
has the smallest number with 1 operator licensed with a III.2.B license. 

 
Figure 3. The total number of operators licensed with III.2.B “Collection and transportation of 

waste” in the territory of Albania (year 2012 – 2023) 
  
In the following figure (Fig.4) for the period 2012 - 2023, the data analyzed at the national 
level shows that we have 202 licensed operators with a subcategory III.2.B license in the field 
of collection and transportation of waste from construction and demolition. The district with 
the highest number of III.2.B licensed operators for construction and demolition waste is 
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Tirana district with 98 operators, followed by Durrës district with 36 operators, while the 
lowest number is held by Kukës district with 0 operators licensed under III.2.B. 
 

 
Figure 4. The total number of operator licensed with III.2.B “Collection and transportation of 

construction and demolition waste” in the territory of Albania (year 2012 – 2023) 

 
Figure 5. Licensed operators (III.2.B) for “collection and transportation of construction and 

demolition waste” by county and by year 
 
In the above graph (Fig.5), the number of operators equipped with a III.2.B license for the 
collection and transportation of waste from construction and demolition is provided, divided 
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by district and by year. The analyzed data show that in 2019 we have the highest number of 
licenses, with Tirana, Durrës, and Fier districts leading. The processed data also include 
changes made to the III.2.B subcategory licenses, but the reference year is taken as the year 
when the license was first issued through the National Licensing Center. For the years 2012 
and 2013, the processed data show a low number of operators collecting and transporting 
waste from construction and demolition, due to the fact that the III.2.B licenses did not have 
an approved 6-digit code, which identifies the economic sector of waste. 
 
While analyzing the data from the graph below (Fig.6), it is found that the highest number of 
operators licensed with a III.2.B license is for code 17 05 04 (concrete, bricks, tiles, and 
ceramics) with 144 operators, followed by code 17 09 04 (mixed construction and demolition 
wastes) with 118 operators. Out of 38 waste codes generated by the construction and 
demolition sector, we have licensed operators for 37 waste codes, meaning that we do not 
have licensed operators only for waste code 17 09 02* (construction and demolition wastes 
containing PCBs). 

 
Figure 6. Licensed operators (III.2.B) according to codes of waste from constructions and 

demolitions 
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Figure 7. Waste codes from constructions and demolitions at the county level 

 
In the above graph (Fig. 8), the data shows that the highest number of licensed operators with 
a greater number of waste codes from construction and demolition is held by Tirana district, 
followed by Durrës district. Meanwhile, the district that does not have any licensed operators 
for any of the waste codes from construction and demolition is Kukës district. 
 
4. CONCLUSIONS 
From this study on the "Integrated Network for Collection and Transportation of Construction 
and Demolition Waste" in the field of research on environmental quality and management, 
we conclude that: 

➢ At the national level for the period 2017 - 2023, the highest number of approved 
construction permits and construction area surfaces is held by Tirana district with 2464 
construction permits and 8,916,946 m2 of approved construction area, followed by 
Durrës district with 1839 construction permits and 1,549,694 m2 of approved 
construction area. 

➢ The increase in the number of construction permits and construction area surfaces has 
led to an increase in the volume of waste generated by the construction sector. 

➢ The high number of approved construction permits and construction area surfaces has 
resulted in a concentration of the highest number of licensed operators with 
subcategory III.2.B licenses for "collection and transportation of waste from 
construction and demolition" in Tirana and Durrës districts. 

➢ At the national level for the period 2012 - 2023, construction and demolition waste 
occupy the highest number of licensed operators for economic sectors, where out of 
500 operators in total for all economic sectors (20 economic sectors), 202 operators 
are licensed for the economic sector in the field of construction and demolition, 
identified with code 17. 

➢ The highest number of licensed operators at the national level for the collection and 
transportation of waste from construction and demolition is in the year 2019. 
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➢ Construction and demolition waste with codes 17 05 04 (concrete, bricks, tiles, and 
ceramics) and 17 09 04 (mixed construction and demolition wastes) have the highest 
number of licensed operators for their collection and transportation at the national 
level. 

➢ At the national level for the period 2012 - 2023, almost for all waste codes belonging 
to the construction and demolition sector, Tirana district holds the highest number, 
followed by Durrës and Elbasan districts. Meanwhile, Kukës district does not have 
any licensed operators for any of the waste codes from the construction and demolition 
sector. 

➢ Policies, strategies, national and local waste management plans that will be adopted, 
reviewed, or modified in the future for integrated waste management should be based 
on this study to assess the possibility of establishing a network of facilities for 
recovery/recycling and/or treatment of each waste stream from construction and 
demolition. 

➢ Economic operators operating in the construction sector who apply or seek to apply 
circular economy concepts during their activities should rely on this study to identify 
and collaborate with licensed economic operators for waste codes in the field of 
construction and demolition. 

➢ Central and local institutions should promote policies for the protection of natural 
resources, mainly minerals (exploitation of quarries and mines), by taking concrete 
measures for the reuse of waste from demolition/construction as primary materials for 
infrastructural products (construction material) or the reuse of ferrous and non-ferrous 
metal waste as primary materials for the metal production and processing industry. 
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Formaldehyde as an Indoor Pollutant: Origins, Impacts, and Remedial 
Strategies. A case study of Kosovo  

Eda Krasniqi 

Department of Environmental Engineering, Faculty of Civil Engineering, University of Prishtina “Hasan 
Prishtina”, Prishtina, Kosovo 

This papert delves into the issue of formaldehyde as an indoor pollutant shedding light on its 
origins, impacts, and potential solutions. Kosovo specifically faces challenges in maintaining 
indoor air quality due to industrial activities, household practices, and vehicular emissions. 
The combustion of fossil fuels, suboptimal waste management, and the prevalent use of solid 
fuels for heating contribute significantly to elevated levels of formaldehyde, exacerbating 
health risks. The ramifications of indoor formaldehyde pollution extend beyond 
environmental concerns, profoundly affecting public health, agriculture, and societal well -
being. Prolonged exposure to formaldehyde-laden air poses significant threats to respiratory 
and cardiovascular health, particularly impacting vulnerable populations. Furthermore, the 
repercussions extend to ecosystems, agricultural yields, and the broader issue of climate 
change, necessitating a comprehensive approach for effective resolution. This paper studies 
the importance of strict indoor air quality monitoring, and preventive and mitigation measures 
involving institutions, industries, and local communities. Through the drafting and 
implementation of strategies aimed at formaldehyde emission reduction, advocacy for 
sustainable practices, and awareness raising on usage, presence and effects of Formaldehyde, 
Kosovo can ensure that attention is paid to indoor air quality and the creation of a healthier 
living environment for its populace. 

Keywords: Air Pollution, Kosovo, Formaldehyde, Impacts, Awareness Raising, Public 
Health 

1. INTRODUCTION 
 

Formaldehyde is a colorless, and highly toxic gas, flammable at room temperature and a 
strong-smelling chemical that is commonly used in research and medical laboratories as an 
aquatic solution, in addition to being used in building materials. Formaldehyde is a known 
human carcinogen linked to nose cancer and lung cancer[1], [2], [3], [4]. Formaldehyde is a 
known gaseous indoor air polluter. In recent years, organizations have developed multiple 
concepts for assessing indoor air quality, and therefore the concentrations of formaldehyde in 
the indoor environment have decreased. In the air outside many metropolitan areas, 
formaldehyde concentrations are steadily increasing and sometimes exceeding the limits.  
Formaldehyde has been discussed as a typical indoor polluter for decades. Legal requirements 
and ever-lower allowed limits for formaldehyde in the indoor air have led to a steady reduction 
in the amount of formaldehyde delivered from furniture, the materials of construction and 
household products over many years[1], [5], [6], [7], [8], [9]. Today, the concentrations of 
formaldehyde in the air outdoors, especially in polluted urban areas, sometimes reach indoor 
levels. It is mainly the result of photochemical processes and the use of biofuels  [10]. The 
main sources of indoor formaldehyde are wood-printed products, insulation materials, paints, 
lacquers, household cleaning products and cigarettes, among others[8]. Although this 
chemical is a known indoor pollutant, data on formaldehyde concentrations in the indoor 
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environment are still scarce in some places. The results of many studies confirm that the 
indoor level of formaldehyde is a worrying health issue, which should be considered by 
policymakers and regulatory bodies [3], [4]. 

 
2. MATERIALS AND METHODS 

The Materials and Methods section involved a comprehensive literature review and analytical 
investigation on Formaldehyde as an indoor air pollutant with a focus on understanding the 
current state of formaldehyde pollution and general indoor air quality in Kosovo. A systematic 
search was conducted across various academic databases, including Google Scholar, PubMed, 
and Web of Science, as well as national reports from the Kosovo Environment Protection 
Agency and other relevant institutions. Relevant articles, reports, and official documents, 
including any existing historical data, were identified, and thoroughly examined to gather 
insights into the key trends, challenges, and opportunities pertaining to the topic within the 
context of Kosovo. Additionally, data analysis techniques such as content analysis and 
thematic coding were employed to categorize and synthesize the information extracted from 
the literature, enabling a structured assessment of the existing knowledge landscape, and 
facilitating the identification of gaps and areas warranting further investigation. 

3. RESULTS 
3.1.     Impact of formaldehyde on the environment, human and animal health  

Formaldehyde is a carcinogenic substance for humans. The health effects of formaldehyde 
exposure can range from mild irritation of the eyes, nose, and throat to more severe respiratory 
issues and allergic reactions, especially in sensitive individuals. Prolonged or high-level 
exposure to formaldehyde has been associated with increased risks of respiratory diseases and 
certain cancers. Formaldehyde also damages the nervous system, and causes asthma [2], [3]. 
Formaldehyde usually breaks down quickly to create formic acid and carbon monoxide, which 
can also be harmful substances. When animals are exposed to formaldehyde, they can make 
them sick, affect their ability to breed and to reduce their life expectancy [3], [5]. 

Formaldehyde is a colorless, and highly toxic gas, flammable at room temperature. Acute 
exposure to it is very irritating to the respiratory system and can cause headaches and irritation 
of the eyes and throat at very high concentrations[5].  

3.2.     Formaldehyde as an indoor pollutant in Kosovo  

In Kosovo, like in many other regions, formaldehyde exposure indoors is a concern due to its 
potential health effects. Common sources of formaldehyde indoors in Kosovo include:  

• Building Materials: Many building materials, such as plywood, particleboard, and 
some insulation materials, contain formaldehyde-based resins. These materials can 
emit formaldehyde into indoor air, especially when they are newly installed or during 
renovation activities. 

• Furniture and Furnishings: Some furniture items, including pressed-wood products 
like cabinets, shelving, and desks, may also emit formaldehyde. Additionally, certain 
textiles, carpets, and upholstery treatments can release formaldehyde over time. 
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• Consumer Products: Various household products such as cleaning agents, air 
fresheners, and personal care items may contain formaldehyde or formaldehyde-
releasing compounds. These products can contribute to indoor formaldehyde levels, 
particularly in poorly ventilated spaces. 

• Tobacco Smoke: Smoking tobacco indoors is a significant source of formaldehyde 
and other harmful chemicals. In households where smoking occurs, indoor 
formaldehyde concentrations can be elevated, posing health risks to occupants. 

At present, Kosovo still legaly allows the importing of Formaldehyde for the needs of the 
Kosovo Energy Company (mainly heating and energy production) [11], and Formaldehyde is 
regularly a recognised hazardous waste in Kosovo [12]. Due to its history and decades of 
unregulated expolitation of resources and industry, Kosovo is facing significant 
environmental challenges, made worse by increased traffic in the later years. The outdoor air 
quality, sanitation and the state of buildings severely impacts the quality of indoor air. Older 
and dilapidated buildings especially, of which Kosovo has many, are riskier. According to 
research conducted in 2023 in Kosovo schools, Formaldehyde concentrations of 5.4 – 21.0 
μg/m3 were found in the classrooms and halls, and 1.9 to 6.8 μg/m3 concentrations were 
detected in the schoolyards [13]. 

3.3. Prevention and Mitigation Measures  

Mitigation and prevention strategies for formaldehyde exposure in Kosovo can be 
implemented at various levels, including policy, building codes, public awareness campaigns, 
and individual actions. Individual actions could include buying building materials and 
furniture that have little, or no formaldehyde added and/or being careful in the use of products 
and sources of heat (including cooking) that can release formaldehyde.  Beware of personal 
care products, including cosmetics, soap, shampoo, and body washers, especially aerosols that 
can release formaldehyde into the air. Check product labels for these compounds that can 
release formaldehyde[1], [5], [8]: 

• Hydantoin DMDM 
• Imidazolidine urea 
• Diazolidine urea 
• Quaternium-15 
• Bronopole (2-bromo-2-nitropropane-1,3-diol) 
• 5-Bromo-5-nitro-1,3-dioxane 
• Hydroxymimethyl glycine 

To mitigate formaldehyde exposure indoors in Kosovo but also worldwide, several strategies 
can be implemented: 

• Ventilation: Proper ventilation, such as using exhaust fans and opening windows, 
helps to dilute indoor air pollutants, including formaldehyde. Increasing ventilation 
rates, especially during activities that can release formaldehyde (e.g., painting, 
renovation), is crucial. 

• Air Purification: Using air purifiers equipped with activated carbon or HEPA filters 
can help remove formaldehyde and other VOCs from indoor air, improving overall air 
quality. 
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• Smoking Policies: Implementing strict no-smoking policies indoors can significantly 
reduce formaldehyde concentrations, as tobacco smoke is a major contributor to 
indoor pollution. 

At the policy and regulatory level, there are several strategies that can be implemented to 
ensure mitigation or prevention of formaldehyde pollution, such as: 

• Emission Standards: Enforce stringent emission standards for building materials, 
furniture, and consumer products to limit formaldehyde content. Implement 
regulations that require manufacturers to label products with formaldehyde 
emissions levels. 

• Building Codes: Include provisions in building codes that promote the use of low-
emission or formaldehyde-free materials in construction and renovation projects. 
Encourage the adoption of green building practices that prioritize indoor air 
quality. 

• Import Controls: Monitor and regulate the importation of products containing 
formaldehyde to ensure compliance with national emission standards. Conduct 
regular inspections and testing of imported goods. 

• Health Campaigns: Launch public health campaigns to raise awareness about the 
health risks associated with formaldehyde exposure and the importance of indoor 
air quality. Provide information on sources of formaldehyde and practical tips for 
reducing exposure. 

• Occupant Training: Educate building occupants, homeowners, and tenants about 
indoor air quality management strategies, including proper ventilation practices, 
use of air purifiers, and selection of low-emission products. 

• School Programs: Incorporate indoor air quality education into school curricula to 
educate students about the impacts of indoor pollutants like formaldehyde and 
promote healthy habits both at home and in educational facilities. 

• Smoking Policies: Implement and enforce no-smoking policies indoors to 
eliminate tobacco smoke, a significant source of formaldehyde and other harmful 
chemicals. 

By implementing these multi-faceted strategies at the policy, awareness, building design, and 
individual levels, Kosovo can effectively mitigate formaldehyde exposure indoors and create 
healthier living and working environments for its residents. 

4. CONCLUSION  
In conclusion, formaldehyde emerges as a significant indoor air pollutant in Kosovo, posing 
potential health risks to its inhabitants. Our research based on literature review and analytical 
assessment, shows the widespread presence of formaldehyde in indoor environments, 
primarily from sources such as building materials, furniture, consumer products, and tobacco 
smoke. The proposed measures and strategies provide a roadmap for addressing this pressing 
issue. At the individual level, careful selection of building materials, furniture, and household 
products with minimal formaldehyde content is crucial. Moreover, adopting ventilation 
practices, using air purifiers, and implementing no-smoking policies indoors can significantly 
reduce formaldehyde concentrations. Policy interventions play a pivotal role in curbing 
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formaldehyde pollution. Stringent emission standards, incorporation of green building 
practices, and effective import controls are essential measures. Public awareness campaigns, 
occupant training programs, and educational initiatives in schools further contribute to 
fostering a culture of indoor air quality management. Considering these findings and 
recommendations, it is imperative for policymakers, regulatory bodies, and stakeholders in 
Kosovo to prioritize formaldehyde mitigation efforts. By collectively embracing these 
strategies, Kosovo can pave the way for healthier indoor environments and safeguard the well-
being of its populace. 
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This paper offers an overview of internal air pollution in Kosovo, specifically on lead, 
focusing on its sources, impacts, and potential mitigation strategies. As a developing nation 
in Southeast Europe, Kosovo grapples with the challenges of maintaining air quality due to a 
combination of industrial activities, domestic practices, and vehicular emissions. Combustion 
of fossil fuels for energy production, inadequate waste management, and the prevalent use of 
solid fuels for heating contribute to heightened levels of particulate matter, nitrogen oxides, 
and sulfur dioxide. The consequences of internal air pollution in Kosovo extend beyond 
environmental concerns, impacting public health, agriculture, and overall well -being. 
Respiratory illnesses, cardiovascular problems and adverse effects on vulnerable populations 
are notable health risks associated with prolonged exposure to polluted air. Additionally, the 
repercussions extend to ecosystems, agricultural productivity, and climate change, 
necessitating comprehensive efforts to address the issue. This paper underscores the 
importance of thorough air quality monitoring, policy development and collaborative 
initiatives involving government agencies, industries, and local communities. By 
implementing effective strategies to reduce emissions, promoting sustainable practices, and 
fostering awareness, Kosovo can work towards improving air quality and ensuring a healthier 
environment for its citizens. 

Keywords: Air Pollution, Kosovo, Sources, Impacts, Mitigation Strategies, Public Health 

1. INTRODUCTION 
Lead is a heavy metal that can be found in various forms in the environment. It has been 
widely used in industrial processes, paint, gasoline, and plumbing materials. When it comes 
to indoor pollution, lead can enter homes through various sources and pose serious health 
risks, particularly to young children and pregnant women[1], [2]. 

Lead can enter homes through lead-based paints in older buildings (usually before 1978), 
lead-contaminated dust from deteriorated paint or soil, lead pipes or plumbing fixtures, some 
imported ceramics or pottery, certain toys or jewelry, and traditional remedies or cosmetics 
from other countries[1], [2], [3], [4], [5], [6]. Exposure to lead can cause serious health issues, 
especially in children. It can affect the brain, nervous system, kidneys, and red blood cells. 
Even low levels of lead exposure can lead to developmental delays, learning difficulties, 
behavioral problems, and lowered IQ[7]. Preventing lead exposure involves identifying and 
removing potential sources of lead in the home, such as lead-based paint or contaminated soil. 
Regular cleaning and dusting can also help reduce lead dust levels. Remediation may involve 
professional lead abatement services for significant lead hazards. 

Lead is a very important metal. However, it also has its advantages and weaknesses in special 
cases of complex situations, in terms of damages that can be caused. It means that as in any 
metal, we must be careful to find a way to get from lead as a metal. The human factor must 
be careful and avoid damage or consequences that could be caused by the bullet. Lead is a 
metal that has been known for 7000 years. The name lead comes from the Latin word 
[plumbum - lead]. Lead is a chemical element found in the 14th group of the periodic system, 
with symbol pb and atomic number 82. Lead is found in many different elemental states. Most 
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often we find it in the form of natural compounds [8]. The most important ones of all of them 
are lead galena Pbs and cerussite PbCO3.  

In Kosovo, the main lead minerals are found in Trepçë, Artanë, Kishnica, Hajvali, Badoc. 
There is a lead smelter in Zveçan [9]. It is a heavy metal that is stronger than most common 
materials. Lead is soft and malleable and has a low melting point. When freshly cut, lead is a 
shiny gray with a blue tint. It stains to a dull gray color when exposed to air. Lead has the 
highest atomic number of any stable element, and three of its isotopes are the endpoints of the 
main decay chains of the heavier elements. Lead is toxic, not a small thing, but also for many 
things. Everyone can make an analysis and interpret the results found from the findings made 
regarding lead and the care that will take place from the damages that have been brought to 
the environment and our lives in a dramatic way [6], [8]. 

Lead is highly toxic and has been a significant concern due to lead pollution from operations 
like the Trepçë smelter in Mitrovica, leading to serious health issues, especially among 
children, and necessitating cleanup efforts, soil remediation, public health interventions, and 
ongoing environmental management to mitigate risks and address the broader challenges of 
heavy metal pollution, including those from the mining sector in areas like Artana and Trepça 
impacting agriculture and local communities[10]. 

2. MATERIALS AND METHODS 
This study employed a comprehensive approach to investigate the state of lead pollution in 
Kosovo, focusing on the environmental and health impacts, particularly in areas affected by 
industrial activities such as mining and smelting. The methodology involved a thorough 
literature review of scientific publications, government reports, and relevant documents 
pertaining to lead contamination in Kosovo, including data on historical industrial operations, 
pollution sources, exposure pathways, and health outcomes associated with lead exposure. 
Special emphasis was placed on evaluating the impacts of lead pollution on vulnerable 
populations, including children, pregnant women, and communities residing near industrial 
sites or areas with legacy contamination. 

3. RESULTS AND DISCUSSION 
3.1. Sources of Lead 

Lead can be found in multiple household and industrial use products and materials, in different 
shapes and forms such as [1], [3], [4]: 

1. Lead Ore: Natural mineral deposits containing lead, such as galena (lead sulfide) and 
cerussite (lead carbonate), are mined as primary sources of lead.  

2. Lead Ingot: Refined lead metal is often cast into ingots for storage, transportation, and 
further processing. 

3. Lead-acid Batteries: Lead is a key component in lead-acid batteries, which are 
commonly used in automobiles, backup power systems, and industrial applications. 

4. Lead-based Paint: Lead was historically used as a pigment in paint to provide color 
and durability, although its use has been restricted due to health concerns.  

5. Lead Shielding: Lead is utilized as a shielding material to block radiation in various 
applications, including medical imaging equipment, nuclear facilities, and aerospace. 

6. Lead Solder: Lead-tin alloys are commonly used in soldering electronic components 
and plumbing joints due to their low melting point and excellent wetting properties. 

7. Lead Bullets: Lead is a dense and malleable metal used in the production of 
ammunition for firearms. 

8. Lead Glass: Lead oxide is added to glass formulations to increase its refractive index, 
making it suitable for lenses, decorative items, and radiation shielding. 
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9. Lead Sheet: Thin sheets of lead are used in construction for roofing, flashing, 
soundproofing, and radiation protection. 

10. Lead Alloys: Lead is alloyed with other metals to enhance specific properties, such as 
hardness, machinability, and corrosion resistance. Common alloys include lead-
calcium for batteries and lead-tin for soldering. 

These materials highlight the diverse applications of lead across various industries, although 
it’s important to handle and dispose of lead-containing materials responsibly to mitigate 
health and environmental risks. 

Heavy metals are released into the biosphere by natural processes and human activities. They 
are mainly transferred as molecules or particles through the atmosphere, mostly on a large 
scale. The number of heavy metals of anthropogenic origin has increased continuously since 
the beginning of the industrial revolution, and the awareness and concern about the 
environmental and health risks associated with them has increased significantly during the 
last decades. The main points of metal emissions are congested urban areas with high density 
of industry and traffic. Lead is one of the prominent examples of anthropogenic metal 
pollution of the environment. In addition to industry, lead emissions were associated for 
several decades with the use of lead compounds as antiknock additives in gasoline. Its toxic 
effect is mainly the inactivation of enzymes and proteins through binding to sulfhydryl 
groups[2], [3], [4], [8]. 

Studies from research on sources of lead exposure at different sites within different regional 
areas are reviewed. The results showed that in Nigeria, the sources of electronic photo 
exposure, ink and batteries. In Mexico, the exposed sources are glazed ceramics, lead-
contaminated utensils and lead-contaminated water, for India, the sources of lead are 
cosmetics and traditional medicines. English and electronic sources of lead exposure, 
traditional medicines industrial emissions. In France, the sources of exposure attention to the 
old house, imported ceramics and cosmetics and industrial emissions. Australia's exhibition 
sources in paint, powder, imported toys and traditional medicines. bottom, in the environment 
of pooling resources and imitation of this paint, all industrial exposure to lead and batteries. 
In the high-income country (HIC) Lead exposure to it keeps the exposed populations high. 
Low-income countries and LMICs), there are no regulation or the inability to implement 
population exposure regulations[1].  

Homes built before 1978 (when lead-based paint was banned) probably contain lead-based 
paint. When paint peels and cracks, it creates lead dust. Children can be exposed to lead when 
they swallow or inhale lead dust. Some water pipes may contain lead. Lead can be found in 
some products such as toys and jewelry. Lead is sometimes found in candy or traditional home 
remedies. Some jobs and hobbies involve working with lead-based products, such as stained 
glass, and may cause parents to bring lead into the home. Children who live near airports can 
be exposed to lead in the air and in the ground from aviation gas used in piston-engine 
aircraft[1], [2], [4], [7]. 

Kosovo has faced challenges related to lead pollution, particularly in the town of Mitrovica, 
where a lead smelting plant operated for decades. The Trepçë smelter in Mitrovica was a 
major source of lead emissions, contaminating the surrounding environment and exposing 
residents to high levels of lead and other pollutants into the air, soil, and water. This 
contamination has affected not only Mitrovica but also nearby areas and communities. High 
levels of lead exposure have led to serious health consequences for residents, particularly 
children. Lead poisoning cases, including elevated blood lead levels, have been documented, 
leading to concerns about developmental issues and long-term health effects. Efforts have 
been made to address the lead pollution in Mitrovica. These include cleanup initiatives, soil 
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remediation projects, public health interventions such as blood lead level screenings, and 
awareness campaigns to educate residents about the risks of lead exposure[10]. 

Despite remediation efforts, challenges remain in fully addressing the lead pollution legacy 
in Mitrovica and other affected areas of Kosovo. Continued monitoring, public health 
interventions, and environmental management are essential to mitigate the ongoing risks 
associated with lead exposure. The mining sector, particularly in areas like Artana and Trepça, 
has contributed to environmental pollution through the release of heavy metals, acids, and 
other contaminants into the soil and water. This has affected agricultural lands, water 
resources, and local communities relying on these resources for livelihoods[10]. 

3.2. Effects on the environment and human health 

Lead-contaminated soil continues to be a dangerous source of childhood exposure for other 
children in the United States. Deposits from leaded gasoline, lead-based exterior paints, and 
industrial sources have contributed to these levels of lead in the soil. This is common in urban 
areas and their pre-1978 homes. 

Protecting humans from lead exposure is important for lifelong good health. No safe blood 
lead level in children is something. Although they are low in lead, some negative levels have 
been shown in intelligence, the ability to devote your academic attention. While the effects of 
lead poisoning can damage their body permanently, if caught early, when those who want to 
can do to expose their children's health. Lead exposure occurs when a child comes into contact 
with lead by touching, swallowing, or inhaling lead or lead dust. A young Asian boy sitting 
on the carpet in a day care center is about to put one in his mouth. Exposure to lead can 
seriously harm children's health and negative effects have been documented such as[7]:  

• Damage to the brain and nervous system, 
• Poor growth and development, 
• Learning and skill problems, 
• Hearing problems, 
• Lower IQ.  

Lead exposure in children is difficult to see. Most children have no immediate symptoms. If 
you suspect that a child may have been exposed to lead, parents should talk to their child's 
caregiver to do a blood lead test. 

Lead in water can come from homes with lead service lines connecting the home to the main 
water line. Some drinking water sources with lead-lined tanks and other plumbing fixtures 
that are not intended for drinking water (e.g., laboratory faucets, pipes, hand-washing sinks) 
may also have lead in the water. Lead can enter drinking water when a chemical reaction 
occurs in plumbing materials containing lead. This is known as corrosion - the breaking down 
or wearing away of metal from pipes and fittings. This reaction is more severe when the water 
has high acidity or low mineral content. How much lead gets into the water is related to the 
acidity or alkalinity of the water, the types and amounts of minerals in the water, the amount 
of lead the water comes into contact with, the temperature of the water, the amount of wear 
in the pipes, and the presence of protective steps or coatings in pipes[7].  

You cannot see, taste or smell lead in drinking water. The best way to know your risk of 
exposure to lead in drinking water is to identify potential sources of lead in your service line 
and household plumbing. Your local water authority is always your first source for testing 
and identifying lead contamination in your tap water. Many public water systems will test 
drinking water for residents upon request. There are also laboratories that are certified to test 
for lead in water. Understand that water sample results may vary depending on time of day, 
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season, sampling method, water flow, and other factors. Risk from Lead in Water Because no 
safe blood level has been identified for young children, all sources of lead exposure for 
children should be controlled or eliminated. EPA has set the maximum contaminant level goal 
for lead in drinking water at zero because lead can be harmful to human health even at low 
levels of exposure. Lead is a toxic metal that is persistent in the environment and can 
accumulate in the body over time[1], [2], [4], [7]. 

The risk will vary depending on the individual, the chemical conditions of the water and the 
amount consumed. For example, infants who drink formula prepared with lead-contaminated 
tap water may be at a higher risk of exposure because of the large volume of water they 
consume relative to their body size. Bathing and showering should be safe for you and your 
children because human skin does not absorb lead in water[7]. 

3.3. Measures for minimization 

The first step is to identify potential sources of lead in your home, such as lead-based paint, 
dust from lead-containing materials, lead pipes or plumbing fixtures, and certain household 
items like imported ceramics or pottery. Remove or replace these sources wherever possible 
to reduce lead exposure. Keep your home clean and dust-free, especially in areas where lead 
may be present. Use wet mopping, wiping, and vacuuming with a HEPA filter vacuum cleaner 
to effectively remove lead dust and prevent it from becoming airborne. 

If your home has lead-based paint, keep it in good condition by addressing any peeling, 
chipping, or deteriorating paint immediately. Encapsulate or seal lead-based paint surfaces to 
prevent the release of lead dust into the air. Ensure good ventilation in your home, particularly 
in areas where lead sources are present or during activities that may generate lead dust (e.g., 
renovation or remodeling projects). Use exhaust fans, open windows, and air purifiers with 
HEPA filters to improve indoor air quality. 

Practice good personal hygiene, especially for young children, to reduce ingestion of lead-
contaminated dust. Wash hands, toys, and surfaces regularly, and avoid eating or drinking in 
areas where lead exposure is possible. Conduct regular lead testing in your home, especially 
if it was built before 1978 when lead-based paint was commonly used. Test drinking water 
for lead contamination if you have older plumbing or suspect lead pipes. 

For significant lead hazards or remediation needs, seek professional assistance from lead 
abatement contractors or environmental consultants. They can safely remove lead-based 
paint, address lead-contaminated soil or dust, and provide guidance on reducing lead exposure 
risks. Educate yourself, family members, and household occupants about the risks of lead 
exposure and the importance of preventive measures. Raise awareness in your community 
about lead pollution and advocate for policies that promote lead-safe environments. 

4.  CONCLUSION 
In conclusion, the text provides a comprehensive overview of the issue of lead pollution, 
particularly focusing on Kosovo but with broader implications for global understanding and 
action. Lead, a heavy metal with numerous industrial applications, poses significant health 
and environmental risks, especially in older homes and areas with industrial activities like 
mining and smelting. The text highlights various sources of lead exposure, ranging from lead-
based paints to contaminated soil, water, and consumer products. 
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Efforts to mitigate lead exposure include identifying and removing sources of lead, 
implementing remediation measures, conducting regular testing, and raising awareness 
among communities. However, challenges persist, especially in addressing historical legacies 
of lead pollution and protecting vulnerable populations such as children and pregnant women. 

The importance of ongoing monitoring, public health interventions, and environmental 
management cannot be overstated in safeguarding human health and ecosystems from the 
detrimental effects of lead contamination. Collaborative efforts at local, national, and 
international levels are essential to create and enforce regulations, promote lead-safe 
practices, and support research and innovation for sustainable solutions to lead pollution. 
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Membrane bioreactor (MBR) technology is an efficient technology for municipal and 
industrial wastewater treatment. It is a novel technology due to its divergent advantages over 
conventional bioreactors. With significant removal rates of contaminants, MBR has been 
considered as a simple, reliable and cost-effective process for wastewater treatment. However, 
the major drawback hindering wider application of MBRs is membrane fouling, which 
significantly reduces membrane performance and lifespan, resulting in a significant increase 
in maintenance and operating costs. In Albania it seems to be a rare technology. Only one 
cement fabric uses this technology which is taken as a case study in this paper. 

 

Keywords:   Environmental   education, wastewater, Albania, sustainable   future, 
membranes. 
 
 

1. INTRODUCTION 
 
Wastewater treatment is an important phase in the overall management of wastewater water 
resources. European directives, the water law, as well as the text sand recent decrees oblige 
to practice a thorough depollution, institute ambitious performance obligation and impose 
deadlines. The most common method fortreating all types of pollution is based on the concept 
of activated sludge process. This is composed of a ventilation tank followed by a decanter. 
Since a few yearsnew technique associating a bioreactor with an emerge membrane system, 
this is themembrane bioreactor. 
A first part will be dedicated to a technical study of this process which will lead us todetermine 
the advantages and disadvantages.  
 

2. PRINCIPLE OF THE TECHNIQUES 
2.1. DEFINITION-ORIGIN 
The membrane bioreactor (MBR) is a water purification plant continuous two dissociated 
functions: 

- Purification function (the bioreactor) 

- A separation function (the membranes) 

This concept was born simultaneously in France (Rhône Poulenc patent) and in the United 
States (patent Dorr Oliver) in the 1970s. The breakthrough for the MBR came in 1989 with 
Yamamoto and co-workers idea of submerging the membranes in the bioreactor. Until then, 
MBRs were designed with a separation device located external to the reactor (sidestream 
MBR) and relied on high transmembrane pressure (TMP) to maintain filtration. With the 
membrane directly immersed in the bioreactor, submerged MBR systems are usually 
preferred to sidestream configuration, especially for domestic wastewater treatment.  
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This process applies to both urban wastewater and industrial wastewater. Indeed, there are 
MBR in dairy industry,pharmaceutical, petrochemical ...  

This purification plant is also used in some hospitals, big hotels and even the "Queen Mary 
2" cruise ship. 

2.2.TYPES OF MEMBRANE BIOREACTORS 
There are two types of MBR: external membrane bioreactors  (type a) and submerged 
membrane bioreactors (type b). 

 

Figure 1 Types of MBRs 

The first generations of MBR implement organic tubular membranes or inorganic compounds 
placed in external recirculation loops. This filtration module is biomass fueled by a circulation 
pump which also ensures a pressurization of the system. Biomass circulates at high speed in 
these loops to limit clogging membranes and reduce the frequency of chemical washes. But 
the circulation induces a energy consumption which leads these processes to high energy costs 
(from 10 to50 kWh / m3) and who are not eligible when it comes to wastewater treatment. 
This constraint is one of the reasons for developing new configurations of MBR.(Type a: 
External membrane bioreactor). 

The submerged membrane bioreactors have therefore appeared with the aim of simplifying 
implementation of the systems and reduce their operating costs. In this news configuration, 
the membranes are directly immersed in the ponds containing the biological sludge. The 
permeate is drawn off by suction using a suction pump. The work is therefore carried out in 
depression and does not exceed, in general, 0.5 bar against 1 bar or more for external loop 
processes. As a result, the associated energy expenditure not exceed 0.2-0.4 kWh / m3.  

This process is therefore the most used today although it's treatment capacity is lower than for 
the external membrane bioreactor.(Type b: submerged membrane bioreactors). 

2.3.THE BIOREACTOR 
The bioreactor is the place of biological degradation of pollution. There develops a adapted 
biomass of microorganisms. This is composed of heterotrophic bacteria that treat 
biodegradable organic matter and autotrophic bacteria that metabolize ammoniacal nitrogen. 
The number of bacteria of each type depends on the composition of the effluent. The interest 
of membranes is to keep all of these microorganisms in the biological basin. In addition, they 
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retain high-molecular weight organic molecules which prolongs their contact time with 
bacteria and facilitates thus their biodegradation. With regard to the hydraulic residence time 
and the age of the mud, they are perfectly controlled and can be chosen independently. The 
sludge, produced in very small quantities, is the only residue that is extracted. 

2.4. THE MEMBRANES 

A membrane is a barrier of a few hundred nanometers to a few millimetersthick, selective, 
which under the effect of a transfer force, will allow or prohibit thepassage of certain 
components between two media that it separates. The transfer forcecovers the gradient of 
pressure, concentration, activity or electrical potential. From thismade membranes include a 
wide variety of materials and structures. 

With regard toMBR membranes, the transfer force corresponds to a difference pressure on 
both sides of the membrane and the most commonly used filtering microfiltration and 
ultrafiltration. In addition, filtration is generally tangential to the membrane. 

3. BENEFITS AND LIMITATIONS OF MBR 
In this section we are going to analisethe most often advantages and disadvantages listed by 
builders and MBR users. 

3.1.THE BENEFITS 
Performances 
The purification efficiencies of the MBR are high allowing discharges in sensitive zones. The 
treated water will have undergone a strong abatement of carbonated and nitrogen pollutants. 
Retention SS will be almost total and the elimination of bacteria and viruses will be very 
advanced. To obtain the same results (in SS and COD) as the MBR, the equivalent classical 
station multiplies the positions (primary settling + clarification + disinfection) and therefore 
the sources of problem all along the chain. 
Sludge 
The high sludge age and prolonged contact between bacteria and organic molecules at high 
molecular weight facilitate biodegradation. In addition, sludge production is relatively low, 
up to 50% lower than conventional methods. 
Compactness and adaptability 
The MBR installations are very compact and modular. In addition, performance remains the 
same when they are subject to peaks of pollution or large variations in flow. 
Economics of water resources 
The treated water can be recycled into utility water for example as boiler water and in different  
processes. 

3.2.THE LIMITATIONS  
Clogging/ Fouling 
Small particles and macromolecules can be retained within the membrane and block certain 
pores, be adsorbed on the outer surface of the micropores or to deposit there forming a gel or 
a deposit. This results in a clogging phenomenon that translated by a decrease in the permeate 
flow.  
This clogging is fortunately not irreversible. Particles accumulated in front of membrane can 
be removed by backwashing while absorbed solutes can only be removed by chemical 
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washing. The cleaning station which allows the washing and rinsing of the membranes is 
automated. 
 
Membrane protection 
Membranes are very sensitive to abrasive materials. These damage strongly the membranes 
then rendering them ineffective. Pretreatment is therefore generally recommended so that at 
the level of the membranes only a dirty water but without materials abrasive. This 
pretreatment depends on the characteristics of the water to be treated, it can for example be 
composed of screening and sandblasting. 
The cost 
The cost of installing brm is relatively high and they require an energy supply superior to a 
conventional biological process with activated sludge. 
 

4. CASE STUDY  'TITAN' CEMENT FACTORY ALBANIA 
 
The wastewater treatment plant at Antea Titan Cement Plant serves for sanitary water 
purification and processes. It is a biological type with aeration basin and biomembranes. The 
stages of treatment include: 
 
• Pretreatment (rounding, grating); 
• Primary treatment: decantor with a volume of 80 m3; 
• Aeration Basin (Reactor) 2 x 18 m3; 
• Sludge collection reservoir with a volume of 7.0 m3; 
• Tertiary treatment: chlorine disinfection, reservoir volume 8.5 m3. 
 
The average computational flow is 50 m3/d. In the water line the flow of the influent, after 
gravity arrives from the main collector, inside the plant is realized by three pumps.The 
pumping system in the regulating tank is duplicated (service pump + stand-by pump). Reactor 
ventilation is accomplished by two HC-801S type blowers, each with a capacity of 198 m3/h 
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and an installed power of 5.5 kW. Operating them is done automatically with a timer installed 
in the blower compartment. One of the bellows stands in stand-by mode. 

Figure 2: 'Titan' factory MBR treatment plant. 
 

In this table we will look at and compare contaminant components and water quality indicator 
components. The analyzes undertaken in the study were conducted in January and February 
2016 and some of them will be compared with the legal norms adopted by the decision of the 
Council of Ministers dated 31.03.2005. Based on the results of the analyzes and comparing 
them with the legal norms we see that the level of technological water treatment is quite 
qualitative and the final results are quite satisfactory. This shows once again the quality of 
this travertine technology. 

Table 1. Water quality indicator components 

Naming analyzes  
Results for 

January Results fo February Legal Norms 
pH 8.35 8.08   
Electrical Conductivity                  EC        935  μS/cm 735  μS/cm   
Total Suspended Solids                TSS      <2 mg/L <2 mg/L < 35 mg/L 
Turbidity 20.3 NTU 17.7 NTU   
Biochemical Oxygen Demand BOD5 10 mg/L 10 mg/L < 25 mg/L 
Chemical Oxygen Demand       COD 25 mg/L 27 mg/L < 125 mg/L 
Oil & Grease 8.2 mg/L 8.4 mg/L   
Total Nitrogen                        N-
TOTAL 13.95 mg/L 12.6 mg/L < 15 mg/L 
Total Phosphorus                  P-TOTAL 1.69 mg/L 1.39 mg/L < 2 mg/L 
Total Colliforms                      100 ml    0 Cfu >300 Cfu   
E-Coli                                        100 ml 0Cfu 3 Cfu   
Intestinal Enterococ              100 ml 0Cfu 120 Cfu   

 A=371.100 

 B=112.500 
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5. CONCLUSION 
The membrane bioreactor seems to be a technique in the making but still needs improvements. 
Its today timid development should therefore be activated in the future especially at the 
industrial level. Indeed, the treatment of industrial wastewater byMBR is an interesting 
technical solution for reducing the volume of sludge. In addition, treated water can be reused 
for other processes. MBR can therefore be included in a zero-rejection environmental policy. 
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In addition to their primary function of ensuring public health and safety through the treatment 
of wastewater, as well as protecting the environment, wastewater treatment plants (WWTPs) 
can be considered essential cells of energy resources. The paper treats the corresponding topic 
with detailed descriptions of processes from wastewater treatment to energy production. Flow 
pumping, mechanical pretreatment, digestion, sludge thickening, drainage, and energy 
extraction are some of the processes addressed throughout this research. Biogas obtained from 
the sludge of wastewater is the main product of these plants for energy production, and so are 
solar panels and wind turbines too. An example of using this method for energy production is 
the WWTP in Austria. Austrian institutes conclude that the heat potential in WWTPs from the 
digester gas and the extraction from the wastewater effluent can be estimated at 3375 GWh/a 
and the potential for energy production at a dimension of 115.5 GWh/a. This production turned 
out to be sufficient for the plant's own requirements; furthermore, it managed to supply the 
surrounding area, not small areas in Austria, which proves the great capacities that this 
"industry" has in itself. The last part of this paper introduces recommendations and conclusions 
for this form of energy production in Kosovo that are crucial for the energy transition in our 
country. 
 
Keywords: Wastewater treatment plant, energy, potential, sewage, sludge, biogas. 
 
1. INTRODUCTION 
Wastewater treatment plants (WWTPs) serve a critical role in society by not only purifying 
domestic and industrial wastewater but also by potentially harnessing energy from the 
treatment processes. This dual functionality underscores the importance of exploring the 
feasibility and effectiveness of energy production within WWTPs. In recent years, there has 
been growing interest in utilizing various sources of energy inherent in these facilities, ranging 
from the combustion of solid matter derived from wastewater to the utilization of heat 
generated during treatment processes. Additionally, the spatial layout of WWTPs presents 
opportunities for the integration of renewable energy technologies such as solar panels and 
turbines, further enhancing their energy production potential. While several methods exist for 
energy production within WWTPs, this paper primarily focuses on the utilization of biogas, a 
byproduct of anaerobic digestion processes, as a viable source of renewable energy. The study 
is based on data collected from a wastewater treatment plant in Austria that employs biogas 
production as part of its energy generation strategy. [1] By analyzing the efficiency, 
sustainability, and economic viability of this energy production method, valuable insights can 
be gained into its applicability and potential for wider adoption within the wastewater 
treatment sector. It is important to note that similar energy production methods are employed 
in other wastewater treatment facilities around the world nowadays, including the water 
treatment plant in Peja, Kosovo. However, due to data limitations, this paper focuses solely 
on the Austrian case study. Nevertheless, the overarching goal of this research is to contribute 
to the broader understanding of energy production in WWTPs and its implications for 
sustainable development. Moreover, the energy generated within WWTPs serves primarily for 
internal consumption, fulfilling the operational needs of the facilities themselves. In instances 
where excess energy is produced, there exists the possibility of feeding it into the electrical 
grid, thereby contributing to local energy supplies and potentially offsetting external energy 
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demands. Through a comprehensive examination of energy production in WWTPs, this paper 
seeks to shed light on the feasibility, challenges, and opportunities associated with integrating 
renewable energy technologies into essential infrastructure systems, ul timately advancing the 
transition towards a more sustainable and energy-efficient future. [2] 
 

2. MATERIALS AND METHODS 
 
According to Austrian researchers (Authors of “Mapping Thermal Energy Resource 
Potentials from Wastewater Treatment Plants”, Sep 2015), the main factors to evaluate the 
potential of energy production in plants are the amount of water for treatment and the 
temperature level. For the calculation of such values, we need to have available the values of 
"Velocity of the volume of wastewater (VWW)", "Specific heat capacity of wastewater (c)" and 
"Change of temperature" (ΔT)”. The calculation of the main factors is done through Equation 
(1) presented below: 
 

𝑃𝑤𝑤 = 𝑉𝑤𝑤 × 𝑐 × ∆𝑇 Equation (1) 
 
*PWW – Thermal extraction from wastewater 
 
“The assessment of thermal energy potential is based on the following assumptions: 
 

• The specific thermal capacity of wastewater is calculated with the appropriate water value 
(1.16 kWh/m3 × K). 
• The average wastewater temperature in the heating period is estimated at 10 °C. 
• The wastewater in the effluent will be cooled to 5 °C so that 5 K can be extracted. 

 
According to these assumptions, a total heat capacity of about 533 MW can be provided by 
wastewater in several types of WWTPs, reaching about 700 MW of the total heat capacity 
that includes the electricity demand of heat pumps with a performance factor equal to 4 
according to Equation (2).” 

𝑃𝐻𝑃 = 𝑃𝑤𝑤 × 
𝐶𝑂𝑃

 (𝐶𝑂𝑃−1)                          Equation (2) 
 

In the Austrian case, in addition to the thermal energy obtained from wastewater in the 
treatment plants, the production of thermal energy recovered from the solvent gas has also 
been applied. This type of energy is possible to produce only in the cases of WWTPs, which 
are equipped with solvents, which means they provide solvent gas that is considered an aid or 
additional source for energy production. How much is the thermal energy supply capacity 
from the solvent gas in the plant can be calculated through Equation (3) below: 
 

𝐸𝑆𝑡ℎ = 𝐿𝐸 × 𝐵𝐸𝐹𝑡ℎ Equation (3) 
 
ESth – Thermal energy supply from solvent gas; 
 
LE – Current load entering the WWTP; 
 
PE – Population equivalent; 
 
BEFth – Thermal energy factor of biogas; 
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The heat potential in WWTP from the digester gas and extraction from the wastewater  
effluent can be estimated at 3375 GWh/a, and the potential for energy production is 115.5 
GWh/a. This production turned out to be sufficient for the plant's requirements, but not only 
that, the surplus remaining after the supply inside the plant is managed to supply the 
surrounding area, not small areas in Austria, which proves the great capacities that this  
"industry" has in itself. [1] 

When we talk about treating contaminated water that contains numerous 
microorganisms and living matter, this process also involves recovering chemical energy. This 
energy can be partially retrieved in WWTPs through the process of anaerobic digestion of 
sludge, which produces biogas. Biogas is an energy source that can be used to generate 
electricity and heat. Although hydraulic energy in wastewater is low, there is technology 
available that can convert it into electricity through turbines or kinetic devices with a recovery 
efficiency of up to 90%. To explain the procedure of energy production from renewable 
sources, we understand that when organic waste manages to decompose in an environment 
without oxygen, it manages to release gases from the decomposition of one of them, methane. 
A case of such release is the breakdown or decomposition of waste in landfills at great depths, 
and this methane, instead of being released into the atmosphere and contaminating the 
environment, can be collected and used for energy production. 

Collection of Solid Sludge: The energy production process begins with the collection of 
solid sludge from sewage. This sludge contains organic matter, such as food waste, fecal 
matter, and other biodegradable materials, which can serve as a valuable resource for energy 
production. 

Thermal Hydrolysis: The collected sludge undergoes a pretreatment process known as 
thermal hydrolysis. In this step, the sludge is subjected to high temperature and pressure 
conditions, which break down complex organic compounds into simpler molecules. This 
process maximizes the amount of methane that can be produced during subsequent stages, 
enhancing the overall efficiency of biogas production. 

Anaerobic Digestion: After thermal hydrolysis, the treated sludge is introduced into an 
anaerobic digester that is a biological process in which microorganisms break down organic 
matter in the absence of oxygen. As the organic material decomposes, methane-rich biogas is 
produced as a byproduct. This biogas typically consists of methane (CH₄), carbon dioxide 
(CO₂), and trace amounts of other gases. 

Biogas Utilization: The methane-rich biogas produced in the anaerobic digester can be 
utilized for various energy needs. Biogas can be combusted to generate heat and electricity, 
which can be used to power equipment within the WWTP or supplied to the local  grid for 
broader energy distribution. Additionally, biogas can be processed further to remove 
impurities and upgrade its quality, making it suitable for use as a renewable natural gas (RNG) 
substitute for fossil fuels. 

Resource Recovery: The energy production process from organic waste not only yields 
biogas but also results in a nutrient-rich solid residue known as digestate. This digestate can 
be further processed and utilized as a valuable soil amendment or fertilizer . By returning 
nutrients to the soil, digestate promotes plant growth and enhances soil health, closing the 
nutrient loop and contributing to a circular economy approach. 

Electricity Generation and Grid Integration: The electricity generated from biogas-
powered generators can be integrated into the local electrical grid to meet the energy needs of 
surrounding communities. Depending on the scale of electricity production and the regulatory 
framework, excess electricity can be sold back to the grid, providing additional revenue 
streams for the wastewater treatment plant and promoting renewable energy integration into 
the broader energy infrastructure. Electricity production from biogas offers numerous 
sustainability benefits, including reducing greenhouse gas emissions, mitigating odors from 
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organic waste, and providing a renewable energy source. By converting organic waste into 
electricity, wastewater treatment plants contribute to resource recovery, waste management, 
and environmental stewardship goals, aligning with broader sustainability objectives. 
Overall, the energy production process from renewable sources in WWTPs represents a 
sustainable and resource-efficient approach to managing organic waste while simultaneously 
generating renewable energy and valuable byproducts. Through the integration of advanced 
technologies and innovative strategies, WWTPs can play a significant role in addressing 
environmental challenges, reducing greenhouse gas emissions, and advancing the transition 
towards a more sustainable energy future. 
 

 
 

Figure 1. Main steps of anaerobic digestion in WWTP 
 
 
2.1 Biogas utilization methods  
  
To utilize the biogas from WWTPs, we need specific equipment to apply various methods. 
Below are listed some of the biogas utilization methods. 
 

Table 1. Conventional use of digester biogas 
 
Biogas utilization methods 

 
Equipment for the application of methods 

Digestion tank heating Boiler, heat recovery equipment 

Power generation Biogas purification equipment, biogas generator 

Facility heating Heat recovery equipment 

Conditioners Heat recovery equipment 

Sludge drying Dryers, heat recovery equipment 

Sludge pasteurization Boiler, heat recovery equipment 

Thermal hydrolysis Boiler, heat recovery equipment 

 
Sludge-water 

separation 

Anaerobic 
digestion 

•Hydrolysis 
•Digestion 

 

Electricity 
Heat 
Bio-methane 

 

Biogas 
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Methane sales Biogas treatment equipment 

Driven pump and fan Biogas generator set 

Burn Fuel 

 
 
2.2 Energy conservation methods in WWTPs  
 
As a plentiful resource, the energy generated in WWTPs can be used to generate energy even 
when it is not needed. Researchers have been exploring methods to preserve or convert this 
energy for future use. Their analysis has shown that conserving energy through consumption 
is one of the best ways to save it. Over nearly 50 years of research, several optimization 
techniques and decision-making theories have been developed, and some of these techniques 
have been adopted by manufacturers. These techniques have proven to be effective in 
resolving a wide range of real-world issues in all WWTPs. 
 

Table 2. Assessment methods for energy conservation in WWTPs [3] 
 

Evaluation methodology 
 

Description 
Analytic Hierarchy Process (AHP) AHP is a methodology used for evaluation and 

decision-making in systems engineering. It 
involves breaking down the factors involved in 
decision-making into goals, criteria, programs, 
and other levels. The method relies on 
subjective judgments of people to be expressed 
and calculated in the form of quantity. Based 
on this, qualitative and quantitative analysis is 
performed. 

Life Cycle Assessment (LCA) The structured system development method, 
commonly known as LCA, is a widely used 
approach for developing information systems. 
LCA is an all-encompassing tool that evaluates 
the entire life cycle of a product, from the 
extraction and processing of raw materials to 
its production, packaging, marketing, use, and 
maintenance, all the way to its eventual reuse 
or disposal. 

Fuzzy Comprehensive Evaluation (FCE) 
method 

The fuzzy comprehensive evaluation method is 
a technique used to comprehensively evaluate 
something using the fundamental principles of 
fuzzy mathematics.  

 This method  can convert qualitative 
evaluations into quantitative ones 
by applying the membership degree theory of 
fuzzy mathematics. 
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Specific method of energy consumption 
analysis 

The specific energy analysis method refers to 
the energy consumption of a wastewater 
treatment plant per unit volume of wastewater. 
This energy is then converted into 
electricity (kWh/m3). 

Analysis of energy consumption per unit The method for analyzing unit energy 
consumption is based on the functions and 
energy consumption characteristics of each 
sewage treatment facility within the sewage 
treatment plant. The plant is divided into three 
primary units for energy analysis, with energy 
consumption analysis and calculation 
performed separately for each processing unit. 
Each analysis is performed independently to 
determine the energy consumption per unit, the 
primary energy-consuming equipment, the 
pattern of energy consumption and the main 
factors that contribute to energy consumption. 
The energy consumption units are compared 
and analyzed to find the processing unit with 
the highest energy consumption and the 
devices with the largest energy consumption 
per unit. 

 
 
3. RESULTS AND DISCUSSIONS 
 
The data below are also confirmed by the WERF (Water Environment Research Foundation) 
report (Crawford and Sandino, 2010).  
Energy consumption in WWTPs is classified as follows: 
 

• Aeration of sludge liquids (55-70%). 
 
Aeration is a critical process in biological wastewater treatment, where microorganisms break 
down organic matter in the presence of oxygen. The high energy consumption associated with 
aeration is primarily due to the need to supply oxygen to support microbial activity. Some of 
optimization strategies for aeration are: “fine-tuning aeration systems”: implementing 
advanced control systems and optimizing aeration rates based on real-time monitoring of 
oxygen levels and microbial activity can help minimize energy wastage while maintaining 
treatment efficiency; “retrofitting with energy-efficient equipment”: upgrading aeration 
systems with energy-efficient blowers, diffusers, and mixing technologies can significantly 
reduce energy consumption without compromising treatment performance; “utilizing 
renewable energy sources”: integrating renewable energy sources such as solar or wind power 
to supplement aeration energy requirements can help offset electricity consumption and 
promote sustainability. 
 

• Primary and secondary placement in sludge pumping: 15.6%. 
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Pumping is necessary for transporting sludge between different treatment units within the 
WWTP, such as from primary settling tanks to secondary treatment processes or from 
treatment units to sludge digestion facilities. Some optimization strategies are: “hydraulic 
system optimization”: proper design and sizing of pumping systems, along with optimization 
of piping networks, can minimize friction losses and reduce energy consumption during sludge 
transfer; “variable frequency drives (VFDs)”: installing VFDs on pumps allows for adjusting 
pump speed based on varying flow demands, leading to energy savings compared to fixed-
speed pumps; “sludge dewatering optimization”: implementing efficient dewatering 
technologies such as centrifuges or belt filter presses can reduce the volume of sludge to be 
pumped, thereby lowering energy requirements for sludge handling. 
 

• Removal of liquid from the slurry: 7%. 
 
Dewatering processes are employed to remove excess water from sludge, reducing its volume 
and weight for further processing and disposal. Optimization strategies: ”energy-efficient 
dewatering technologies”: investing in modern dewatering equipment with higher efficiency 
and lower energy consumption per unit of water removed can lead to significant energy 
savings; “heat recovery systems”: utilizing waste heat from dewatering processes for space 
heating or preheating influent wastewater can improve overall energy efficiency within the 
WWTP; “process optimization”: fine-tuning dewatering parameters such as polymer dosage, 
solids concentration, and dewatering duration can optimize performance and minimize energy 
consumption. 
 

Figure 2. Energy dissipation in conventional activated sludge systems 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
 
The main byproduct of wastewater treatment plants (WWTPs), biogas, contains methane 
which can be used to generate energy instead of being released into the atmosphere. Although 
carbon dioxide is also released during the energy production process, its net emissions are 
relatively insignificant when compared to methane's contribution to greenhouse gas emissions 
(which is 16%). Additionally, we can derive the benefits of water treatment without burdening 
the energy system that serves the same consumers by utilizing the energy produced by these 
plants. 

• It is important to consider the production and conservation of energy within 
wastewater treatment plants right from the planning stages. This will ensure that the 
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spaces are appropriately arranged to facilitate the application of energy production 
methods. The plant's internal energy should also be taken into account during the planning 
stages. This will ensure that the processes for preventing the spread of bacteria, viruses, 
parasites, and other microorganisms in the water can continue operating even in the event 
of an electricity supply loss. 
• After processing the sludge for gas recovery to create energy, the leftover dry digest 
should be sold. It finds useful application in agricultural companies while gas serves as a 
fossil fuel. 
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Comprehensive Analysis of Wastewater Treatment Processes and 
Environmental Impacts: A Case Study of Tirana Water Treatment Plant  

Orgest Shehi 
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Tirana, Albania 

This paper offers a comprehensive exploration of the wastewater treatment processes 
employed at the Water Treatment Plant in Tirana, focusing on technical intricacies, 
environmental ramifications, and societal implications. The study delves into the treatment 
procedures implemented at the plant, scrutinizes both adverse and beneficial environmental 
and social effects encountered during project development and operation phases, examines 
physicochemical parameters, and anticipates enhancements in water quality within the 
project's ambit. The discharge of untreated wastewater into aquatic ecosystems constitutes a 
severe threat to water quality and public health, manifesting in recurring instances of water 
pollution and subsequent health hazards. To address this pressing issue, wastewater treatment 
plants are being established not only in Tirana but across the nation. These facilities, utilizing 
biological pathways, aim to elevate water treatment to a secondary level, thereby mitigating 
the detrimental effects of wastewater discharge. The Tirana Water Treatment Plant employs 
trickling filters for wastewater treatment and employs mechanical dehydration for sludge 
management post-thickening and digestion processes. Strategically located in Kashar, 
southwest of Tirana, the plant serves a populace of 850,000 individuals. The chosen site offers 
optimal conditions for construction and operation, including proximity to infrastructure 
networks and water bodies for treated water discharge. The collection and treatment of 
untreated sewage prior to discharge can substantially enhance river water quality and 
ecosystem health. Secondly, appropriate sewage handling and disposal practices are pivotal 
in averting contamination of ground and surface water sources. Thirdly, ensuring quality 
control of construction materials is imperative for the longevity and efficacy of plant 
operations. Lastly, while acknowledging the temporary negative environmental and social 
impacts during the construction phase, the long-term benefits of improved water quality 
outweigh these concerns.  

Keywords: Wastewater treatment, Environmental impacts, Water quality, Tirana, 
Sustainability, Infrastructure networks. 

1. INTRODUCTION 
 
The purpose of this study is to know the treatment processes in the plant, the negative and 
positive environmental and social effects that the development of this project in the 
construction and operation phase, the study of the physicochemical parameters and the 
expectations of improving quality in the waters which are part of the project [1]. 
Wastewater that discharges into seas, rivers and lakes is one of the most serious problems for 
both water pollution and public health. The evidence is found year after year in environmental 
monitoring reports, which measure water quality in all basins of the country. These discharges 
are a source of infection and disease directly or indirectly for humans. They are the cause of 
the phenomenon of eutrophication, the blooming of algae, often poisonous, and with serious 
consequences for the living world to change this situation, not only in Tirana but throughout 
the country are implementing water treatment plants. The plants will treat water up to 
secondary level with biological pathways [2]. 
Water treatment plant applies the process of trickling filters for the treatment of polluted 
waters to 
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dry beds or mechanical dehydration for sludge that comes after the thickening and digestive 
process. The location of this plant is located in Kashar, southwest of the city of Tirana, which 
benefits 850,000 people. This plant will enable the treatment of according to the required 
standards including the sludge treatment process. The selected area is not questioned as it has 
optimal parameters for the construction of this plant, as it is a strategic area, reduces the costs 
of operation by using the transport with the gravity of polluted waters, has a flat surface area, 
is located near infrastructure networks, as well as near the water body for discharging treated 
waters [2-4]. 
 

2. MATERIAL AND STUDY METHOD 
 
The designed technology contains pretreatment units such as: mechanical and automatic grate, 
collector and pumping station that sends the water to the primary level of treatment, designed 
as a primary decanter from which the reduction of matter in a suspended state is expected to 
the extent of 60% and of the need chemical for oxygen to the extent of 30%. 
  
The secondary treatment level is designed as a trickling filter and secondary decanter. After 
the treated water comes out of the secondary level, it is planned to pass into a disinfection unit 
before it is poured to the nearest water body. The sludge treatment unit is designed with these 
components: sludge thickener, sludge digester and sludge drying beds or mechanical 
dehydrator (depending on the season). 
The trickling filter technology is used for the following reasons: 
• For energy saving 
• Simplicity in operation and maintenance 
• Technology that has been implemented in the plants of other cities in Albania 
• Availability of large spaces 
• Satisfactory quality is obtained. 

2.1. Geomorphological indicators of the study area 
 In the southeast of the area, a very low-flow channel passes through the construction site, 
which will be used to discharge effluents from the urban wastewater treatment plant towards 
the Lana River. Planning the removal of water within the wastewater treatment plant is done 
by determining the water catchment areas and calculating the runoff water flow. 
The construction of the wastewater treatment plant in Kashar is part of the project for 
permitting the sewerage network in Tirana, which consists in the installation of the main and 
secondary sewerage network in the areas defined in the map below, in area A, B and 7 and 
the construction of the main collector using the microtunneling technique that will send the 
polluted water to the plant[1-4]. 
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Figure 1. Aerial view and schematics of the study area 

 
2.2. Study methodology. 

Prior to the actual treatment process itself, raw waters generally undergo a pre-treatment that 
involves a series of physical and mechanical steps designed to decant from the wastewater the 
largest possible number of materials whose nature or size would cause problems in subsequent 
treatment processes.  

The problems associated with the deficient quality of the raw water (septicity, large variations 
in flow and/or load, industrial effluents, etc.) inform the need for the pre-treatment to include 
other mechanical or chemical steps designed to improve the quality of those waters to ensure 
a better performance by downstream processes or avoid environmental issues. The use of a 
compact plant in small premises may be the most versatile solution, and significantly reduce 
the building work required[2][4]. 

 

Figure 2. Eight Stages of the Wastewater Process 
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• Stage One — Bar Screening 
Removal of large items from the influent to prevent damage to the facility’s pumps, valves and 
other equipment. The process of treating and reclaiming water from wastewater (any water 
that has been used in homes, such as flushing toilets, washing dishes, or bathing, and some 
water from industrial use and storm sewers) starts with the expectation that after it is treated 
it will be clean enough to reenter the environment.  

The quality of the water is dictated by the Environmental Protection Agency (EPA) and the 
Clean Water Act, and wastewater facilities operate to specified permits by National Pollutant 
Discharge Elimination System (NPDES). According to the EPA, The Clean Water Act (CWA) 
establishes the basic structure for regulating discharges of pollutants into the waters of the 
United States and regulating quality standards for surface waters. Under the CWA, EPA sets 
wastewater standards for industry. The EPA has also developed national water quality criteria 
recommendations for pollutants in surface waters. EPA's National Pollutant Discharge 
Elimination System (NPDES) permit program controls discharges.  

As an example of expected standards, the Biochemical Oxygen Demand (BOD) of average 
wastewater effluent is 200 mg/L and the effluent after treatment is expected to be >30 mg/L. 
It is crucial a wastewater facility meets these expectations or risk stiff penalty. The 
physical process of wastewater treatment begins with screening out large items that have 
found their way into the sewer system, and if not removed, can damage pumps and impede 
water flow. A bar screen is usually used to remove large items from the influent and ultimately 
taken to a landfill[2]. 

• Stage Two — Screening 
Removal of grit by flowing the influent over/through a grit chamber. Fine grit that finds its 
way into the influent needs to be removed to prevent the damage of pumps and equipment 
downstream (or impact water flow). Too small to be screened out, this grit needs to be 
removed from the grit chamber. There are several types of grit chambers (horizontal, aerated 
or vortex) which control the flow of water, allowing the heavier grit to fall to the bottom of 
the chamber; the water and organic material continue to flow to the next stage in the process. 
The grit is physically removed from the bottom of the chamber and discarded[2]. 

• Stage Three — Primary Clarifier 
Initial separation of solid organic matter from wastewater. Solids known as organics/sludge 
sink to the bottom of the tank and are pumped to a sludge digestor or sludge processing area, 
dried and hauled away. Proper settling rates are a key indicator for how well the clarifier is 
operating. Adjusting flow rate into the clarifier can help the operator adjust the settling rates 
and efficiency. 

After grit removal, the influent enters large primary clarifiers that separate out between 25% 
and 50% of the solids in the influent. These large clarifiers (75 feet in diameter, 7½ inches at 
the edges and 10½ feet in the center as an example) allow for the heavy solids to sink to the 
bottom and the cleaner influent to flow. The effectiveness of the primary clarification is a 
matter of appropriate water flow. If the water flow is too fast, the solids don’t have time to 
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sink to the bottom resulting in negative impact on water quality downstream. If the water flow 
is too slow, it impacts the process up stream. 

The solids that fall to the bottom of the clarifier are known as sludge and pumped out regularly 
to ensure it doesn’t impact the process of separation. The sludge is then discarded after any 
water is removed and commonly used as fertilizer[2].  

• Stage Four — Aeration 
Air is pumped into the aeration tank/basin to encourage conversion of NH3 to NO3 and 
provide oxygen for bacteria to continue to propagate and grow. 

Once converted to NO3, the bacteria remove/strip oxygen molecules from the nitrate 
molecules and the nitrogen (N) are given off as N2↑ (nitrogen gas). 

At the heart of the wastewater treatment process is the encouragement and acceleration of the 
natural process of bacteria, breaking down organic material. This begins in the aeration tank. 
The primary function of the aeration tank is to pump oxygen into the tank to encourage the 
breakdown of any organic material (and the growth of the bacteria), as well as ensure there is 
enough time for the organic material to be broken down. Aeration can be accomplished by 
pumping and defusing air into the tank or through aggressive agitation that adds air to the 
water. This process is managed to offer the best conditions for bacterial growth. Oxygen gas 
[O2] levels below 2 ppm will kill off the bacteria, reducing efficiency of the plant. Dissolved 
oxygen monitoring at this stage of the plant is critical. Ammonia and nitrate measurements 
are common to measure how efficient the bacteria are in converting NH3 to N2↑. A key 
parameter to measure in wastewater treatment is Biochemical Oxygen Demand (BOD). BOD 
is a surrogate indicator for the amount of organic material present and is used to determine 
the effectiveness of organic material breakdown. There are a number of other tests used to 
ensure optimal organic material breakdown (and BOD reduction) such as measuring pH, 
temperature, Dissolved Oxygen (DO), Total Suspended Solids (TSS), Hydraulic Retention 
Time (flow rate), Solids Retention Time (amount of time the bacteria are in the aeration 
chamber) and Mixed Liquor Suspended Solids. Ongoing and accurate monitoring is crucial 
to ensure the final required effluent BOD[2]. 

• Stage Five — Secondary Clarifier 
Treated wastewater is pumped into a secondary clarifier to allow any remaining organic 
sediment to settle out of treated water flow. 

As the influent exits the aeration process, it flows into a secondary clarifier where, like the 
primary clarifier, any very small solids (or fines) sink to the bottom of the tank. These small 
solids are called activated sludge and consist mostly of active bacteria. Part of this activated 
sludge is returned to the aeration tank to increase the bacterial concentration, help in 
propagation, and accelerate the breakdown of organic material. The excess is discarded.  

The water that flows from the secondary clarifier has substantially reduced organic material 
and should be approaching expected effluent specifications[2]. 
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• Stage Six — Chlorination (Disinfection) 
Chlorine is added to kill any remaining bacteria in the contact chamber. 
With the enhanced concentration of bacteria as part of the aeration stage, there is a need to 
test the outgoing effluent for bacteria presence or absence and to disinfect the water. This 
ensures that higher than specified concentrations of bacteria are not  released into the 
environment. Chlorination is the most common and inexpensive type of disinfection, but 
ozone and UV disinfection are also increasing in popularity. If chlorine is used, it is important 
to test for free-chlorine levels to ensure they are acceptable levels before being released into 
the environment[2]. 

• Stage Seven — Water Analysis & Testing 
Testing for proper pH level, ammonia, nitrates, phosphates, dissolved oxygen, and residual 
chlorine levels to conform to the plant’s NPDES permit are critical to the plant’s 
performance. 
Although testing is continuous throughout the wastewater treatment process to ensure optimal 
water flow, clarification and aeration, final testing is done to make sure the effluent leaving 
the plant meets permit specifications. Plants that don`t meet permit discharge levels are 
subject to fines and possible incarceration of the operator in charge [2][4]. 

• Stage Eight — Effluent Disposal 
After meeting all permit specifications, clean water is reintroduced into the environment. 
Although testing is continuous throughout the wastewater treatment process to ensure optimal 
water flow, clarification and aeration, final testing is done to make sure the effluent leaving 
the plant meets permit specifications. Plants that don’t meet permit discharge levels are 
subject to fines and possible incarceration of the operator in charge [2]. 

 

3. RESULTS AND DISCUSSION 
 
The objective of the implementation of the project for Tirana is to improve the sanitary 
conditions of the city and stop the flow of untreated sewage into the Lana River and improve 
water quality. Such a goal is associated with positive influences. The project as a whole has 
positive impacts. 

In the aquatic environment and public health through the improvement of water quality in the 
operational phase: 

• Collection and treatment of untreated wastewater before discharge into rivers will improve 
water quality in rivers and improve the river environment. 

• A proper sewage collection, treatment and disposal system will reduce the risk of parasites, 
infections and the prevalence of various diseases. 

• Proper treatment of wastewater will minimize the chances of soil and surface water 
contamination. 

• The ecological environment will be preserved by minimizing damage to flora and fauna. 
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• Beneficial reuse of wastewater and sludge eg. for agricultural activities, green belt 
developments, cement. 

 In the social environment through increased employment opportunities both in the 
construction and operation phases: 

• Reducing road congestion and improving aesthetics. 

• Increasing economic activities (both commercial and industrial), improving employment 
opportunities and economic growth. 

• Improvements in public health, which will then result in higher economic activity and 
productivity. 

• Local employment opportunities during the construction phase of the project, either as direct 
construction labor or to provide services at construction camps. 

 

Figure 3. Effect of Sewage Treatment Plant Effluent on Water Efficiency  

4.CONCLUSIONS 

• Putting the polluted water treatment plant into operation will enable the improvement of 
the quality of Tirana rivers and the achievement of the physico-chemical parameters of 
the water after treatment set according to the EU. 

• The implementation of this project has a negative environmental and social impact, but 
this impact is temporary during the construction phase. 

• The plant during the operation phase will have positive environmental and social impacts. 
• The technology used in the plant is a simple technology in monitoring and operation and 

has found application in other plants in Albania. 
•  
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Use of Activated Carbon for Drinking Water Treatment 
Case study: Bovilla Water Supply and Purification Plant  

 
Jera Xhelilaj, Kristilda Lala 

 Department of Environmental Engineering, Faculty of Civil Engineering, Polytechnic University of Tirana   
 

Bovilla Reservoir is a significant hydro-technical project in Albania. The study examines 
water treatment procedures at the Bovilla Plant, emphasizing the use of activated carbon. The 
plant can process up to 1800 l/s of surface water, meeting European quality standards. Water 
treatment involves various stages such as coagulation, flocculation, sedimentation, and 
filtration, including rapid sand filters. Chemical dosing pumps ensure precise chemical 
dosing, with a dedicated department for chemical storage. Treated water undergoes rapid sand 
filtration and automatic backwashing to maintain filter efficiency. Electronic monitoring 
systems track pH, temperature, turbidity, and free chlorine for optimal treatment. Upgrades 
in 2010-2011 improved efficiency in the chemical department, filters, flocculates, control 
systems, and laboratory. 
The Bovilla Reservoir, created by damming the Tërkuzë River, collects water for treatment, 
with varying levels throughout the year. The study also addresses taste and odour concerns in 
drinking water, highlighting the identification of problematic compounds. Microorganisms, 
algae, and treatment methods are discussed in relation to taste and odour issues, focusing on 
the challenges of using powdered activated carbon. 
In conclusion, the research offers a detailed look at water treatment processes, quality 
monitoring, reservoir features, taste and odour concerns, and the use of activated carbon at 
the Bovilla Plant. It demonstrates the plant's dedication to providing safe, high-quality 
drinking water to the local community. This thorough analysis highlights the plant's 
unwavering commitment to delivering superior drinking water to the region. 
 
Keywords: Bovilla Plant, drinking water treatment, activated carbon. 

1. INTRODUCTION  

Taste and odour control is a significant concern for drinking water suppliers globally. 
Consumer complaints often revolve around unpleasant taste or odour in the drinking water 
[1]. Consumers are highly sensitive to changes in the taste and smell of their drinking water 
due to the low perception threshold of odour compounds (10–20 mg/L). While there are no 
specific mandates for taste and odour levels in drinking water, the World Health Organization 
guidelines [2] that these qualities be acceptable to prevent consumer dissatisfaction. 
The Bovilla reservoir, situated 15 km North-East of Tirana, the capital of Albania, is a vital 
hydro-technical structure in the country that provides drinking water to Tirana. The water 
utility in the investigated area treats water from Bovilla reservoir and supplies 60% of Tirana 
city. Since autumn 2001, the reservoir has faced an unpleasant musty-earthy taste and odour 
problem, which is the second most common cause of odour issues after chlorine [3]. Geosmin 
(GSM) and 2-methylisoborneol (MIB) are the main off-flavour compounds responsible for 
this problem, produced by cyanobacteria [4] and actinomycetes [5]. Actinomycetes have long 
been linked with musty-earthy odours in water [6], but their actual role to odour in freshwater 
was unknown. Geosmin and other earthy–musty compounds produced in the terrestrial 
environment may be transported into water by runoff. [7, 8, 9]. In a study done in 2010-2013 
Kullaj et al. 2013 [10] show that maximum level of actinomycetes count is associated with 
maximum levels of FTN (Flavour threshold number). Actinomycetes are very resistant to 
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treatment processes, they can colonize the structures of the drinking water plant through the 
spores favouring the production of odour-causing compounds in finished water [11] so 
traditional treatment processes are usually inadequate in removing many of these micro 
pollutants and more advanced processes such as ozonation and activated carbon treatment are 
required. 
This reservoir is a warm monomictic water body and stratifies higher in the summer season. 
The predominant trophic state of Bovilla reservoir is oligotrophic. The reservoir has a 
hydraulic residence time 1.5 years [12]. The plant treats 1800 L/s raw water using oxidation, 
coagulation and flocculation, sedimentation, filtration and disinfection. Figure 1 gives a 
simplified overview of the treatment process. 

 

Figure 1. Treatment scheme of raw water in Bovilla plant  
 

The Boville water treatment plant employs advanced methods such as powdered 
activated carbon (PAC) treatment to address seasonal taste and odor incidents. Challenges in 
predicting the required PAC doses can lead to under dosing, resulting in consumer complaints, 
or overdosing, leading to high treatment costs [13]. Factors affecting adsorption capacity 
include the presence of competing compounds for adsorption sites on activated carbon, 
disinfectants that can oxidize the carbon surface, contact time, mixing conditions, point of 
dosing, and coagulant presence. 

The main goal of this study is to predict the necessary PAC doses for treating water 
from the Bovilla reservoir with taste and odor issues. The study aimed to evaluate the impact 
of NaOCl and other chemicals in the treatment process on removing actinomycetes and to 
determine the taste and odor removal efficiency of three types of activated carbons with 
varying iodine numbers. 

 
2. MATERIALS AND METHODS 

2.1 Sampling sites and experiments 

Three were the sampling sites in WTP (water treatment plant). Site 1 represents raw water 
taken in the inlet of the plant. Site 2 represents water taken after coagulation, flocculation and 
sedimentation. Site 3 represents finished water. In the table below are shown the chronology 
of events and investigations. 

 
Table 1. Chronology of events and investigations 
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Chronology of events and investigations Event 
Date Event May 2021-May 2023  Quality and Sensory analysis of raw water on 

a weekly frequency. 
May 2021-May 2023  
September 2023- November 2023 

PAC adsorption experiments.  
Laboratory scale experiments using different 
doses of chemicals and applying optimized 
doses in full scale. 

September 2023- December 2023 PAC adsorption experiments using three types 
of PAC. 

 
2.2 Analyses 

Water samples were taken in sterile conditions and were analysed in the sampling day. 
The values of turbidity were measured using a turbid meter (WTW Turb 430IR model). pH 
values were measured with a pH meter (WTW ino Lab multi 740 model). Other parameters 
analysed in the laboratory of Bovilla WTP: Water temperature, ammonium, permanganate 
index, faecal streptococci and actinomycetes. Physical and chemical parameters were 
analysed according to Standard Procedures [14]. Faecal streptococci were identified by 
membrane filtration and was used AZIDE-NPS nutrient media. For the determination of 
actinomycetes 100 ml of raw water, was used. The water was filtered on a sterile green 
membrane filter with a pore size of 0.45 µm (Whatman). The medium used was actinomycetes 
NPS (DR. MÖLLER & SCHMELZ GmbH). 

 
2.3 Flavour threshold test 

Flavour threshold test (FTT) were determined by the dilution method [14]. Samples for 
determination of FTN (flavour threshold number) were collected from the intake of Bovilla 
WTP. These samples represented the 20-25 m depth waters of the lake and were analysed as 
soon as possible to avoid chemical and biological reactions which may possibly be able to 
modify the taste of water. A series of eight glass beakers was used. The water sample judged 
to be with taste was diluted with taste free water to a volume of 200 ml. The water was tested 
by a panel of six testers. To each tester was presented first the reference water, followed by 
the most dilute sample. From one to three additional blanks were inserted in the series. The 
flavour threshold number is the dilution ratio at which flavour is just detectable. 
2.4 PAC adsorption experiments 

In this study three commercially available PACs were employed. The PACs were dried 
in an oven at 105 o C for 24 h, then cooled and stored in a desiccator prior to use. Table 2 lists 
some characteristics of the PACs tested. 

 
Table 2. Characteristics of powdered activated carbons (PACs) used in this study. 

PAC Iodine number m/g Density Kg/m3 Ash content %m/m Granulometry <150 µm 
% m/m 

1 850 480 7.8 98 
2 1000 450 6.2 95 
3 1190 415 5 100 

 
          The removal efficiency of taste and odour of PAC was determined using a jar test 
procedure. Six 2000- ml square jar test beakers were used and filled with 1000 ml of raw 
water. A PAC stock solution was prepared (1% = 10000 ppm) and concentrations of 4, 7, 10, 
13 and 15 mg/L added to raw water which had taste and odour. The carbon was added to the 
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water while mixing at 300 revolutions per minute for 30 seconds prior to the addition of other 
chemicals .A control containing no carbon was also prepared. The same coagulant and dose 
as being used at the plant was added to each jar and the same dose of chlorine and acid at the 
same concentrations as being used on the plant. Stirring at 300 rpm continued for 5 minutes 
after the addition of other chemicals. Thereafter the mixing speed was reduced to 60 rpm and 
stirring continued for 2 hours. The samples were left to settle for another 30 minutes. The 
water was then filtered through a filter paper (Whatman No. 1 equivalent) and analysed for 
taste. 
 
3. RESULTS AND DISCUSSION 

3.1 Quality and Sensory analysis of raw water  
 

In the table 3 are show quality and sensory parameters of water analysed in three sites 
during the monitoring period. This monitoring period implicates two situation of the water 
quality: One situation with no taste (normal period) and the other situation with earthy taste 
(taste period). A study have shown that maximum levels of flavour threshold number (FTN) 
are observed in the same period where actinomycetes are frequent, suggesting an important 
role on the production of musty-earthy odour. And in fact in our study during the beginning 
of the bad taste are observed differences in water parameters after coagulation in comparison 
with the period with no taste. In site 2 of monitoring actinomycetes and faecal streptococci 
begins to appear. These parameters, when the taste begins have an incensement in the raw 
water. They survive in flocculates because of low concentration of chlorine. Chlorine is added 
in the rapid mix section of the WTP. In this section after problems of earthy odour occurs, 
PAC is added. PAC adsorbs the chlorine favouring the development of microorganisms in 
flocculates. 
 

Table 3. Characteristics of water in three sites of monitoring. 

Parameter Unit  Normal 
period 

  Taste 
period 

 

  Raw 
water 

Water after 
coagulatio

n 

Finished 
water 

Raw 
water 

Water after 
coagulation 

Finish
ed 

water 
Water 

temperature 
°C 10.8 10.3 10.9 10.92 10.2 11.0 

pH  8.08 7.68 7.88 8.03 7.65 7.85 
Turbidity NTU 5.42 0.55 0.01 7.55 1.23 0.01 

Permangana
te index 

mg/LO2 .95 0.57 0.57 .98 0.61 0.60 

Ammonia mg/L 
NH4 + .025 0 0 .032 0 0 

Free 
residual 
chlorine 

Mg/L Cl 0 0.73 0.88 0 0.09 0.94 

Fecal 
streptococci 

Cfu/100 
ml 54.27 0 0 120.16 0.32 0 

Actinomycet
es 

Cfu/100 
ml 16.27 0 0 89.78 0.15 0 
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FTN  0 0 0 13.18 0.031 0.025 
 
 
3.2 PAC adsorption experiments 
          PAC adsorption experiments have been carried out during the taste season (September 
2013- November 2013). During this period the raw water had a flavour threshold number 
average 20 FTN. The powdered activated carbon used for that experiment had an iodine 
number 1000 mg/L. The jar test procedure was used with the same chemical and doses as 
being used on the plant in normal conditions. In table 4 are shown results of jar test, using 
different doses of PAC in order to remove the earthy taste. 

Table 4. Jar test results using different PAC doses. 

 Data Coagulant  
mg/L 

HCl 
mg/L 

Chlorine 
mg/L 

PAC 
mg/L B 

Jar 1 control 10 10 3 0 0 
Jar 2 10 10 3 4 47 
Jar 3 10 10 3 7 78 
Jar 4 10 10 3 10 95 
Jar 5 
Jar 6                                  

10 
10 

10 
10 

3 
3 

 13 
 15 

100 
100 

Raw water: pH=8.15 
Turbidity = 13 NTU 

Water temperature: 11.9 
°C  

FTN=24 

     

 
          Results have shown that for the removal of taste from the water of Bovilla is needed a 
PAC dose between 10 and 13 mg/L. The control jar demonstrates that classical method of 
the water treatment is inadequate in removing earthy taste from water. 
3.3 Laboratory scale experiments using different doses of chemicals 
          During the taste season bacterial load in the flocculates is present and the flavour 
threshold number is higher in comparison with raw water (when the PAC begins to be 
dosed), for this reason , laboratory scale experiments were done with different doses of 
chemical in order to remove better the taste. In table 5 are given the results of jar test.                                
In these experiments the dose of PAC was kept 10 mg/L, a value take out from PAC 
adsorption experiments. Results have shown that increasing the doses of chemical, the odour 
is removed with e PAC dosage 10 mg/L with 100 % removal efficiency. 

Table 5. Jar test results using different doses of chemicals. 

 Data Coagulant  
mg/L 

HCl 
mg/L 

Chlorine 
mg/L 

PAC 
mg/L pH Turbidity 

NTU 
% 

Removal 
Jar 1  10 10 3 0 7.73 1.53 0 
Jar 2 10 10 5 7 7.75 1.51 83 
Jar 3 10 13 5 7 7.63 1.51 90 
Jar 4 15 13 5 7 7.54 0.94 93 
Jar 5 15 12 5 10 7.51 0.86 100 
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Raw water: 
pH=8.18 Turbidity 
= 10 NTU Water 
temperature: 11.4 

°C  
FTN=24 

     

  

 
3.4 Applying optimized doses in full scale 
          Optimized dosages are been applied in full scale. Results shown in table 6 are referred 
to parameters measured after a week treatment with optimized chemicals doses. Results have 
shown that during the taste season is necessarily applying higher doses of chemical than in 
normal period. As the PAC adsorbs the chlorine, higher dose is need for the oxidation and 
disinfection to occur properly. A higher dose of coagulant and acid is needed to form more 
flocks to bind the microorganisms. So actinomycetes and faecal streptococci are removed 
from flocculates, from the bottom by a mechanical sludge removal. The presence of 
coagulants or chlorine or both enhanced the removal of taste. 
 

Table 6. Water parameters after applying optimized doses of chemicals. 

Parameter Unit Raw water Water after 
coagulation 

Finished 
water 

Water temperature °C 11.0 10.8 11.1 
pH  8.17 7.58 7.83 

Turbidity NTU 10.3 0.88 0.01 
Permanganate index mg/LO2 .96 0.51 0.50 

Ammonia mg/L NH4 + .032 0 0 
Free residual 

chlorine 
Mg/L Cl 0 0.20 0.98 

Fecal streptococci Cfu/100 ml 230 0 0 
Actinomycetes Cfu/100 ml 84 0 0 

FTN  23 0 0 
 
3.5   PAC adsorption experiments using three types of PACs. 
          The AWWA standard for PAC specifies a minimum iodine number of 500 mg/g [15]. 
WTP of Bovilla uses an activated carbon with an iodine number minimally 900 mg /L. In our 
study a jar test procedure is done to establish the removal efficiency of taste and odour by 
three types of activated carbons with different iodine number. Results have shown that a PAC 
with high iodine number removes better the earthy taste from water (Table 7). However, a 
high iodine number is not necessarily an indication that a PAC will be effective in adsorbing 
the target compounds. A study has shown [16] that a high iodine number is not a guarantee of 
effective geosmin removal. In case of Bovilla water, taste removal efficiency was related with 
the iodine number of powdered activated carbon. 
 

Table 7. Effective removal dose and with iodine number. 

PAC Iodine number 
mg/g 

Effective removal 
dose mg/l 

1 850 13 
2 1000 10 
3 1190 7 
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4. CONCLUSION 

This study provided important information in optimizing water treatment practices for 
the effective removal of earthy taste from water. Results from this study indicate that:  

The document highlights the inadequacy of traditional water treatment practices in 
effectively removing bad taste from water, particularly in the case of the Bovilla Water Supply 
and Purification Plant. It mentions that during the taste period, characterized by earthy taste 
issues, the traditional methods employed at the plant, such as coagulation, flocculation, 
sedimentation, and filtration, were insufficient in addressing taste and odor concerns. 

During the taste season, it is indeed necessary for the Water Treatment Plant (WTP) to 
apply higher doses of chemicals than during the normal period in order to effectively remove 
the undesirable taste from the water. This is due to several factors outlined in the document. 
Firstly, during the taste season, there is an increased bacterial load in the flocculates, which 
contributes to the heightened flavor threshold number (FTN) and the presence of taste and 
odor compounds in the water. To combat this, higher doses of chemicals are required to ensure 
thorough removal of these compounds. Secondly, the presence of powdered activated carbon 
(PAC), which is added to address taste and odor issues, can adsorb chlorine, thus necessitating 
higher doses of chlorine and other chemicals for proper oxidation and disinfection to occur. 
Lastly, higher doses of coagulant and acid are needed during the taste season to form more 
flocks, which help bind microorganisms like actinomycetes and faecal streptococci, aiding in 
their removal from the water. 

Powdered activated carbon (PAC) can indeed effectively remove taste and odor 
compounds from water when the correct dose is applied. The document highlights that PAC 
adsorption experiments were conducted to determine the optimal dosage for removing earthy 
taste from water at the Bovilla Water Treatment Plant. The jar test results presented in the 
document demonstrate that a PAC dose between 10 and 13 mg/L was effective in removing 
the earthy taste from the water. These experiments were carried out during the taste season, 
when the water had a higher flavor threshold number (FTN), indicating the presence of taste 
and odor compounds. Furthermore, the results show that the control jar, which did not contain 
any PAC, was unable to adequately remove the earthy taste from the water, emphasizing the 
importance of PAC in taste and odor control. Therefore, when applied at the correct dosage, 
PAC can be a valuable tool in water treatment processes for effectively removing taste and 
odor compounds, ultimately improving the quality and palatability of drinking water 
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Structural Facades. Case of “Forever Green Tower” in Tirana  
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The modern construction field has seen significant advancements in city design and city 
skyline with the facade playing a crucial role in both aesthetics and functionality. The 
relationship between facade and tall buildings is conditioned by several factors such as 
climatic conditions, construction material, structural stability, and architectural aesthetics. 
Tirana as the capital of Albania, has undergone rapid growth in recent years which has 
influenced its vertical development, aiming to efficiently util ize the territory for various 
functions and facilitating the accommodation of people migrating within the territory of the 
Albanian state towards the capital city, Tirana. The aforementioned factors will play a key 
role in achieving the aim of this study, which will identify issues in the design of external 
cladding of tall buildings. Given that, the facade is a structural element that faces external 
forces, earthquakes, building movements, sudden temperature changes, the impact force of 
rain, atmospheric pollution, and corrosion. This paper provides a general overview of the 
literature on this topic and offers a thorough analysis of the factors that need to be considered 
during the selection of the facade typology to be used. The objective of this study wil l be 
achieved through the collection and analysis of various factors that are primary in the behavior 
of facades. Through modeling and extracting results from computer programs such as 
ETABS, the influence of the structural facade on the structure of the "4 Ever Green Tower’ 
located in Tirana will be analyzed. This object is one of the tallest in the Balkans. Comparative 
analysis of the modeled building without facade load and with its load will provide us with 
the results we expect from this study. The results of this study are particularly important in 
terms of the design and construction of tall buildings with very good structural, architectural 
performance, and comfort that the facade offers to the buildings.  

 
Keywords: Structural facade, tall buildings, external forces, structural stability, 
architectural aesthetics, comparative analysis. 

1. INTRODUCTION  

The chosen case study of Tirana Forever Green Tower is considered as one of the tallest 
buildings in the Balkans. The tower is 95 meters tall and serves as a multifunctional building. 
The total building occupies an area of more than 12,400 square meters. The building has 26 
above-ground floors and 6 underground floors, specifically divided as follows: 6 floors for 
offices; 15 floors for a hotel; 2 floors for a restaurant on the terrace; and 3 floors for technical 
rooms. In the 6 underground floors, 5 floors are designated for parking, and on the -1 floor, 
there is a commercial space. 

The building consists exclusively of an external reinforced concrete structure, constructed 
with cast-in-place concrete walls (which form the facade of the building). The facade is clad 
with precast panels with a double-layer of concrete, colored from the outside, composed of 
marble dust and river gravel, with the addition of oxides and necessary additives to achieve 
the desired colors and textured surface. In total, there are 1200m² of precast panels and 1300 
linear meters of corner panels. The structural calculation scheme involves reinforced concrete 
shear walls, and the floor slabs in both directions are Cobiax slabs, 25cm thick, with 
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lightweight fillers in the form of hollow blocks (composite material). 
 

 
 

 
 
 
 
 
 
 

 
Figure 1. The external core of the building - Cast-in-place walls. 

 
2. Determination of loads acting on the structure 

 
The load analysis has been conducted taking into account the technical condition in force and 
Eurocode. Referring to the main loads acting on the first layer of the façade consists of 
windows. The windows are realized as open spaces left during the concrete phase and are 
made of W4750 type aluminium and Larson composite panels. 
 
Regarding the windows, there have been identified the following specifications: W4750 
Aluminium is an advanced aluminium system that provides elegant design and maximum 
safety with the highest thermal insulation requirements. This element provides four 
unparalleled advantages: i) Use of reinforced polyamides reinforced with glass and foam 
insulation material, providing high insulation level; ii) High-performance water resistance 
EPDM central gasket; iii) Advanced perimeter closure mechanism in a system offers an 
exceptional thermal insulation that constitutes an ideal solution for high-level residential and 
commercial projects that require high-energy efficiency performance with high design scale 
along with high functionality and iv) Visible aluminium with a width of 102 mm with the 
advanced ALU16 closing mechanism which provides more security and higher protection. [1] 
[2] 
 
Regarding the panels, there have been identified the following specifications: It is being used 
a Larson composite panel which is considered a high-tech product for architectural cladding 
of facades. It is formed with two aluminium sheets, alloy 5005, bonded by a mineral core. 
The panel thickness is 6mm and the corresponded panel weight is 11.06 kg/m2. The standard 
width is 1500mm and the rigidity (EI) is calculated as 6 041 kNcm2/m where the moment of 
inertia (I) is 8630 mm4/m. [1] [2] 

3. LINEAR ANALYSIS OF THE STRUCTURE  

The structure will be modeled in the ETABS program based on the structural plan. Initially, 
a linear analysis of the structure without façade load will be performed to observe its behavior. 
Subsequently, the façade of the structure will be added to the model, and a second analysis 
will be conducted to assess the influence of the façade on the structural characteristics, 
including periods, displacements, and drifts. Upon completion of the analyses, it can be 
possible to review the results to understand how the addition of the facade affects the 
performance of the structure. In the figure below it can be noticed the overall structural plan 
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of the building and also there have been given several data considerations for the linear 
analysis of the building without considering the façade load. 

The considered calculated model of the considered load from the panel acting on the building 
façade is given below and the respective calculations required. 

 
3.1 The influence of the facade on the internal stresses of the wall where it is attached 
 

                                 𝑃 = 𝑃e + 𝑃𝑝a𝑛e𝑙 

                                                                                           𝑃𝑝a𝑛e𝑙= 11.06 kg/m2 * 
365

2
 = 20 kg/m 

 
 

 
Figure 2. The idealized scheme in the ETABS program 

The force of wind acting on the structure depends on the wind pressure, the shape and 
height of the structure, and is calculated using the formula: 

 𝑃e = 𝑘 ∗ 𝑘a ∗ 𝑃0   in kg/m2                                                           Table 1. The value of 
coefficient Ka.[4] 

 Where: 

k – aerodynamic coefficient considering the shape of 
the structure                                                                                                                         
ka – coefficient considering the height of the object                                                                                            
P0 – wind pressure                                                                                                                                                   
k = +0.8; -0.6 (table 3 KTP 7-
78)                                                                                                                             
ka = 2.2 (table 1 KTP 7 -78) [4] 

 

𝑃e = 0.8 * 2.2 * 40 = 70.4 kg/m2 * 3.65

2
= 128 kg/m 

Referring the calculation in Ultimate Limit State (ULS): 

P = 1.35 (D) + 1.5 (Wp) = 1.35 * Ppanel + 1.5 Pe = 1.35 * 20 + 1.5 * 128 = 219 kg.                                                       
Therefore, the worst case loading for the bolt will be 219 kg. 

The height of the 
object from the 

construction site to 
m. 

10 20 40 100 

Ka 1.0 1.3 1.7 2.2 

For intermediate values, the coefficient 
Ka is calculated using interpolation. 
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Figure 3. The idealized scheme in the ETABS program 

Verification of stresses for Ultimate Limit State (ULS): 

𝜎 𝐸𝑑

𝜎 𝑅𝑑
= 1 

𝝈 𝑬𝒅  The stress at the edge of the concrete due to external load (Tensile stresses)  

𝝈 𝑹𝒅  The stress at the edge of the concrete 

𝝈 𝑬𝒅 = 𝟏. 𝟑
𝒅𝒂𝒏

𝒄𝒎 𝟐
 

𝝈 𝑹𝒅   = 𝒇𝒄𝒕𝒅 the design tensile strength of concrete 

𝒇𝒄𝒕𝒅 =  𝒇𝒄𝒕𝒅
𝒇𝒄𝒕𝒌 𝟎. 𝟎𝟓

𝜸 𝒄
= 𝟏 ∗

𝟐𝟎

𝟏. 𝟓
= 𝟏𝟑. 𝟑𝟑 𝑴𝒑𝒂 ൬

𝒅𝒂𝑵

𝒄𝒎𝟐
൰ 

𝟏.𝟑

𝟏𝟑.𝟑𝟑
= 𝟎. 𝟏 ≤ 𝟏  The tensile stresses induced in concrete by the bolt are very small  

In order to best consider the effect of the panels loads to the rest of the building structure there 
have been analyzed two main cases; the first case is referred to the building façade without 
considering the loads coming from the panels and the second case is referred to building 
analyses while also considering the façade loads acting on the structure. A comparison is done 
in this regard and the main results are presenting below. 
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Figure 4. Building structural plan (source: authors 2024) 
 
Useful general data on building: 
Floor height → 3.65 m; 
Number of floors → 26 floors; 
Maximum ground acceleration → ag=0.3g;  
Seismic Category (according to EC-8) → C;  
Response Spectrum → Type 1; 
Ductility Class → DCM (medium ductility class)  
Materials: Concrete → C40/50; fck = 40 MPa; Ec = 35 Gpa; 
Loads: 
Permanent load on the slab → 150 daN/m2; 
Distributed load of the walls on the slab → 200 daN/m2; 
Temporary load on the slab → 200 daN/m2; 
Seismic loads: 
The response spectrum is constructed based on Eurocode-8. 
From Table 3.2 in Eurocode 8, there have been derived the following values depending on 
the soil category: S=1.15 (soil factor) 
TB= 0.2s 
TC= 0.6s 
TD= 2s [3] 

 
Figure 5. Design spectrum (source: authors 2024). 
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In addition to the above information, the determination of the behavior factor "q" value [3] is 
also very important. According to Eurocode 8: The behavior factor "q" needs to be determined 
=>                                                            𝒒 = 𝒒𝟎𝒌𝒘 = 𝟑. Based on the formulas from 
Eurocode 8, it can be easily constructing the spectrum. [3] 

On the other hands the combination of loads and actions is based on Eurocode 1, 2, and 8. 
The following table provides the combinations used: [3] 

Table 1. The combination of loads (source: authors 2024). 

Combination Coefficient 

Combination Permanent 
Load 

Temporary 
Load 

Seismic 
Load in the 
X direction 

Seismic 
Load in the 
Y direction 

Wind Load 
in the X 

direction 

Wind Load 
in the Y 

direction 

DCON1 1.35 - - - - - 

DCON2 1.35 1.5 - - - - 

DCON3 1 0.45 1 0.3 - - 

DCON4 1 0.45 0.3 1 - - 

DCON5 1 0.45 - - 1 0.3 

DCON6 1 0.45 - - 0.3 1 

 

3.1 Structural analysis and presentation of results of the first case study without 
façade loads 

 

 

 

 

 

 

 

 
 

Figure 6. The model in ETABS, 3D-view, and sections  
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The main results regarding the modal analysis for the first mode of vibrations is been given 
below. There are no torsional coupling phenomena observed in this case. As it can been 
clearly seen the structure is moving in xy direction showing translative movement. 
 
 
 
 
 
  
 
 
                                                                                                                                    Mode 1                                                  

  
                                                                                                                       
 
 
 
 
 

Figure 7. Results of modal analysis for the first mode of vibrations 
 

Also, regarding the displacements and drifts results from the modal analysis according to 
Load Combination 4, they are been given in the table below. 

 
Table 2. Displacements and drifts according to Load Combination 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T=2.16 sek  
𝜔=2.9 𝑟𝑎𝑑/𝑠𝑒𝑘 
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The displacements are taken according to Load Combination 4 for reasons of the highest 
value. The allowable displacement at the peak is: Δ𝑟=Δ𝑒∙𝑞≤1200∙𝐻 (from the Eurocode EC-
8) 
Then:    Δ𝑒≤1200 ∙𝑞∙𝐻=1200∗3∗10780=17.9𝑐𝑚  
 
The maximum allowable elastic displacement at the peak of the building is 17.9 cm. The 
maximum elastic-plastic displacement is "q" times greater, thus 53.7 cm. The absolute 
displacement at the peak from the elastic analysis results in Δ𝒆 =14.43 cm, which is the 
smallest value allowed. While the full elastic-plastic displacement at the peak of the building 
is: Δ𝑟=Δ𝑒∙𝑞=14.43∗3=43.29𝑐𝑚. 
 

3.2 Structural analysis and presentation of results of the first case study with façade loads 
 
In the following case study, it was added the façade load. The façade load on the structure 
will be placed around the perimeter as a distributed load on each floor. Since the structure is 
modeled entirely with wall elements (Wall) as there are no columns and beams but only walls, 
then on the perimeter, it was placed beams but with zero stiffness, meaning the elasticity 
modulus for the beam is set to zero, and on these beams, we place the façade load. The façade 
load on the beam will be equivalent to the panel load we have determined above multiplied 
by a safety coefficient. So, on the perimeter beam, it was added a load of 60kg/m. 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                                               Mode 
1 
                                                                                                                                                                                       
  
 

 
 
 
 
 

Figure 8. Results of modal analysis for the first mode of vibrations 
 
Regarding the main displacements and drifts values there are given below. 
 
 
 
 
 
 
 

 

T=2.15 sek  
𝜔=2.91𝑟𝑎𝑑/𝑠𝑒
𝑘 
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Table 3. Displacements and drifts 
 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                            
         
 
 
 

 
 
 
 
 
 

4. COMPARISON OF TWO MODELS 
From the results of modal analysis, it can be observed that: 
         Mode 1 (Without façade load):                                             Mode 1 (With façade 
load):                                                  

     T=2.161 sek    𝜔 = 2.9079 𝑟𝑎𝑑/𝑠𝑒𝑘                                      T=2.156 sek    𝜔 = 2.9148 
𝑟𝑎𝑑/𝑠𝑒𝑘               

According to the displacement table, combination 4 shows that: 

The value of drift at the 26th floor: 

                    Without façade load:                                                             With façade load: 

                            0.3204                                                                                       0.3196 

The value of elastic-plastic displacements at the 26th floor: 

                    Without façade load:                                                             With façade load: 

Kati Lartësi Drifti q 
Zhvendo

sja 

m cm 
elasto-

plastike 

Story26 107.8 0.3196 3 43.1553

Story25 105.3 0.4725 3 42.1965

Story24 101.65 0.477 3 40.779

Story23 98 0.4826 3 39.348

Story22 94.35 0.4878 3 37.9002

Story21 90.7 0.4918 3 36.4368

Story20 87.05 0.4909 3 34.9614

Story19 83.4 0.4936 3 33.4887

Story18 79.75 0.4964 3 32.0079

Story17 76.1 0.4985 3 30.5187

Story16 72.45 0.5002 3 29.0232

Story15 68.8 0.5012 3 27.5226

Story14 65.15 0.5016 3 26.019

Story13 61.5 0.5012 3 24.5142

Story12 57.85 0.4997 3 23.0106

Story11 54.2 0.4977 3 21.5115

Story10 50.55 0.4947 3 20.0184

Story9 46.9 0.4907 3 18.5343

Story8 43.25 0.485 3 17.0622

Story7 39.6 0.479 3 15.6072

Story6 35.95 0.4652 3 14.1702

Story5 32.3 0.6123 3 12.7746

Story4 27.3 0.5971 3 10.9377

Story3 22.3 0.5683 3 9.1464

Story2 17.3 0.5179 3 7.4415

Story1 12.3 0.4755 3 5.8878

Story0 7.3 0.3059 3 4.4613

Story-1 3.65 0.2792 3 3.5436

Story-2 0 0.2386 3 2.706

Story-3 -3.65 0.225 3 1.9902

Story-4 -7.3 0.2208 3 1.3152

Story-5 -10.95 0.2176 3 0.6528

Base -14.6 0 3 0

0.4384 <1.217

0.2176 <1.217

0 <1.217

1.1812 <1.217

0.902 <1.217

0.6634 <1.217

2.4805 <1.217

1.9626 <1.217

1.4871 <1.217

4.2582 <1.217

3.6459 <1.217

3.0488 <1.217

5.6874 <1.217

5.2024 <1.217

4.7234 <1.217

7.1705 <1.217

6.6728 <1.217

6.1781 <1.217

8.673 <1.217

8.1714 <1.217

7.6702 <1.217

10.1729 <1.217

9.6744 <1.217

9.1742 <1.217

11.6538 <1.217

11.1629 <1.217

10.6693 <1.217

13.116 <1.217

12.6334 <1.217

12.1456 <1.217

14.3851 <1.217 

14.0655 <1.217

13.593 <1.217

Zhvendosjet dhe driftet sipas Komb-4 

Zhvendosje Drifti lejuar 
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                               42.2894                                                                                43.1553 

 
Figure 9. Comparison of displacements with load and without load. 

Red- Displacements with facade load     Blue- Displacements without facade load 

 
5. CONCLUSIONS AND RECOMMENDATIONS 

Based on the comparison of the two analyses and the results of the structure with façade load 
and without façade load, as well as the influence of the façade on the internal stresses of the 
wall where it is attached, the following conclusions have been reached:    

1. The facade in this case study hardly affects the intrinsic characteristics of the structure, 
as evidenced by the comparison of results concluded from graphs and tables processed 
by the ETABS program. This can be explained by the fact that the structure, regardless 
of its height, has a high stiffness because it consists solely of walls, which are good 
systems against displacements and drifts. 

2. The structure is not very tall to exhibit problems against wind loading, which would 
require a more comprehensive treatment later on. 

3. The country of Albania is characterized by high seismicity, and for this reason, 
structures are designed for seismic loads, comparing the seismic load with the facade 
load in the structure, the latter being much smaller. This results in a structure designed 
for a much larger load in which the façade, along with the wind load, does not pose 
significant problems. 

4. The installation of the facade seems to not impact the internal stresses of the wall. 
Anyway, it is recommended that the tensile/compressive stresses induced by the bolt 
should be much smaller than those allowed. 
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Analysis and Design of 5-MW Onshore Wind Turbine Under Wind Load 
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As the world struggles with the pressing need for sustainable energy solutions, renewable 
sources like wind energy have emerged as promising alternatives to fossil fuels. Using wind 
energy to create clean electricity, onshore wind turbines are an important  component of the 
renewable energy industry. In this regard, careful consideration must be given to the design 
and analysis of wind turbines to ensure both structural integrity and maximum performance. 
One of the most important elements in the functionality of wind turbines is foundation design, 
as it transfers and distributes structural loads safely to the ground. From blade design to tower 
construction, every element must be finely tuned to withstand environmental forces while 
maximizing energy output. With careful planning and innovation, these turbines can continue 
to play a pivotal role in meeting the world's growing energy needs while advancing towards 
a cleaner, more sustainable future. Investigating the performance of onshore wind turbine 
structures, this study aims to understand their response to various environmental and 
operational factors. Throughout their lifespan, wind turbine structures are subjected to dead 
load itself, seismic loads, aerodynamic loads, and operational loads. Understanding the loads 
is crucial for effective design, construction, and ongoing performance. Hence, this study 
focuses on the analysis of onshore wind turbine structures by using FAST (Fatigue, 
Aerodynamics, Structures, and Turbulence), an open-source software developed by the 
National Renewable Energy Laboratory (NREL). By integrating various physical domains 
such as aerodynamics, and structural dynamics into a comprehensive simulation by using 
FAST, it aims to gain insights into the dynamic behavior of a 5 MW onshore wind turbine 
structure by incorporating the effects of wind turbulence on the structure. 

 
Keywords: Wind turbine, Renewable energy, FAST. 

1. INTRODUCTION  

Despite it being one of the oldest sources of clean energy, wind energy is still considered one 
of the rapidly developing sources in the field, with room for further development. A major 
key in wind turbines’ performance and stability is understanding the different loads it is 
subjected to. These loads mainly include structural and environmental loads. Structural loads 
are the loads resulting from the mass of the structure which plays an important role in its 
stability. On the other hand, environmental loads include seismic, wind, and aerodynamic 
loads which could also be classified as dynamic loads. For environmental loads, a primary 
concern is that they behave in a cyclic pattern, meaning that they are applied to the structure 
over repeated cycles. An example of this behaviour is the wind loads which could lead to 
fatigue failure. Secondly, they are unpredictable, varying in load being applied. For instance, 
seismic loads and extreme wind conditions.[1] Therefore, when designing wind turbine 
structures, the ultimate strength and fatigue limits need to be investigated. In recent years the 
dynamic response of wind turbine structures, specifically the one caused by the wind loads, 
has been studied. In this study, however, the aim is to better understand the dynamic response 
by comparing different wind load effects on fatigue limit in normal operating conditions and 
Ultimate limit in extreme conditions. 
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Wind loads are one of the most crucial environmental loads in the wind turbine. Although it 
is key in determining the design aspects of wind turbines, wind load is a variant that can’t be 
controlled or predicted easily.  Wind speed changes in both magnitude and direction over 
time. Therefore, different mathematical representations are used to better showcase this 
variation. For its variation over shorter periods, power energy spectral density models are 
used. It represents the varying wind energy over a frequency domain, instead of a time 
domain. The two most used models are Von Karman and the Kaimal spectrum. In this study, 
the Kaimal spectrum is used as it is better at representing variation over small frequencies [1]. 
On the other hand, The Weibull probability distribution functions are used for long-period 
representation which is key in fatigue. A 10-minute mean wind speed is used with different 
return periods. For normal conditions, a 10 minute return period is used. For extreme events, 
however, a 50-year return period is more suitable. [1-3] 

Furthermore, based on these analytical representations, wind speed could be quantified using 
different parameters. The value of wind speed variations over a short period is defined as 
turbulence. A parameter that is used to describe it is the intensity. Which is the standard 
deviation obtained from the distribution function divided by the mean wind speed. Mean wind 
speed also varies over height, an effect that is known as wind shear. Due to the earth's rough 
surface, friction is induced on wind leading to a decrease in its speed. [3] In other words, the 
wind mean speed increases as the height from the surface increases. Wind profile functions 
could represent this effect. The most accurate ones are the logarithmic function and power 
function. This study will use the power function. According to the IEC standards [4], the 
power function is defined as 

𝑉(𝑧)  = 𝑉ℎ𝑢𝑏(
𝑧

𝑧ℎ𝑢𝑏
) 𝛼            ; 𝛼 = 0.2  

Where the alpha represents the shear power coefficient which relates to the surface 
roughness.  

2. MATERIALS AND METHODS 

2.1.  Wind Load Analysis 

Wind load analysis forms the basis for assessing the structural performance of onshore wind 
turbines. The OpenFAST (Fatigue, Aerodynamics, Structures, and Turbulence) software, an 
advanced aero-elasto-servo simulator developed by the National Renewable Energy 
Laboratory (NREL), facilitates comprehensive simulations integrating aerodynamics and 
structural dynamics. The analysis considers wind turbulence effects to accurately capture the 
dynamic behaviour of the turbine structure. 

In conducting the wind load analysis, simulations are performed for a duration of 660 seconds, 
ensuring a comprehensive assessment of the turbine's response to varying wind conditions. 
To minimize the impact of start-up transients, each simulation's time span is extended by an 
additional 60 seconds, with the initial 60 seconds of results discounted. This approach allows 
for a more accurate representation of the turbine's steady-state behavior under different wind 
scenarios. Additionally, it is generally recommended to initialize the rotor speed and blade-
pitch angle based on their expected (mean) value conditioned on the mean hub-height wind 
speed being simulated. Furthermore, the turbulent wind field generated by TurbSim is 
characterized with a grid size set to 31x31 points covering an area of 145x145 m². Table 1 
provides a concise summary of the wind turbine properties utilized in this study, based on the 
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Definition of 5-MW Wind Turbine by the National Renewable Energy Laboratory 
(NREL).[5] 

Table 1 

Definition Value 
Rated Power 5 MW 

Orientation Rotor  Upwind 
Number of Blades 3 

Rotor Diameter 126 m 

Height of Tower Above Ground 87.6 m 

Cut-In Wind Speed 3 m/s 
Cut-Out Wind Speed 25 m/s 
Rated Rotor Speed 12.1 rpm 

 
 
 
2.1.1. Load Cases 

In this study, the wind load analysis is conducted under both power production and parked 
load cases, specifically examining the structural responses such as the overturning moment, 
and the blade-root in-plane and out-of-plane moments. These metrics are crucial for 
evaluating the turbine's performance and stability across different scenarios. Using 
OpenFAST, the dynamic behavior of a 5-MW wind turbine IEC class 3A and 2B is thoroughly 
simulated and analyzed. The classification into wind class 3A indicates suitability for 
moderate wind conditions, while class 2B turbines are designed for slightly stronger wind 
conditions. Each classification aligns the turbine design with expected wind profiles to 
optimize performance, reliability, and safety. This approach is particularly advantageous for 
installations in regions prone to extreme wind conditions, ensuring that the turbine's design 
effectively mitigates risks while maximizing energy production. Notably, the analysis 
includes both normal turbulence model (NTM) and extreme turbulence model (ETM) for 
comprehensive assessment under varying wind conditions, with additional consideration 
given to extreme wind model (EWM) to account for the most demanding scenarios. 

Table 2. Definition of design load cases  

Load Case Description Wind 
Speed Yaw Turbulenc

e Shear Time Seed 

DLC12 Normal 
Production 3:2:25 0±8 NTM 0.2 660 1 

DLC 13 Normal 
Production 3:2:25 0±8 ETM 0.2 660 1 

DLC 62 Parked Grid 
Loss V50 5:10:35

5 EWM 0.11 660 1 

 
2.1.1.1.Fatigue Load Analysis 

To assess the fatigue loads, the DLC 1.2 load case is carried out under normal wind conditions. 
In this case, the performance and power production of the wind turbine under fatigue loads 
will be evaluated. As discussed before fatigue failure is caused not necessarily by huge loads 



 

486 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

but by moderate repetitive loads. Therefore, the Normal Turbine Model, NTM, which is 
defined as turbulence loads that affect the wind turbine structure while operating in normal 
conditions during its lifetime, is used. The turbulence intensity values for each class are used 
according to [table or formula](IEC-16400). The pitch angle is also adjusted to match the 
wind speed range. To take into consideration the yaw controller delay, a small yaw error of -
8, 0, and 8 are added. A time series will be carried out to analyse each yaw error over the wind 
range mentioned earlier. Random turbulence seeds were used per wind speed which makes 
the analysis length 36.  For this case, overturning moments are important. Using the obtained 
overturning moments a long-term distribution graph could be generated. In this part, however, 
we will just draw the comparison from the overturning moment graph of 2B and 3A which 
are plotted below.  

 

Figure 1. Maximum values of flapwise, edgewise, overturning moment and thrust force for 
DLC 1.2 

 
2.1.1.2.  Ultimate Load Analysis 

In order to assess the performance under extreme conditions, this load case is carried out. It 
has the same values as the previous case however this time Extreme turbulence Model was 
used to determine the turbulence parameter.  According to the IEC-16400 standards, equation 
20 is used to describe the standard deviation of extreme turbulence conditions. The wind 
reference intensity depends on the wind class, A or B. The average velocity is the annual 
average wind speed. A partial safety factor of 1.35 is also used in the design. The graphs of 
overturning moment, edgewise and flapwise moments will be taken into consideration during. 
Tower bottom moments are also important to take into consideration. 



 

487 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

 
Figure 2. Maximum values of flapwise, edgewise, overturning moment and thrust force for 

DLC 1.3, IEC Class 3A

 
Figure 3. Maximum values of flapwise, edgewise, overturning moment and thrust force for 

DLC 1.3, IEC Class 2B 
 
2.1.2. Parked Condition 

In the parked condition simulation, a specific scenario is targeted: the loss of network 
connection, resulting in the wind turbine losing control over its yaw drive mechanism. To 
model this condition accurately, simulations are run for a comprehensive range of possible 
yaw misalignment angles, spanning from -175° to +175°, resulting in a total of 36 simulations 
(1 seed per yaw angle). This DLC simulates a parked wind turbine and experiencing an 
unusually large yaw misalignment due to grid loss. The wind speed selected for this 
simulation corresponds to a 50-year recurrence period, ensuring a realistic representation of 
extreme conditions. Additionally, a turbulence intensity of 11% is applied to capture the 
dynamic response of the turbine under turbulent conditions and the blade pitch is adjusted to 
a feathered position, optimising the turbine's performance under simulated conditions. 
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Through these simulations, the behavior of the wind turbine under loss of network condition 
can be thoroughly analyzed, providing valuable insights for enhancing the turbine's 
operational reliability and resilience in real-world scenarios. To further enhance stability, 
strategies such as bypassing yaw errors that lead to instability or increasing structural damping 
in the blade edge and tower side-to-side modes are considered. Specifically, in cases where 
particular yaw misalignments cause instabilities, these could be strategically ignored, such as 
potentially omitting the 35-degree case, thereby refining the reliability of the operational 
assessments. 

2.2.  Foundation Design  

The foundation design of onshore wind turbines is critical for transferring and distributing 
structural loads to the ground. Various factors, including soil characteristics, environmental 
conditions, and turbine specifications, influence foundation design. Proper foundation design 
ensures stability and minimizes the risk of structural failure during operation. 

The design of onshore wind turbine foundations, often constructed in octagonal or circular 
gravity forms, must withstand various mechanical stresses. These include horizontal wind 
loads, the resultant overturning moments, and vertical loads from the turbine and foundation's 
own weight, alongside twisting moments. 

In accordance with the IEC61400-6, the geotechnical design process involves iterating 
between Ultimate Limit State (ULS) and Serviceability Limit State (SLS) considerations. The 
ULS addresses potential overturning, bearing capacity, or sliding failures, and structural 
integrity, while the SLS focuses on ensuring adequate lateral and rotational stiffness, 
preventing excessive long-term tilt, settlement, and avoiding long-term degradation that could 
lead to failures. This iterative checking is essential for maintaining the foundation’s structural 
integrity and functionality under both normal and extreme conditions. 

Following a similar procedure as outlined in the referenced study [5], this analysis adopts a 
systematic approach to the preliminary geotechnical design of onshore wind turbine 
foundations, ensuring a reliable foundation design.  

3. RESULTS AND DISCUSSION  

     The data in Table 3 represents the different best and worst scenarios for the 2B and 3A 
wind classes for DLC 13. Firstly, it's noticeable that the maximum values in the 3A class are 
generally higher than those in the 2B class. For instance, for TwrBsMrt (tower base moment), 
the maximum value in the 3A class is 131157.6 KNm, which is higher compared to the 
maximum value in the 2B class, which is 104107.0 KNm. This suggests that the 3A class may 
be able to withstand more severe wind conditions and cope with larger moments. 

Moreover, the range of values, from minimum to maximum, highlights the variability and 
stresses that the turbine foundations must be engineered to endure, particularly under the more 
demanding conditions associated with the 3A wind class. These insights into the fluctuating 
load conditions emphasize the need for robust design and material selection to ensure 
structural integrity and long-term performance. 

In conclusion, this table can be used to compare how the 3A and 2B wind classes respond to 
different load conditions. Providing a higher capacity for maximum moments but lower 
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resistance to minimum forces, the 3A class offers a crucial reference for design and durability 
decisions. 

Table 3. Maximum and minimum moments for DLC 1.3 

 

Incorporating the data from the provided table into the foundation design of onshore wind 
turbines is essential for ensuring structural integrity and stability under varying load 
conditions. By considering the maximum and minimum loads experienced by the wind turbine 
structure, engineers can design foundations capable of withstanding extreme forces while 
maintaining stability during normal operation. This involves evaluating load combinations, 
iteratively refining the design based on Ultimate Limit State (ULS) and Serviceability Limit 
State (SLS) considerations and incorporating appropriate safety margins. Additionally, site-
specific factors such as soil characteristics and environmental conditions should be taken into 
account to tailor the foundation design to local conditions. Overall, leveraging the insights 
provided by the load data enables the development of robust foundation designs that enhance 
the reliability and longevity of onshore wind turbine installations. 

4. CONCLUSION 

In this study, the aim was to be able to gain an insight into how the wind turbine structure 
performs under different wind conditions. This was done by conducting a time series analysis 
of two different wind turbine classes under three main cases. In the first case, DLC 1.2, the 
analysis was done under normal wind conditions which was important for fatigue assessment. 
In the second case, DLC 1.3, Extreme wind conditions were used to account for the extreme 
wind fluctuations and examine the ultimate strength. In the last case, the turbine was in parked 
condition, meaning no power was being produced. The wind loads were examined with a 
return period of 50 years. However, in extreme wind conditions, there is an evident increase 
in the moment and force applied to the structure in the case of the 3A class. This needs to be 
accounted for in the design steps of the wind turbine.  
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Embracing energy efficiency processes for a neighborhood building  
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The building sector is ranked as the highest energy demand and consumable sectors followed 
by the public lightening in a classic dwelling neighborhood. High energy consumption in 
these sectors is related to their poor performance and lack of constant intervent ions to the 
updated technology in place. Buildings account for nearly 40% of global CO2 emissions, with 
operational emissions (from energy used to heat, cool, and light buildings) comprising the 
majority. The trend towards carbon neutrality in the building sector is gaining momentum, 
driven by technological advancements, shifting policy landscapes, and a growing recognition 
of the urgent need for sustainability in the face of climate change. Concrete buildings in 
Albania are one of the worst energy performance ones, where dwellers should deal with a too 
hot inner environment during the summertime and a too cold environment during wintertime. 
Most concrete buildings are completely not plastered, and apart from the extra heat and cold, 
the presence of humidity is a constant disturbance for the community living in them. This is 
translated into building facade not being thermo-insulated, with poor windows frames, and 
not adequately oriented by lacking natural ventilation, and a public lightening system in place 
that consumes high energy to provide very few hours of proper lightening in the 
neighborhoods. Energy-efficient buildings provide healthier and more comfortable. Better 
insulation reduces the number of pollutants and allergens that can come into the home, which 
can result in better indoor air quality. Adopting energy-efficient practices and technology is 
essential to reduce energy use, prevent climate change, and guarantee a cleaner, healthier 
future as societies work toward sustainable development. This article seeks to understand the 
energy performance of concrete buildings that go under a process of façade refurbishment 
through analyzing the construction of the building and the possible insulation technology that 
would improve the energy performance.  

Keywords: Energy usage, insulation, energy efficiency, refurbishment of the building, 
energy savings, energy auditing. 

1. INTRODUCTION  

Albania is a country with a considerable building stock inherited before the ’90, typically 
conventional buildings, where the common building materials used were bricks or concrete 
pallets. They had no protection layers, which resulted in a very bad energy performance of 
the buildings. In some cases, buildings had a coated layer that helped in protecting them from 
the atmospheric conditions.  
The concrete buildings are one of the worst energy performance building, where dwellers 
should deal with a too hot inner environment during the summer time and a too cold inner 
environment during winter time.   
Addressing the energy performance of concrete buildings in Albania is crucial for reducing 
energy consumption, lowering utility bills, and mitigating the environmental impact of 
building operations. Retrofitting measures such as improving insulation, upgrading windows, 
installing energy-efficient heating and cooling systems, and enhancing ventilation can 
significantly improve the energy efficiency of these buildings while also enhancing comfort 
and indoor air quality for occupants.  
Nowadays, Albania as a developing country is focusing on the energy efficiency in residential 
sector. Energy efficiency is one of the biggest challenges that energy sector is actually facing 
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in Albania. Continuous developments and ever-increasing demand for energy on the one 
hand, both in public and private buildings, in industry and in many other fields, and on the 
other hand, the constant increase in energy prices is pushing every day the different sectors 
that to invest in increasing energy efficiency by reducing the cost of energy they pay each 
month, reducing energy consumption and consequently reducing greenhouse gases.  
Based on it, this paper will briefly analyze an apartment which is in the area of Tirana. 
Albanian legislation, normative and European directives have been considered for analysis of 
energy audit in residential buildings. The results during the analysing of this paper will be 
given in accordance with the Albanian legislation as well as with the European Norms for the 
energy performance of the buildings.  

 
 

2. MATERIALS AND METHODS 

2.1. Legal background 

The concept of energy auditing and energy efficiency in Albania are new ones by law and by 
practice. Albanian legislation for energy efficiency and auditing has been renewed and 
amended, reaching the background it has today which consists of these main laws:  

 
Table 1.  Albanian legislation for energy efficiency 

1 Law no. 116, dated 
10.11.2016 

" On energy performance in buildings " 

2 DCM no. 480, dated 
31.07.2018 

" National Energy Strategy (2028-2030) " 

3 DCM no. 958, dated 
02.12.2020 

" On the approval of the procedures and conditions for 
certification of the apartment.” 

4 Law no. 124, dated 
12.11.2015        
(amended 2019, 2021) 

"On the efficiency of of energy" 

5 DCM no. 342, dated 
22.05.2019 

"On the approval of categories, of  the conditions and 
requirements of the manager's qualification energy" 

Figure 1.  A brick building in Tirana 
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6 DCM No. 256, dated 
27.3.2020 

“For the approval of the methodology for calculating the 
levels of optimum cost for minimum performance 
requirements of energy of buildings, units and elements 
building” 

7 DCM No. 537, dated 
8.7.2020 

“For the approval of the minimum performance 
requirements of energy of the buildings and elements of the 
building”  

 
Energy auditing process  

Based on order no.5 dated 12.01.2021 “For the format of the energy audit process” , must 
be followed by these main steps: 

Figure 2.  Energy auditing process steps 

During the first phase, the energy auditor should collect all the information available on the 
existing situation of the building physical conditions (construction materials), geographical 
position and the equipment using energy from different sources, including lighting too. After 
the first evaluation, the energy auditor will use the relevant equipment to measure energy 
consumption of the appliances and control all the energy consumption from electrical energy 
bills of each of the family in the building. These evaluations will help the auditor to identify 
possible remediation to the energy consumption of the building, which would be translated in 
reduction of the electrical energy bills at the end of the year. For each energy audit conducted 
in a specific unit, the energy auditor should provide specific recommendations that would 
complete the whole report of the energy audit. 

3. PERFORMANCE OF THE BUILDING  

In 2009, for the first time it was approved the new law on the ownership, which enabled the 
concept of condominium in apartment buildings. It is safe to say that it was quite a new 
concept for the dwellers and, it was hardly understood or in the best case implemented. As 
stated in the law, municipalities are the state institutions, which are in charge to lead this 
process by engaging and making aware the dwellers about the condominium law and the tasks 
and responsibilities they might have.  

Step 6
Draft of the report

Step 5
Recommendations

Step 4 
Economic benefit analysis after inverventions for energy management

Step 3
Identification Power Management Opportunities

Step 2
Control of the equiments that consums energy

Step 1
Collection of information about the building and equipments conditions
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Residential apartment that is taken in consideration in this research work is located in the area 
of Tirana city. The apartment is located on the second floor of a three-stores building. The 
living area of the apartment is 84.2 m2 and consists of two bedrooms, living room, kitchen/ 
dining room, bathroom and two balconies. The building in which the apartment is located, in 
2021 had a structure with brick retaining walls, a cover made of concrete and a layer of 
bitumen.  

 
 

The degradation of the facades due to the lack of thermal insulation was a serious problem in 
the structure of the building. Non-thermally insulated facades negatively affected the energy 
consumption, the thermal comfort of the apartments in this building and brought large costs 
for heating and cooling. 
Another disadvantage of non-insulated facades is the presence of significant amounts of 
moisture, causing problems for the residents of these apartments. 
Based on this situation, with the approval of the residents, the municipality of Tirana decided 
to implement the project for this building. 
Given the above situation, the Municipality of Tirana in 2021, started to implement the project 
“The Community Fund”. The project proposed community participation and engagement of 
local authorities to increase community awareness regarding the possibility to save energy in 
their dwellings through implementing energy efficient measures, based on the guidance of the 
law “On ownership administration in domestic buildings”. 
Based on the condition of the building, the first step of this intervention is taking measures to 
improve the conditions for the residents, as well as saving energy through the thermal 
insulation of the facades of the building, using the envelope system.  
The necessary measures were taken to improve the thermal insulation of the building's facade 
using quality materials and contemporary technology. An effective solution is the use of 
thermal insulation with polystyrene panels, which provides an improvement excellent in the 
thermal performance of the object. 
The combination of this material with glass fiber nets provides not only thermal insulation, 
but also additional stability for the facade of the building. This helps to maintain the structural 
integrity of the facade, making it more stable against the effects of different atmospheric 
conditions. 

 
3.1 First monitoring phase  

After a year of the project implementation the building envelope was completely renovated, 
as the façade, the windows frame, the entrances, and the roof. It was undertaken a monitoring 

Figure 3. The plan of the apartment 
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process to understand the energy improvements gained under the new condition of the 
building. The objectives of the auditing process consisted on:  

1. Monitoring of the electrical energy consumption of the building in the first phase 
(without insulation); 

2. Monitoring of the electrical energy consumption of the building in the second phase 
(with insulation): considering its energetic behaviour during summer and winter time;  

3. Comparison of both results from the monitoring phases to conclude in figures that 
showed the energetic benefits of the prefabricated building after being insulated. 
The first monitoring process started from January 2021 till December 2022 (January 

2021-December of 2021 the building was not insulated, after December 2021 the building 
was insulated), based on the kw consumption from the electrical bills of the apartment. 

From the data we could obtain from the electrical energy bills, we generated tables and 
graphs to understand, first the tendency of the energy consumption after the building has been 
insulated, and second to try to derive results regarding their energetic benefits. 

 
Table 2. Energy consumption in 2021-2022 

 

 

 
 
 
 
 
 
 
 
 
 
 

From the results of the first phase of monitoring, a slight decrease in the energy consumption 
values in this apartment is observed. This decrease is expected since the building was 
thermally insulated in 2021 and the building needs a certain time to get inertia to start 
performing under the new conditions. 

 

Nr. Months/Years 2021 (KWh) 2022 (KWh) 
1 January 807 1032 
2 February 1082 1035 
3 March 1158 1104 
4 April 843 912 
5 May 421 353 
6 June 291 280 
7 July 263 302 
8 August 191 183 
9 September 273 368 
10 October 380 321 
11 November 619 377 
12 December 1016 647  

Kw/Year 7344 6914 

0
200
400
600
800

1000
1200

K
W0

200
400
600
800

1000
1200
1400

K
W

Figure 4.  Energy consumption in 2021 
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𝑘𝑊 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 𝑓𝑟𝑜𝑚 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛= 
7344−6914

7344
∗ 100% = 6%  (1) 

 
The results from the first monitoring, just after the building was insulated, showed that the 
whole building envelope performance improved with 6% during the first year of the 
renovation.  

 
3.2 Second monitoring phase 

The second phase of the building monitoring continued from January 2023 up to December 
2023, based on the kW consumption from the electrical bills of the apartment. The results 
from this monitoring phase are shown in the graph and table below: 
 

Table 3. Energy consumption in 2023 

  Months/Years  2023 (KWh) 
1 January 662 
2 February 817 
3 March 593 
4 April 481 
5 May 335 
6 June 294 
7 July 271 
8 August 257 
9 September 272 

10 October 384 
11 November 604 
12 December 843 
  Kw/Year 5813 

 
𝑘𝑊 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 𝑓𝑟𝑜𝑚 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛= 

7344−5813

7344
∗ 100% = 21%  (2) 

 
As we can see from the graph the building energy performance during the last year has made 
moderate improvements from the renovation undertaken, but still the data from the electrical 
bills do not show only the energy consumption from heating or cooling. Most of the energy 
consumption goes for hot water, cooking and lighting. However, we understand that the 
building has the tendency to perform better under new conditions. 
 

0
100
200
300
400
500
600
700
800
900

K
W

 

Figure 5. Energy consumption in 2023 
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Figure 6.  Energy auditing (2021-2023) 

4. RESULTS AND DISCUSSION 

Based on the data collected and the analysis carried out for three years, a summary table is 
presented, through which we can make a comparison of energy consumption during these 
three years.  

             
Figure 7.  Energy consumption of the apartment (2021-2023) 

 
From the graph above, it is clear that each year the performance of the building is improving, 
starting from 2022 with 6% to 21% in 2023. 
Also, if we convert the amount of energy consumed (kw) into costs (ALL), knowing that the 
price for 1 kwh during these three years is 9.5 ALL /kwh, it turns out that the costs of energy 
bills are also reduced. 

 
Table 4.  Energy consumption costs (2021-2023) 

Months/Years 2021 Costs (ALL) 2022 Costs (ALL) 2023 Costs (ALL) 
January 7666.5 9804 6289 
February 10279 9832.5 7761.5 
March 11001 10488 5633.5 
April 8008.5 8664 4569.5 
May 3999.5 3353.5 3182.5 
June 2764.5 2660 2793 
July 2498.5 2869 2574.5 

0
200
400
600
800

1000
1200
1400

K
w

2021-2023

2021 (KWh)  2022 (KWh)  2023 (KWh)

0

2000

4000

6000

8000

year 2021 year2022 year 2023

K
W



 

498 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

August 1814.5 1738.5 2441.5 
September 2593.5 3496 2584 
October 3610 3049.5 3648 
November 5880.5 3581.5 5738 
December 9652 6146.5 8008.5 
ALL/Year 69768 65683 55223.5 

 
      Figure 8. Energy consumption costs (2021-2023) 

5. CONCLUSION 

The implementation of thermal insulation measures, particularly using polystyrene panels, 
has led to a substantial improvement in the energy performance of the residential building in 
Tirana. Over the course of two monitoring phases, there was a noticeable reduction in energy 
consumption, indicating enhanced thermal efficiency and reduced reliance on heating and 
cooling systems.  
The insulation of the building's facade not only contributed to energy savings but also 
positively impacted the comfort and well-being of occupants. By mitigating temperature 
fluctuations and reducing moisture ingress, the insulation measures have enhanced indoor 
thermal comfort and reduced the risk of structural damage due to adverse weather conditions. 
In addition to environmental and social benefits, there are significant financial advantages 
associated with energy efficiency improvements. The reduction in energy consumption 
translates directly into lower utility bills for residents, contributing to increased affordability 
and economic well-being. 
Overall, the results demonstrate the effectiveness of retrofitting measures in enhancing the 
energy performance, comfort, and sustainability of residential buildings in Albania. 
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The 21st century climatic development has driven the initiation of the new transition era 
toward a circular and sustainable energy paradigm, which will direct the shifting from a linear 
model of energy production and consumption to the one that prioritizes and promotes the 
usage of renewable sources, energy efficiency, and waste reduction. Practically, this 
movement would require the embracement of technologies embrace technologies like solar, 
wind, and hydroelectric power, promoting energy conservation, and implementing policies 
to support a circular economy where resources are used more efficiently, and waste is 
minimized through recycling and reuse initiatives. This article will try to bring a holistic 
overview of the main instruments that have started and will drive this transition toward a 
carbon neutrality future. One of the leading instruments that has found strong grounds of 
implementation in many western countries is the investment in promoting the application of 
low-carbon, and nuclear-free energy system by increasing the share of renewable energy 
sources like wind and solar power. On the other hand, another driver that has spread its effects 
in different areas and lifestyles is the implementation of policies and practices to improve 
energy efficiency in buildings, transportation, and industry. Moreover, the study will try to 
tackle other drivers as developing smart grid infrastructure and energy storage technologies 
to integrate renewable energy sources efficiently into the grid, and adaptation of circular 
economy principles to minimize resource consumption, promote recycling and reuse of 
materials, and reduce waste generation throughout the energy value chain. This article will 
try analyzing at the end, which are the concrete steps that may ensure this transition toward 
a  circular and sustainable energy paradigm through a multi-dimensional approach and 
ongoing  evaluation.   

Key words: Low carbon economy, carbon neutrality, sustainable and circular energy 
paradigm, circular economy, renewable energy sources, energy efficiency. 
 

1. INTRODUCTION  

The world is facing unprecedented energy, environmental, climate, and sustainability 
challenges, such as biodiversity loss, resource use, and pollution. During the last decade, 
extreme weather events due to the increase in the temperature of the Earth’s surface have 
progressively created a fact-based conviction among the scientific and common community, 
that they are a direct consequence of global warming. It is recognized as a problem that has a 
high priority throughout the world and the impact of global warming is getting worse [1][2]. 
Human activities, mainly from burning fossil fuels, are the main cause to increase of 
greenhouse gas emissions. According to the IPCC report of 2007, there is strong evidence that 
over the last 50 years, 90% of global warming effects come from fossil fuel combustion of 
human activities.  
The UN, driven by the fast economic and industrial sector development after the Second 
World War, initiated a process of developing the concept of sustainable development at the 
Global Level. This process has gone through different steps since 1972 with an environmental 
conference in Stockholm, Sweden until the adoption of the 2030 Agenda for Sustainable 
Development in September 2015. The agenda tackles 4 key areas for urgent action starting 
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with climate and the planet. Later that year the adoption of the Paris Agreement at the Paris 
Climate Conference marked the first ever universal, legally binding global climate change 
agreement in 2015. [1] 
Since 2005, the non-governmental organizations Germanwatch, the New Climate Institute, 
and the Climate Action Network (CAN) have published annual data on the climate change 
performance index (CCPI) for 63 countries and the EU (that count for 90% of the greenhouse 
gas emissions emitted throughout the atmosphere). The organization ranks the countries due 
to their yearly efforts on achieving the goal of limiting global warming to just 1.5 degrees, 
compared to the pre-industrial period. As the target is set to be met by 2030, experts do praise 
the countries’ new policy measures to accelerate the expansion of renewable energy as 
positive but still, they think that serious attention should be paid to transportation policy, as 
very little is happening [2].  
Although almost all major economies now rely on wind, solar, and hydropower, the expansion 
of renewable sources will have to increase exponentially to quickly reduce CO2 emissions and 
replace fossil fuels, so harmful to the climate. The world has "now entered a very decisive 
phase”: Greenhouse gas emissions must be halved by 2030, otherwise the escalation of the 
climate crisis cannot be avoided, and, in the meantime, we need a binding resolution to triple 
renewable energy capacity worldwide by 2030, said Höhne & Burck, at COP28 in Dubai 
2023). [2] 
Since 1988, when the Brundtland Report burst the bubble of climate change existence, 
countries around the world have started to recognize the actual impact on the economy, 
environment, and society of climate change effects. As the trend, from accepting that global 
warming is happening to the upgraded steps of bringing it as the main discussion point, to 
drafting global policies on climate change adaptation and mitigation and providing concrete 
paths on how to transpose them to local policies, it is a fact that the concept of green 
investments is seen widely as a step toward Circular and Sustainable Energy Paradigm.  
As the International Monetary Fund (IMF) phrases it, a green investment is an investment 
required to adapt to climate change by reducing greenhouse gas emissions without reducing 
the production and consumption of non-energy significantly. Studies have shown that, at a 
large scale, the use of green investment schemes in the housing sector, in the frame of energy 
efficiency target achievement, has contributed to the reduction of 30% of carbon emissions 
and becoming a major force in the energy sector. Other studies and research have started to 
dig a little deeper in this regard by attaching the influence of green investment towards 
adaptation to climate change to reduce greenhouse gas emissions through disclosure of carbon 
emissions.  
Meanwhile, as global efforts have shown, energy production is shifting toward a new 
paradigm that patterns after the closed-loop circular systems of natural ecosystems. Among 
all sectors, the new paradigm aims to offer a new model for critical electricity provision for 
most emerging countries, by avoiding fossil fuels and thus less pollution and reducing the 
throughput of matter and energy. Examples in the merging economy countries revealed the 
efficacy of renewable power created through cooperative, cross-sector initiatives that also 
yield economic and social benefits for the communities. 

2. SUSTAINABILITY AND CIRCULARITY AND THE NEW ENERGY 
TRANSITION FUTURE PATH 

2.1.Sustainability and the New Energy Transition Future Path 

The concept of sustainability is attracting great attention as societies become increasingly 
aware of the environmental consequences of their actions. One of the most critical challenges 
that humankind is facing is the scarcity of resources, which are expected to reach their limits 
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in the foreseeable future. Associated with this, there is increasing waste generated because of 
rapid growth in the world population (particularly in urban areas) and a parallel rise in global 
income.  
To cope with these problems, a linear strategy has been applied to increase efficiency by 
reducing the use of materials and energy to lessen environmental impacts. However, this 
cradle-to-grave approach has proven inadequate, due to a lack of attention to several economic 
and social aspects. A paradigm shift is thus required to re-think and innovate processes (as 
early as in the design phase) in such a way that materials and energy are used more effectively 
within a closed-loop system.  
The integration of sustainable energy sources reduces reliance on non-renewable energy. The 
utilization of sustainable energy resources such as solar, wind, hydro, and geothermal power 
forms the foundation of a smart energy system. These resources decrease reliance on fossil 
fuels, decrease pollution, and promote environmental sustainability. The Venn diagram 
illustrates perfectly that economic, environmental, and social aspects of sustainability, are 
interconnected and in perfect harmony represent the coexistence of these three pillars. [3] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 42. Venn diagram on sustainable development pillar relation 

Green issues, including climate change mitigation and environmental conservation, are 
integral to the SDGs. The transition to sustainable energy systems aligns with these goals and 
fosters innovation, competitiveness, and regional diversification.  
Addressing climate change entails balancing environmental policies with economic 
considerations. Green technologies drive regional diversification and economic growth, 
particularly in sectors related to renewable energy and environmental sustainability.  
Investing in green activities fosters a culture of innovation and adaptation to ecological 
challenges. In this regard, as nowadays has become a common thing, all this revolution in 
technology and industry (the industry 4.0 paradigm and related technologies) are proving 
more and more to be a reliable instrument for facilitating knowledge and information 
diffusion, driving innovation, and creating new employment opportunities. By leveraging 
advancements in connectivity, automation, and data analytics, I4.0 enables efficient energy 
production, distribution, and consumption. In the meantime, the introduction of green 
environmental technologies within the frame of the Fourth Industrial Revolution is crucial for 
the diversification of local, sustainable activities to protect the environment against negative 
climate changes. [4] 
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2.2.Circularity and the New Energy Transition Future Path 

The strategy cradle-to-cradle approach relies on the assumption that everything is a resource 
for something else since no waste is ever generated in nature. In line with the cradle-to-cradle 
approach, the bio-inspired circular economy concept aims at eco-effectiveness, rather than 
eco-efficiency. It carries significant importance since it “is restorative and regenerative by 
design and aims to keep products, components, and materials at their highest utility and value 
always, distinguishing between technical and biological cycles.  
It is a fact that society’s political, economic, and environmental actors foresee the circular 
economy as a crucial pathway for decoupling finite resource consumption from economic 
growth. The challenge consists of applying the circular economy’s high-level operating 
principles to the critical infrastructural services that underpin economic growth — the 
resource- and energy-intensive provision of energy, sanitation, water, waste management, 
communications, transport, and other sectors of the economy. One opportunity for humanity 
would be to foster the embrace of circular planning in the provision of new and extended 
infrastructural services in both the rural and urban developing world where the growth of and 
demand for infrastructural services are rapidly escalating, specifically the energy demand.  
Given the definition of the circular economy principles, the instrument role of circularity in 
the transition to sustainable energy consists of improving energy efficiency and renewable 
energy.  

 
Figure 2. Circularity in the transition to sustainable energy 

 
Energy Efficiency policy is focused on securing affordable energy supplies, sustainable 
energy consumption, improving energy efficiency, increasing renewable energy, and 
lowering fossil fuel dependence to help reach climate objectives and decarbonize of energy 
system by 2050, known as carbon neutrality. On the other hand, renewable energy sources, 
such as sustainable energy, are practically inexhaustible or able to be renewed within a human 
lifetime. They have an essential role in preserving and enhancing natural capital and 
decarbonizing the energy system. The renewable energy system is also viewed as a 
sustainable mechanism to address rising temperatures, climate change, and environmental 
issues, so it has been established as a mainstream contributor to the global electricity 
generation mix, becoming much cheaper and competitive.  
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Figure 3. Energy Efficiency policy  

The energy sector plays a crucial role in steering the world toward a low-carbon future. 
Despite efforts, there has been little progress in meeting the EU’s commitment to its SDG 
objective over the past five years. This slightly negative result is due to increases in the EU’s 
energy consumption between 2014 and 2019. It does therefore not yet reflect, at least 
temporarily, the reductions expected for 2020 following measures taken in response to the 
COVID-19 pandemic.  

3. RESULTS AND DISCUSSION 

At the basis of this new energy transition phase that aims at the end to build a society that 
tends to be sustainable and circular for a carbon-low economy, the introduction, and 
implementation of policy instruments for Smart Energy Systems can enable and incentivize 
consumer engagement in adopting sustainable practices and foster local green culture. In 
summary, designing a smart energy system entail integrating sustainable technologies, 
fostering innovation, balancing economic and environmental considerations, and promoting 
international collaboration.[5] 
Exemplary cases in emerging economy countries reveal the efficacy of renewable power 
created through cooperative, cross-sector initiatives that also yield economic and social 
benefits. These alternatives, in the frame of a circular economy strategy for power production, 
moving beyond conventional, mono-sectoral approaches to energy delivery, have constantly 
proven to be solid solutions for energy poverty.  
Case I - Methane recovery illustrating the potential for closed-loop use of an otherwise wasted 
energy source in rapidly urbanizing settlements: Landfill, conventionally filled with 
municipal solid waste (MSW - a mix of inorganic and organic material 46% global average), 
release harmful methane (CH4) into the atmosphere. Landfill gas alone leads to the worldwide 
release of between 19.99 million and 59.99 million tons (approximately 22 million to 66 
million tons) of methane annually. [6]  
Recovering and utilizing gas from the decomposing organic matter in sanitary landfills for 
energy generation represents a closed-loop bio cycle and is considered a transitional, carbon-
neutral energy solution. Understanding and replicating this approach is extremely relevant for 
low-income countries that can only spend a fraction of their solid waste management budgets 
on waste disposal, with most MSW going simply to waste collection and not to appropriate 
treatment. 
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Figure 4. Infrastructural Ecologies: Alternative Development Models for Emerging Economies 

(Brown & Stigge) – adapted by the author. [7] 

 
 
Case II - Provision of affordable electricity for poor rural settlements by combining the 
electricity demand from the telecommunications sector to support the economical 
construction of small to mid-size solar power plants: Another aspect of the circular energy 
economy is the optimization of asset usage through sharing, as the cases of Uber, Zipcar, 
Airbnb. These platforms are revolutionizing the transport and hospitality sectors by extending 
the deployment of a particular asset. Similarly, the combined use of a single infrastructure 
facility through co-location means fewer resources consumed and less waste produced. [8] 
This is the case of using a single solar power plant to serve two different kinds of clients, as 
a shared-used arrangement that makes the business model financially viable – selling 
electricity to the rural poor – without necessitating government subsidies.  
Case III - Development of a generator of renewable power, to address the pollution of the 
reservoir from agricultural waste by establishing a rural waste-to-energy program that 
electrified more than 2,200 households: In this case, a significant feature of the program is 
related to the capitalization of a closed-loop bio cycle supplemented by biogas to generate 
electricity, utilizing biomethane produced by local anaerobic biodigesters which feed on 
agricultural, animal, and human waste. The micropower plants can also readily be 
supplemented by wind energy and equipped with battery banks and/or diesel-fired backup 
generators to guard against low solar insolation levels during monsoon seasons.  

4. CONCLUSIONS 

In the wake of the COVID-19 crisis, there is a growing need for a green recovery that involves 
advanced and emerging economies. This requires a long-term commitment to sustainable 
policies and investment strategies aimed at promoting a more sustainable paradigm. To 
achieve this, there is a need to prioritize the development of a green culture, sustainable 
infrastructure, and a green recovery.  
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The current situation highlights the urgent need for action to combat climate change, which 
continues to impact different parts of the world in different ways. Climate change will have a 
significant impact on built environments, energy demand, and the design of infrastructure. To 
achieve the goal of zero emissions by 2050, we can no longer postpone the transition to a 
more sustainable economy. While circular thinking is one way to reduce the global carbon 
footprint, renewable technologies are also becoming increasingly cost-competitive with 
conventional generation. This is leading to the installation of new distributed renewable 
installations at a meaningful pace, with total global capacity increasing by 9% over 2015, to 
nearly 2,017 GW globally in 2016.  
The development of sustainable infrastructure has the potential to help redress environmental 
degradation while also addressing the economic and political instability that plagues many 
emerging economies. By working together, public, and private gas and electrical utilities can 
find synergistic opportunities to build closed-loop, circular energy systems that make use of 
untapped or underused local resources. This can create sustainable energy access for remote 
and impoverished populations with multiple benefits.  
Recent events, such as the War in Ukraine, have impacted the international energy market, 
leading to a significant increase in the prices of electricity and energy raw materials. In 
October 2021, due to the high volatility of these sectors, gas prices rose by 400% compared 
to April, also pushing up electricity prices (+200%). Despite this, some countries are testing 
and implementing new strategies to finance new gas-fired power plants that will be in 
operation for the next 30 years.  
Designing intelligent energy systems that make use of smart meters (SMs) is expected to 
provide relevant benefits in the I4.0 paradigm. SMs can lead to energy savings and increased 
efficiency for both network operators and final users. Smart grids for energy are relatively 
recent, and there is a lack of detailed statistical information to support the proposed theoretical 
model. [9] 
Nonetheless, this approach could be useful in driving governmental institutions towards a 
shared managerial sustainable vision, there is still a lack of knowledge and maturity among 
households and firms in many countries when it comes to the energy market structure and its 
operability. Policymakers can support SMs through regulation and education, which can help 
to install new green cultural skills through hourly rates, complete information on supplier 
change, and strong legislation on privacy and data protection, thus favouring social 
acceptance. 

 
In the end, ensuring that we move towards a sustainable and circular energy paradigm, it 
requires the embracement of a multilayer approach and ongoing evaluation, mainly following 
these steps: 

1. Set clear goals and targets.  
2. Monitor progress and performance.  
3. Align and integrate policies.  
4. Engage stakeholders. 
5. Build capacity and share knowledge. 
6. Promote innovation and technology adoption.   
7. Foster behavioural change and awareness. 
8. Remain flexible and adaptable. 

 
By following these steps and fostering a collaborative approach, we can move closer to a 
sustainable and circular energy future. Innovative financing mechanisms such as green bonds, 
carbon pricing, and feed-in tariffs can help mobilize investment in renewable energy projects 
and support the transition to a sustainable energy paradigm. 
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At a time when environmental challenges and pollution are becoming increasingly concerning 
for modern cities, the integration of renewable energy resources becomes a fundamental 
challenge and a great opportunity to address these issues. This study aims to explore the 
importance and advantages of integrating renewable energy in urban environments, focusing 
on the analysis of various renewable energy technologies and their potential to contribute to 
a cleaner environment and more sustainable development of cities. Through an in-depth 
literature review and a critical examination of previous research in the field of renewable 
energy in cities, this study will identify the key advantages of using renewable energy 
resources, including reducing air pollution, improving air quality, and enhancing energy 
supply security at the local level. At the same time, a wide range of challenges that may arise 
during the integration process of these technologies in the urban environment will be 
examined, including technical limitations, infrastructure challenges, and administrative 
barriers. To illustrate the potential benefits of renewable energy integration in modern cities, 
the study will include the analysis of several case studies and practical examples of this 
process on a global scale. Through these cases, successful applications of renewable energy 
technologies in current urbanization and their role in improving urban life quality will be 
examined. Finally, the study will propose recommendations and guidelines for policymakers, 
urban planners, and other stakeholders to facilitate and promote the integration of renewable 
energy resources in modern cities, thus creating a more sustainable environment and greater 
progress towards future cities. 
 
Keywords: Renewable Energy, Benefits, Environmental Challenges, Urban Development, 
Pollution.  

1. INTRODUCTION 

In an era marked by escalating environmental concerns and the urgent need for sustainable 
solutions, the integration of renewable energy sources within urban environments emerges as 
a critical imperative. Rapid urbanization, coupled with the proliferation of pollution and 
greenhouse gas emissions, underscores the pressing need to transition towards cleaner and 
more sustainable energy systems. This study embarks on a comprehensive exploration of the 
significance, advantages, challenges, and potential pathways for integrating renewable energy 
in urban environments, aiming to elucidate its transformative potential in shaping the cities of 
tomorrow. Urbanization is a defining characteristic of the modern era, with more than half of 
the world's population residing in urban areas. However, this rapid urban growth has been 
accompanied by a host of environmental challenges, including air pollution, resource 
depletion, and climate change [1-2]. At the heart of these challenges lies the energy sector, 
which remains heavily reliant on fossil fuels, contributing significantly to urban pollution and 
carbon emissions. In this context, the integration of renewable energy sources offers a 
promising pathway towards mitigating environmental degradation, enhancing energy 
security, and fostering sustainable urban development. The primary objective of this study is 
to explore the importance and advantages of integrating renewable energy in urban 
environments. Through a systematic examination of existing literature and empirical 
evidence, this research seeks to delineate the environmental, economic, and social benefits of 
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renewable energy integration. Additionally, the study aims to identify and analyze the key 
challenges and barriers that may impede the widespread adoption of renewable energy 
technologies in urban settings. By synthesizing insights from theory, case studies, and 
practical experiences, this study endeavors to provide actionable recommendations and 
guidelines for policymakers, urban planners, and other stakeholders to facilitate the transition 
towards renewable energy-driven urban systems [3-4].  
The integration of renewable energy in urban environments offers a myriad of benefits across 
multiple dimensions. Environmental advantages include the reduction of air pollution, 
improvement of air quality, and mitigation of climate change impacts. Renewable energy 
technologies, such as solar photovoltaics (PV), wind turbines, and biomass, produce 
electricity with minimal or zero emissions, thereby reducing the carbon footprint of urban 
energy systems. Moreover, the decentralization of energy production through distributed 
renewable energy systems can enhance energy resilience and reduce dependence on 
centralized fossil fuel-based power plants.From an economic standpoint, renewable energy 
integration presents opportunities for job creation, local economic development, and cost 
savings. The renewable energy sector has emerged as a significant source of employment, 
with jobs in solar and wind energy surpassing those in the coal and oil industries. Furthermore, 
renewable energy technologies are becoming increasingly cost-competitive with conventional 
energy sources, leading to lower electricity prices and long-term savings for consumers and 
businesses alike [5]. 
Social benefits of renewable energy integration include improved public health outcomes, 
increased energy access, and community empowerment. By reducing air pollution and 
harmful emissions, renewable energy deployment can mitigate the adverse health effects 
associated with fossil fuel combustion, such as respiratory illnesses and cardiovascular 
diseases. Additionally, decentralized renewable energy systems can enhance energy access 
and resilience in underserved urban communities, empowering residents to take control of 
their energy future [6]. 
Administrative barriers, such as regulatory uncertainty, policy fragmentation, and lack of 
stakeholder coordination, also present formidable obstacles to renewable energy integration. 
Inconsistent or outdated regulatory frameworks may impede the development of renewable 
energy projects, while bureaucratic hurdles can delay project implementation and increase 
costs. Moreover, limited public awareness and stakeholder engagement can undermine 
community support for renewable energy initiatives, hindering their successful adoption and 
implementation [7]. 

 
Figure 1. Urban Skyline with Renewable Energy Infrastructure 
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2. ENERGY LANDSCAPE OF URBAN ENVIRONMENTS 
 
2.1 Analysis of energy consumption patterns in urban areas 
Analyzing energy consumption patterns in urban areas is crucial for understanding the 
dynamics of energy demand, identifying trends, and informing strategic decision-making in 
energy planning and management [5-7]. 
Data Collection and Sources                                                                                                                        
Collecting comprehensive and accurate data is the foundation of analyzing energy 
consumption patterns in urban areas. Data sources may include: 

• Utility billing records: Providing detailed information on electricity, natural gas, and 
water consumption at the household, commercial, and industrial levels. 

• Transportation data: Including fuel consumption statistics, vehicle miles traveled 
(VMT), and modal shares for different transportation modes.  

• Census data: Offering demographic information, household characteristics, and socio-
economic indicators that influence energy consumption patterns. 

• Energy surveys: Conducted at regular intervals to gather data on energy use behaviors, 
appliance ownership, and building characteristics. 

 
Segmentation Analysis 
Segmenting energy consumption data by sector, end-use, and demographic variables allows 
for a deeper understanding of consumption patterns: 

• Residential sector: Analyzing energy use for heating, cooling, lighting, appliances, 
and electronics in households of varying sizes and income levels. 

• Commercial sector: Examining energy consumption in office buildings, retail stores, 
hotels, and other commercial establishments, considering factors such as operating 
hours, occupancy rates, and equipment types. 

• Industrial sector: Assessing energy usage in manufacturing facilities, warehouses, and 
industrial processes, focusing on energy-intensive operations and production cycles. 

• Transportation sector: Analyzing fuel consumption patterns for private vehicles, 
public transit, freight transportation, and other modes of transportation, accounting for 
travel distances, vehicle types, and trip purposes. 

• Socio-economic factors: Investigating how income levels, housing characteristics, 
lifestyle choices, and cultural preferences influence energy consumption behaviors 
and demand profiles. 

 
Figure 2. Segmentation, Forecast 

Temporal Analysis 
Temporal analysis reveals variations in energy consumption patterns over time, including:  
Seasonal trends: Identifying peak demand periods for heating and cooling in residential and 
commercial buildings, as well as fluctuations in energy use due to weather conditions and 
climate variations [3-5]. 
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• Daily patterns: Examining diurnal energy consumption profiles, including peak 
demand hours, off-peak periods, and overnight baseload requirements, influenced by 
human activity patterns and daily routines. 

• Long-term trends: Tracking changes in energy consumption patterns over years or 
decades, reflecting shifts in population growth, economic development, technological 
advancements, and policy interventions. 

Spatial Analysis 
Spatial analysis explores geographical variations in energy consumption patterns within urban 
areas: 

• Neighborhood-level analysis: Identifying disparities in energy consumption between 
different neighborhoods, influenced by factors such as building age, housing density, 
land use mix, and socio-economic characteristics. 

• Urban-rural divide: Contrasting energy consumption patterns between urban, 
suburban, and rural areas, highlighting differences in transportation modes, housing 
types, and access to services and amenities. 

• Hotspot identification: Identifying areas of high energy consumption, such as 
commercial centers, industrial zones, and transportation hubs, to target energy 
efficiency and conservation efforts more effectively. 

 
Figure 3. Spatial analysis of renewable energy potential 

 
 

2.2.Role of renewable energy in addressing urban energy needs 

Renewable energy plays a pivotal role in addressing the complex energy needs of urban areas, 
offering a sustainable and low-carbon solution to meet growing demand. Here's an exploration 
of its multifaceted role [6-7]: 
Decarbonizing Urban Energy: 

• Renewable energy sources such as solar, wind, and hydroelectric power produce 
electricity with minimal greenhouse gas emissions, helping cities reduce their carbon 
footprint and combat climate change. By transitioning away from fossil fuels for 
electricity generation, heating, and transportation, urban areas can significantly 
mitigate their contribution to global warming and air pollution. 

Diversifying Energy Sources: 
• Incorporating renewable energy into the urban energy mix diversifies energy sources, 

reducing dependence on finite fossil fuels and volatile energy markets. This 
diversification enhances energy security and resilience by minimizing the risk of 
supply disruptions and price fluctuations associated with traditional fossil fuel 
imports. 
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Localized Energy Production: 
• Renewable energy systems can be deployed at various scales, from rooftop solar 

panels to community wind farms, enabling decentralized and localized energy 
production within urban areas. This distributed energy generation model reduces 
transmission losses and grid congestion, enhancing grid reliability and stability while 
empowering communities to take control of their energy supply. 

Reducing Energy Costs: 

• Renewable energy technologies have witnessed significant cost reductions in recent 
years, making them increasingly competitive with conventional energy sources. By 
harnessing abundant natural resources such as sunlight and wind, urban areas can 
generate electricity at lower costs over the long term, providing economic benefits to 
residents, businesses, and local governments through reduced energy bills and job 
creation in the renewable energy sector. 

Promoting Energy Efficiency: 
• Renewable energy deployment often goes hand in hand with energy efficiency 

measures, as cities seek to optimize energy use and minimize waste. Integrated 
solutions such as smart grids, energy storage systems, and demand-side management 
technologies complement renewable energy generation, enabling more efficient 
energy distribution, utilization, and conservation within urban environments. 

3. TECHNOLOGY SELECTION AND DESIGN 
Selecting appropriate renewable energy technologies and designing efficient systems are 
crucial steps in integrating renewable power into urban environments [4-7]. 
 

3.1. Overview of renewable energy technologies suitable for urban environments           

Solar Energy 

− Rooftop Solar: Utilizes available roof space on residential, commercial, and industrial 
buildings for solar panel installation, maximizing energy generation without additional 
land use. 

− Building-Integrated Photovoltaics (BIPV): Integrates solar panels directly into building 
materials such as glass facades, windows, and roofing tiles, providing both structural and 
energy benefits. 

− Solar Parks: Develops larger-scale solar installations on vacant urban land or brownfield 
sites, providing clean energy to urban communities and supporting local grid 
infrastructure. 

Wind Energy 
Wind energy systems harness wind power to generate electricity using horizontal or vertical-
axis wind turbines. 

− Rooftop Turbines: Small-scale vertical-axis wind turbines installed on rooftops or in urban 
gardens can capture wind energy in densely populated areas with limited space. 

− Urban Wind Farms: Larger horizontal-axis wind turbines located in urban fringe areas or 
offshore wind farms near coastal cities can supplement urban electricity supply and 
contribute to renewable energy goals. 

− Wind-Responsive Architecture: Innovative building designs incorporate wind-capturing 
features such as vents, chimneys, and turbines to harness natural ventilation and generate 
on-site electricity. 

Micro-Hydro Systems: 

Micro-hydro systems utilize small-scale turbines or waterwheels to generate electricity from 
flowing water in urban waterways or stormwater management systems. 
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− Urban Streams and Rivers: Low-head micro-hydro turbines installed in urban waterways or 
wastewater treatment plants can capture kinetic energy from flowing water, providing 
renewable electricity to nearby communities. 

− Stormwater Harvesting: Small-scale hydroelectric generators integrated into stormwater 
management infrastructure can utilize runoff from heavy rainfall events to produce clean 
energy and reduce urban flooding risks. 

Biomass Energy: 

Biomass energy technologies convert organic materials such as agricultural residues, forestry 
waste, and urban biomass into heat, electricity, or biofuels. 
− Anaerobic Digestion: Organic waste from urban sources such as food scraps, yard 

trimmings, and sewage sludge can be processed in anaerobic digesters to produce biogas 
for heat, electricity, or vehicle fuel. 

− Combined Heat and Power (CHP): Biomass-fired CHP systems installed in urban district 
heating networks or industrial facilities utilize biomass feedstocks to generate both heat 
and electricity, maximizing energy efficiency and resource utilization. 

− Waste-to-Energy (WtE): Incineration or gasification of municipal solid waste (MSW) in 
modern waste-to-energy plants can generate electricity and heat while reducing landfill 
volumes and greenhouse gas emissions. 

Geothermal Energy: 

Geothermal energy systems extract heat from the Earth's subsurface to provide space heating, 
cooling, and electricity generation. 
− Ground-Source Heat Pumps (GSHP): Closed-loop or open-loop GSHP systems installed 

beneath urban buildings utilize stable ground temperatures for space heating and cooling, 
offering energy-efficient climate control solutions in urban areas. 

− Geothermal District Heating: District heating networks in urban neighborhoods can be 
powered by geothermal energy, supplying renewable heat to multiple buildings and 
reducing reliance on fossil fuels for heating purposes. 

− Tidal and Wave Energy: 
− Description: Tidal and wave energy technologies capture kinetic energy from ocean currents 

and waves to generate electricity. 
− Coastal Cities: Offshore tidal turbines and wave energy converters located near coastal cities 

can tap into predictable tidal flows and wave patterns, providing renewable electricity to 
coastal communities and supporting marine renewable energy development. 
 

4.COMMUNITY ENGAGEMENT AND PUBLIC PARTICIPATION 
4.1. Examples of successful community-led renewable energy initiatives 

Community-led renewable energy initiatives have demonstrated the power of grassroots 
efforts to drive sustainable energy transition and empower local communities [3-6]. 
SolarShare is a community solar cooperative based in Ontario, Canada, that enables residents 
to collectively invest in solar energy projects and receive financial returns through clean 
energy generation. SolarShare allows individuals and organizations to become members of 
the cooperative by purchasing shares, making them co-owners of solar energy installations 
across Ontario. It develops and operates solar photovoltaic (PV) projects on rooftops, parking 
lots, and brownfield sites, leveraging economies of scale to maximize energy production and 
cost-effectiveness. SolarShare projects contribute to Ontario's clean energy transition by 
displacing fossil fuel-based electricity generation, reducing greenhouse gas emissions, and 
supporting the growth of renewable energy capacity in the province, and fosters community 
engagement and education through outreach events, workshops, and tours of solar 
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installations, raising awareness about the benefits of renewable energy and empowering 
residents to take action on climate change. 
 
Repower Shoalhaven is a grassroots community organization based in the Shoalhaven region 
of New South Wales, Australia, dedicated to promoting renewable energy adoption and 
community-owned energy projects. Repower Shoalhaven engages with residents, businesses, 
and local organizations through outreach events, workshops, and educational campaigns to 
raise awareness about renewable energy and empower community action. Shoalhaven 
facilitates solar bulk-buy programs, negotiating discounted rates with local solar installers to 
make solar photovoltaic (PV) installations more accessible and affordable for residents and 
businesses.Repower Shoalhaven collaborates with community members to develop and 
finance community-owned solar projects on public buildings, schools, and community 
facilities, allowing local residents to invest in and benefit from clean energy generation .It 
promotes energy efficiency measures and sustainability practices, encouraging residents to 
reduce energy consumption, improve home insulation, and adopt energy-saving technologies 
to complement renewable energy generation. 

5. FUTURE TRENDS AND OPPORTUNITIES 

As urban areas continue to seek sustainable energy solutions, emerging technologies and 
innovations are playing a crucial role in transforming the renewable energy landscape [2][3-
6]. 

− Building-Integrated Photovoltaics (BIPV): 
BIPV integrates solar photovoltaic modules into building materials such as windows, facades, 
and roofing, turning buildings into power-generating assets. 
 

− Urban Wind Turbines: 
Urban wind turbines are compact, low-profile wind turbines designed for installation in urban 
environments, capturing wind energy in densely populated areas. 
 

− Solar-Tracking Systems: 
Solar-tracking systems optimize the orientation of solar panels to track the sun's movement 
throughout the day, maximizing energy generation efficiency. 

− Energy Harvesting from Urban Infrastructure: 
Energy harvesting technologies capture wasted energy from urban infrastructure and convert 
it into usable electricity, reducing energy consumption and enhancing sustainability. 
 

− Hybrid Renewable Energy Systems: 
Hybrid renewable energy systems combine multiple renewable energy sources, energy 
storage, and grid connectivity to provide reliable and resilient power solutions for urban 
environments. 
 

6. CONCLUSION 
In conclusion, the integration of renewable power in urban environments represents a critical 
pathway towards sustainable and resilient cities in the face of urbanization and climate change 
challenges. Throughout this discourse, we've explored the multifaceted implications, 
challenges, and opportunities associated with this endeavor. 
Urbanization brings about intensified energy demands, driven by population growth, 
infrastructure expansion, and changing lifestyles. Simultaneously, climate change exacerbates 
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these challenges, amplifying energy needs for cooling amidst rising temperatures and posing 
risks to energy infrastructure through extreme weather events. 
However, amidst these challenges lies a transformative potential. The adoption of renewable 
energy technologies, such as solar, wind, and hydroelectric power, offers a viable pathway to 
address urban energy needs while mitigating greenhouse gas emissions. Innovative solutions, 
including building-integrated photovoltaics, urban wind turbines, and energy-efficient 
systems, are reshaping urban landscapes and driving the transition towards sustainable energy 
systems. 
The integration of renewable power in urban environments is not merely about decarbonizing 
energy sources but also about fostering resilience, equity, and economic development. 
Community-led initiatives, smart city technologies, and policy frameworks play crucial roles 
in advancing this transition, empowering local communities, enhancing energy efficiency, 
and promoting social inclusion. 
In embracing renewable energy integration, urban environments can reap multiple benefits, 
including reduced air pollution, enhanced energy security, and job creation, while 
simultaneously contributing to global efforts to mitigate climate change and build a 
sustainable future. 
As we move forward, collaboration, innovation, and commitment are paramount. By working 
together across sectors and disciplines, we can harness the power of renewable energy to 
create cities that are not only vibrant and prosperous but also sustainable, resilient, and 
equitable for generations to come. The journey towards renewable power integration in urban 
environments is not without its challenges, but it is a journey worth undertaking for the well -
being of our cities and the planet. 
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Integrating Adaptation and Mitigation Strategies for Climate Resilience 
and Development: Challenges and Opportunities 

Denisa Muça, Ledisa Ahmati, Luena Mullaj 
Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania  

Climate change is a global challenge with profound implications for ecosystems, economies, 
and human well-being. Addressing this challenge requires a combination of adaptation and 
mitigation strategies. Adaptation focuses on reducing vulnerability and building resilience to 
the impacts of climate change, while mitigation aims to reduce greenhouse gas emissions to 
limit future climate change. Adaptation strategies encompass a range of actions aimed at 
reducing the adverse effects of climate change on communities and ecosystems. Nature-based 
solutions, such as restoring mangroves and wetlands, can help protect coastal areas from sea-
level rise and storm surges while providing habitats for biodiversity. Infrastructure 
improvements, such as building resilient water management systems and designing heat -
resilient buildings, can enhance urban resilience to climate change impacts. Additionally, 
promoting sustainable agricultural practices, such as crop diversification and agroforestry, 
can help farmers adapt to changing climate conditions while reducing emissions. Mitigation 
strategies focus on reducing greenhouse gas emissions to mitigate the severity of climate 
change. Transitioning to renewable energy sources, such as solar and wind power, can reduce 
reliance on fossil fuels and lower emissions. Improving energy efficiency in buildings, 
transportation, and industry can also contribute to emission reductions. Furthermore, reducing 
emissions from deforestation and forest degradation through sustainable forest management 
and conservation efforts can help sequester carbon and mitigate climate change. Additionally, 
uncertainties in climate projections and the complex interactions between social, economic, 
and environmental factors can pose challenges to effective decision-making. To address these 
challenges, a holistic approach is needed that integrates adaptation and mitigation strategies 
into broader sustainable development goals. By implementing effective adaptation and 
mitigation strategies, we can build more resilient and sustainable communities and contribute 
to global efforts to address climate change. 

Keywords: Mitigation / adaptation strategies, environmental impacts, climate change, 
resiliency.  

1. INTRODUCTION  
 

Albania, nestled in the heart of the Balkans, boasts a rich tapestry of history, culture, and 
natural beauty. However, like many nations around the globe, Albania faces the pressing 
challenge of climate change. As a country situated on the Adriatic and Ionian Seas, Albania's 
climate is influenced by its proximity to the Mediterranean. However, in recent years, the 
effects of climate change have become increasingly evident, posing significant threats to the 
nation's environment, economy, and society. 

 
From rising temperatures to changing precipitation patterns, Albania is experiencing a range 
of climate-related impacts. Coastal areas are particularly vulnerable to sea-level rise and 
erosion, while inland regions face challenges such as droughts and floods. These changes not 
only endanger ecosystems and biodiversity but also jeopardize vital sectors like agriculture, 
tourism, and infrastructure. 
 
In response to these challenges, Albania has been actively engaged in both national and 



 

518 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

international efforts to mitigate and adapt to climate change. Through policy initiatives, 
investment in renewable energy, and collaboration with global partners, Albania is striving 
to reduce its greenhouse gas emissions and build resilience to climate impacts. 

 
Despite these efforts, much work remains to be done. As Albania navigates the complex 
intersection of development, environmental conservation, and climate action, fostering 
awareness, collaboration, and innovation will be essential in shaping a sustainable and 
resilient future for this diverse and vibrant nation. 

 
 
2. RESULTS AND DISCUSSION  
 
There is an increasing trend in temperature in Albania. Farmers also observed an increasing 
trend in extreme heat events. Analysis indicates this trend will accelerate in Albania in the 
near future, as indicated in Figure 1. Although uncertainty remains as to the degree of 
warming that will occur in Albania, the overall warming trend is clear and evident in all four 
agro-ecological zones (AEZs), with average warming over the next 40 years of about 1.5ºC, 
much greater than the increase of less than 0.5ºC observed over the last 50 years. Changes in 
precipitation are much more uncertain than temperature changes, as demonstrated in Figure 
2. The medium impact forecast indicates a decline in average annual precipitation for Albania 
of about 50 mm by 2050, most of this decline occurring in the lowlands AEZ. The range of 
outcomes across the low and high impact alternative scenarios, however, encompasses an 
increase in annual precipitation of 30 mm for low impact and a decrease of 90 mm for high 
impact. Uncertainty at the regional level is even higher: annual precipitation declines in the 
lowlands and intermediate AEZs, including areas around Lushnje, Vlores, Fushe-Kruje, and 
Shkodra, could be as large as 150 mm per year. Most models show that the mountainous areas 
of Albania, particularly around Korce, should experience only modest declines in annual 
precipitation.  
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Figure 1. Albania: Effect of Climate Change on Temperature through 2050 for the Three Climate 
Impact Scenarios 
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Figure 2. Albania: Effect of Climate Change on Precipitation through 2050 for the Three Climate 

Impact Scenarios 
 
Albania also has a history of relatively frequent flooding, especially in the last two decades. 
Flood events occur on a daily to weekly timescale, so the monthly data presented above does 
not reflect the risk that climate change can lead to more extreme precipitation and flooding 
events. During a large flood in December 2010, 14,000 hectares of Shkodra were submerged 
due to heavy rains and high-water levels of the river Drin. Flooding is a particular problem in 
the northwest, a region with minimal watershed management and poor infrastructure. Most 
prevalent in May–December, the floods have worsened in recent decades most likely due to 
deforestation, overgrazing, and erosion, combined with a lack of maintenance of drainage 
canals and pumping stations. In addition, river control programs were discontinued and 
reservoirs became silted. These disruptions led to a worsening of the hydroelectric and 
irrigation systems. Climate change could potentially increase the frequency and magnitude of 
flooding. While precipitation is only expected to increase in the low impact scenario by the 
2040s (see Figure 2), rainfall events in all scenarios are likely to be larger and less frequent. 
Additionally, increasing sea level rise and storm surges are expected to increase flooding in 
coastal areas. For the agriculture sector in Albania, floods are particularly problematic in the 
spring, when flooding can delay or prevent planting of summer crops, and during late summer, 
when flooding can destroy the entire year’s growth and prevent timely harvesting. Less 
serious flood events can reduce productivity through water logging of roots. The seasonal 
pattern of changes in climate are, however, more important for crop and livestock production 
than annual averages, particularly if no adaptation measures are adopted beyond those that 
farmers already employ (such as changing planting dates in response to temperature changes). 
The graphs provide the monthly temperature and precipitation results for Albania, showing 
that temperature increases are higher and precipitation declines greater in July and August 
relative to current conditions. The summer temperature increase can be as much as 4–5ºC in 
the northern mountains of Albania. In addition, forecast precipitation declines are greatest in 
the key May–September period when precipitation is already lowest, particularly in the 
southern and northern mountains 
 
3.1. Impact Assessment Results for Albania  
The monthly projections are further translated to daily projections for use in the crop models. 
These models provide results for climate change impacts to crops if no adaptation is 
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implemented. The results show that grapes and olives will be most affected by climate change, 
with declining grape yield in all AEZs and with olives particularly affected in the lowlands 
AEZ. Winter wheat yields could increase, however, as climate change will likely result in an 
extended growing season, more moderate fall and winter temperatures, and greater 
precipitation and water availability during the wheat growing season. Alfalfa production 
should also increase in most regions. The expected effects on maize vary by region, with yield 
increases in the southern highlands and decreases in other regions, probably because current 
temperatures are quite moderate in the mountainous southern highlands and a temperature 
increase could enhance yields. The other crops analyzed in this study should experience 
relatively modest crop yield changes compared with current yields. The study team also 
conducted a water availability analysis in Albania at the river basin level. They modeled the 
effect of climate change on water runoff in rivers for each basin and then used a second model 
to compare water supply results with forecasts of water demand for all sectors, including 
agriculture. Agricultural water demand for irrigation is derived from the crop model results.  
 

 
Figure 3. Benefit-Cost Analysis Results for Improved Drainage in Albania’s Lowlands AEZ—

Rehabilitated Drainage Infrastructure 

3. CONCLUSION  
 
In Albania, overall results suggest that water supply will decrease under the high and medium 
impact scenarios, and increase under the low impact scenario. Irrigation water demand is 
higher for all scenarios, particularly in the summer months. Nonetheless, in each of the four 
river basins of the country, because the baseline supply of water is so high, the analysis 
indicates there is no unmet water demand through 2050, indicating there will continue to be 
ample water available for both current levels of irrigation and expansion of irrigated areas, as 
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necessary. Effects on alfalfa and rainfed pasture crops summarized in the previous section 
present one type of climate change risk to livestock, an indirect effect. Effects of climate 
change on maize yields may also be linked to effects on livestock. As noted, for the medium 
scenario alfalfa and grassland yields are expected to increase in the northern mountains and 
southern highlands AEZs, where livestock makes up a larger percentage of overall agricultural 
productivity. Even under the high impact scenario, the effects on these crops in the higher 
elevation regions of Albania are relatively modest, with the temperature effects providing a 
boost to yield that generally balances or outweighs the negative effects of less precipitation. 
As a result, the indirect effects of climate change in areas where livestock are most important 
would range from relatively modest in the worst case to beneficial in the best case. The direct 
effect of climate change on livestock is also important and is linked to higher than opt imal 
temperatures for livestock, where heat can affect animal productivity and, in the case of 
extreme events, can lead to elevated mortality rates related to extreme heat stress. As noted 
previously, there is very limited information to characterize the direct effects of climate on 
livestock because the currently available methodologies are far less sophisticated than the 
crop modeling techniques or the water resource modeling techniques. 
 
It was conducted in the form of a detailed quantitative benefit-cost (B-C) analysis of 
adaptation options selected from this list to address seven adaptation issues in Albania, 
including the following:  

1. adding new drainage capacity;  
2. rehabilitating existing drainage infrastructure;  
3. adding new irrigation capacity;  
4. rehabilitating existing irrigation infrastructure;  
5. improving water use efficiency in fields;  
6. changing crop varieties; and  
7. optimizing fertilizer use. 

  
Some of these options included costs for extension programs, as appropriate, if enhanced 
extension was determined to be necessary to achieve the full benefits of the adaptation option. 
This is true for two of the selected options—improving water use efficiency and changing 
crop varieties. In addition, less detailed analyses were conducted of two other options: 
improving the hydrometeorological network and installing hail nets for selected crops. The 
assessments were conducted at the farm level on a per hectare basis and considered available 
estimates of the incremental cash costs for implementing the option as well as the revenue 
implications of increasing crop yields. 
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Climate change is one of the most serious global environmental problems. Due to this concern, 
the assessment of emissions and the calculation of a carbon footprint have continuously 
gained attention, especially as a starting point for reduction of environmental impact and 
eventually achieving carbon neutrality. Reducing the carbon footprint helps to meet the targets 
of the sustainable development goals (SDGs), with an emphasis on SDG13, which seeks 
urgent measures to combat climate change and its consequences. The objective of this paper 
is to calculate the carbon footprint of the Civil Engineering Faculty in Tirana. The calculation 
includes direct and indirect emissions of scope. This means that the data will refer to water 
and energy consumption, transportation mode and waste production in regard to the total 
number of students and professors. All the data mentioned here will be used in ClearPath 
software program that will do the calculation of the carbon footprint. This paper will show 
the importance of higher education institutions in undertaking research towards a sustainable 
future and to present different approaches to reducing carbon emissions. 

 
Keywords: Climate change, carbon footprint, carbon neutrality, emissions. 

1. INTRODUCTION  

Climate change refers to the steady and ongoing increase in the Earth's atmospheric 
temperature, primarily attributed to the release of vast amounts of greenhouse gases such as 
carbon dioxide, methane, fluorocarbons or chlorofluorocarbon, nitrous oxides or also known 
as greenhouse gases. [1] 
 
In September 2015, nations from across the globe came together to endorse Agenda 2030, a 
comprehensive framework committed to achieving sustainable development. The goal is to 
enable present generations to develop without compromising the opportunity of future 
generations to meet their own. [2] 
 
The carbon footprint is defined as a measure of the impact human activities have on the 
environment quantified in terms of the greenhouse gases emitted, primarily measured in 
carbon dioxide (CO2) units. [3] These emissions are measured using carbon dioxide 
equivalent. GHGs are gases that raise the earth's temperature through infrared absorption. 
Carbon dioxide and methane, which are carbon containing gases, are among the GHGs 
emitted through specific activities such as the burning of fossil fuels, land clearance, material 
production, wood usage, transportation, services, and construction. Addressing the challenge 
of reducing our carbon footprint requires efforts and increased emphasis on sustainable 
development initiatives and research.[4] 
 
A sustainable university can be defined as a higher educational institution that comprises and 
encourages the minimization of hostile environmental, economic, and societal impacts 
generated by use of their resources. While the environmental impact of universities may be 
relatively small compared to other sectors, the education sector delivers poignant knowledge 
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to all segments of society and act as anchors in the local and global communities as they serve 
as pioneers in scientific and technological advancements through research and the education 
of professionals.[5] Universities prioritizing sustainability will cultivate engineers engaged in 
seeking sustainable practice. Hence, it should be essential to develop sustainable universities 
from every point of view.[6] 
 
When calculating the carbon footprint, emissions are typically categorized into scopes and 
categories. A popular classification is presented by the GHG Protocol Corporate Standard. 
Their guideline proposed the division of the emitted greenhouse gases into three scopes. [7] 
Whilst Scope 1 (direct emissions from sources owned or controlled by the reporting 
organization) and Scope 2 (from purchased electricity) are the simplest to assign and 
calculate, Scope 3 emissions (the remaining indirect emissions from purchased and sold goods 
and services) are seldom quantified in their entirety [8]. 
 
The aim of this study is to calculate the carbon footprint of the Civil Engineering Faculty in 
Tirana using ClearPath software program. Considering direct and indirect emissions we will 
be able to identify the biggest contributors to the carbon footprint of the Civil Engineering 
Faculty building. Based on the results of our study we will be able to present different 
approaches to reducing carbon emissions and show the importance of higher education 
institutions in undertaking research towards a sustainable future. 
 
2. MATERIALS AND METHODS 

2.1. Study area. 

 This study was carried out at the Faculty of Civil Engineering, Polytechnic University of 
Tirana. The building was constructed in 2010 and has a surface area of   4881.9 m2. Figure 1 
shows the location of the building whereas space utilization is presented in the following 
Table 1. 
 

 
Figure 1. Location of Civil Engineering Faculty building (Source: Google Maps 2024) 
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Table 1.  Space utilization of the Civil Engineering Faculty building 

Space utilization used 
for the faculty and staff Quantity  Surface 

 area 
Lecture hall 9 158.3 m2 

Seminar classroom 7 455.6m2 

 
Laboratory 
 
Offices for the academic  
staff of the departments 
 
Offices for  
faculty’s  departments 
 
Dean/ Vice dean’s  office  
and dean’s secretary 
 
Secretary 
 
Offices for administrator 
 and finance 

 
9 
 
4 
 
 
4 
 
 
3 
 
 
1 
 
2 
 
 

 
780 m2 

 
58 m2 

 

 

152 m2 

 
 
117 m2 

 
 
60.3 m2 

 
38 m 2 

 
 

2.2. Data analyzing 

2.2.1   Data collection 
 
To calculate the carbon footprint of the Civil Engineering Faculty building, the dataset 
secured from the administrative staff ensured that all three scopes of emissions were included. 
The dataset spans from 2022 to 2023 and comprises water and energy consumption data, 
waste production and transportation mode data in regard to the total number of students in the 
faculty (2535 students) and professors (64 professors).  

 
Figure 2. Scope’s introduction (Source: EPA Center for Corporate Climate Leadership) 
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2.2.2   Methodology  
 
ClearPath, developed by the organization ICLEI, has emerged as a widely adopted emissions 
calculation tool utilized by cities worldwide. It has garnered significant attention, particularly 
within the United States. ClearPath is an online cloud-based emissions calculation tool that 
helps quantify and manage greenhouse gas emissions.[9] 
 
3. RESULTS AND DISCUSSION 

3.1   Results 
Table 2 shows the data used as input to calculate the carbon emissions from transport activity.  

Table 2. Transport data. 

  
Vehicles/day 

Traveled 
distance  
(km) 

Fossil fuel 
consumption 
(liters)  

40 8  
Diesel    3449.6 
Petrol 
Total  

  1478.4 
4928 

 
For every 100 km kilometers traveled, diesel vehicles consume approximately 7 liters of fossil 
fuel, while petrol vehicles consume approximately the same amount. This means that for a 
traveled distance of 8 km, a vehicle consumes 0.56 liter of fossil fuel. Considering that 70% 
of the vehicles use diesel, according to the administrative sources, and the remaining ones use 
petrol as a fuel, we were able to estimate the total fossil fuel consumption. 

 
Figure 4. Fuel usage distribution 

The amount of water consumption according to the secured data is 6198.8 m3 water for both 
drinking water and wastewater as well in 2023 and 8677.4 m3 in 2022. Taking into 
consideration the total number of students we can estimate that the two-year average water 
consumption per student is 0.35 m3 water. 
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Table 3 shows the data used as input to calculate carbon emissions from waste production in 
the faculty building. 

Table 3.  Waste production data. 

 

Students   

 Waste 
generation 
norm/year 
(kg/year) 

 2535 22 
 

 
Utilizing this data, we were able to estimate the total amount of generated waste per year in 
the building which is 55 m3 waste/year (1m3 per waste can). 
Table 4 shows the data used as input to calculate carbon emissions from electricity 
consumption in the faculty building. 

Table 4.  Electricity consumption data. 

 
 
 
 

3.2.   Discussion 
 
Applying the dataset in the ClearPath software program to calculate the carbon footprint of 
the Civil Engineering Faculty building, we were able identify the major contributor to carbon 
levels of emissions. 

Table 5.  Carbon emissions per activity 

 Activity   TCO2 / year 
 Transport 14.2 
 Electricity 126 
 
Total : 

Waste  
  

                0.36 
              140.56 

 
Based on the results shown in Table 5 we estimate that the total value of the carbon footprint 
of the Civil Engineering faculty is 140.56 TCO2 / year, and the activity that generated the 
most carbon emissions is electricity consumption with the value of 126 TCO2 / year.  

 Year 
2022 
(kW/h)   

  Year 
 2023 
(kW/h)   

Electricity 
consumption 124,324 86,891 
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Figure 3. Carbon footprint of the Civil Engineering Faculty 

 
Since it is evident that electricity consumption plays a major role in the quantity of the carbon 
footprint of the Civil Engineering Faculty building, we need to apply a mitigation measure. 
Referring to our administrative sources, the faculty’s building lacks thermal insulation, 
making it difficult to mitigate heat transfer. By proper installation of insulation using energy-
efficient materials that would reduce the heat loss or heat gain, we would be able to reduce 
the energy cost as the result.[10] 
Additionally, we evaluated the carbon emissions resulting from fossil fuels utilized by these 
vehicles which resulted in the total value of 14.2 TCO2 / year and the amount of carbon 
emissions from generated waste which was estimated to be 0.36 TCO2 / year. 

4. CONCLUSIONS AND RECOMMENDATIONS 

Climate change is one of the most pressing global challenges. The increased amount of 
greenhouse gases makes reducing carbon emissions an important goal. Higher education 
institutions are responsible for cultivating an environment that ensures that students will lead 
the future by providing sustainable solutions. 
The aim of this paper was to calculate the carbon footprint of the Civil Engineering Faculty 
building using the ClearPath software program. The total amount of the carbon footprint was 
140.56 TCO2 / year. The activity that generated the most carbon emissions was electricity 
consumption with the estimated value of 126 TCO2 / year. 
To reduce the impact of carbon emissions here are recommendations proposed. Encouraging 
the use of public transport and switching to low emissions vehicles will have an impact on the 
carbon footprint. Furthermore, one of the most effective forms to reduce carbon emissions is 
educational campaigns, informative lectures, sustainability training programs and workshops 
around the faculty. These should aim to educate students and faculty on how to reduce their 
annual consumption of utilities such as electricity, water, and paper. [11] 
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Human activities have had a huge impact on climate change, which has become one of the 
most important phenomena in the last decades. Because of its negative effects in the 
sustainable development on our planet, taking effective measures to protect the planet has 
become one of the main goals for many countries. In the last year, the Agenda for Sustainable 
Development 2023 painted an alarming picture for the future of the planet, where the 
measurements of its 17 goals showed a decrease in many of the targets which are directly 
connected to climate change. That is why the need to take quick measures has become very 
important. The aim of this paper is to show the importance of taking actions and applying 
effective measures in an area where the human impact should be on a smaller scale. The case 
study of this paper is Baks Rrjoll, a protected area near Shkoder, which has a great potential 
to transform it into the next popular tourist spot. The main goal of this transformation of Baks 
Rrjoll is to become an example for other protected areas or areas that have the potential to 
become one. In this paper the focus will be on measures that affect the fields of water 
conservation, water efficiency, energy efficiency, waste management and most importantly 
protecting the biodiversity of species.                 

 
Keywords: Climate change, sustainable development, protected area. 
 

1. INTRODUCTION  

Climate change refers to long-term shifts in temperatures and weather patterns. Even though 
these temperature changes can be natural, since the 1800s human activities have had the most 
important role in climate change, the main cause being burning of fossil fuels, which generate 
greenhouse gas emissions that trap the sun’s heat and raise temperatures. [1] The Earth's 
surface now registers an average temperature approximately 1.1°C higher than in the late 
1800s, preceding the industrial revolution, surpassing warmth levels observed in the past 
100,000 years. Since the Earth is a system, rising of temperatures aren’t the only concern. [1] 
Climate change repercussions encompass a spectrum of impacts, including intense droughts, 
water scarcity, severe fires, rising sea levels, flooding, melting polar ice, catastrophic storms 
and declining biodiversity. [1]  
Sustainable development meets the needs of the present without compromising the ability of 
future generations to meet their own needs. The cornerstone of global collaboration lies in 
sustainability, epitomized by the 2030 Agenda for Sustainable Development  and its’ 
Sustainable Development Goals (SDGs).  [2] The Global Sustainable Development Report 
(GSDR) was created in “The Future We Want,” the outcome of the Rio+20 conference on 
sustainable development, where the groundwork for the 2030 Agenda for Sustainable 
Development and the 17 associated Sustainable Development Goals (SDGs) were being 
layed. [3]  
In the last year, the Agenda for Sustainable Development 2023 painted an alarming picture 
for the future of the planet, where the measurements of its 17 goals showed a decrease in 
many of the targets which are directly connected to climate change. [4] The aim of this paper 
is to show the importance of taking actions and applying effective measures in an area where 
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the human impact should be on a smaller scale, such as a protected area, in this case Baks 
Rrjoll, a protected area near Shkoder, which has a great potential to transform it into the next 
popular tourist spot. [5] This transformation will help the environment and the economic 
aspects of the state. [5]   

2. MATERIALS AND METHODS 

2.1.SDG Evaluation 

The Sustainable Development Goals (SDGs), also known as the Global Goals that The United 
Nations adopted in 2015, aiming to universally address poverty, safeguard the planet, and 
strive for global peace and prosperity by 2030. [6] The 17 SDGs recognize that action in one 
area will affect outcomes in others; therefore the development must balance social, economic 
and environmental sustainability. Achieving the Sustainable Development Goals (SDGs) in 
any setting requires harnessing the creativity, expertise, technology, and financial resources 
of all sectors of society. [6] 
 

2.1.1. SDG  Goals 

From the 17 SDGs that are set in the Sustainable Development Report, 7 are the ones that are 
closely tied to environmental problems. [6] 

1. Good health and well-being→the main goal of this indicator is to substantially 
reduce the number of deaths and illnesses from hazardous chemicals and air, water 
and soil pollution and contamination by 2030. Also part of this goal is to strengthen 
the capacity of all countries, in particular developing countries, for early warning, 
risk reduction, and management of both national and global health hazards. [6] 

2. Clean water and sanitation→many countries are experiencing water stress, and 
increasing drought and desertification is worsening water shortening. By 2050, it 
is projected that at least one in four people will suffer recurring water shortages. 
[6] 

3. Affordable and clean energy→ as the population expands, the demand for 
affordable energy escalates, but relying on fossil fuels exacerbates climate change. 
To attain SDG 7 by 2030, it's crucial to invest in solar, wind, and thermal power, 
enhance energy efficiency, and ensure universal access to energy. [6] 

4. Sustainable cities and communities→ the swift expansion of cities due to rising 
populations and migration has sparked a surge in mega-cities, particularly in the 
developing world, where slums are becoming a more significant feature of urban 
life. [6] Making cities sustainable means creating career and business 
opportunities, safe and affordable housing, and building resilient societies and 
economies. [6] 

5. Climate action→ the main purpose of this goal it to strengthen resilience and 
adaptive capacity to climate-related hazards and natural disasters in all countries; 
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also to integrate climate change measures into national policies, strategies and 
planning 

6. Life below water→ this SDG strives to sustainably preserve and safeguard marine 
and coastal ecosystems from pollution, while also tackling the consequences of 
ocean acidification. Strengthening conservation efforts and promoting the 
sustainable utilization of ocean resources through international legal frameworks 
will aid in addressing the various challenges confronting our oceans. [6] 

7. Life on land→ the main purpose is to ensure the conservation, restoration and 
sustainable use of terrestrial and inland freshwater ecosystems and their services, 
in particular forests, wetlands, mountains and drylands, in line with obligations 
under international agreements. [6] 

2.1.2.       SDG Report for Albania       

According to continuous monitoring, Albania ranks 54th out of 166 countries that have signed 
the agenda. Most of the indicators show an overview of problems that are aggravating in some 
areas of life. [7] In figure 1 are shown the trends of SDGs in Albania, highlighting the main 
7 SDGs: 

 

Figure 1. SDG parameters for Albania 

As noted above, apart from indicator 13 for climate change, most of the indicators related to 
the environment have numerous problems, where underwater life is the most endangered. 
[7] 

2.1.3      Report of 2023-Special Edition 

The 2023 report on sustainable development underscores the urgent need for decisive and 
stringent action due to the lack of significant progress. Progress on over 50 percent of the 
targets remains weak and insufficient, with 30 percent either stagnant or regressing, 
particularly in critical areas such as poverty, hunger, and climate change. [4]  
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The compounding crises of the COVID-19 pandemic alongside climate change, biodiversity 
loss, and pollution are inflicting severe and enduring consequences. These challenges are 
further exacerbated by conflicts, leading to heightened food and energy costs, and triggering 
a global cost-of-living crisis that affects billions. [4] Moreover, the planet is experiencing its 
highest extinction rate since the age of dinosaurs, while plastic pollution in the oceans 
exceeded 17 million metric tons in 2021, with projections indicating a potential doubling or 
tripling by 2040. [4] 

2.2        Strategic Plan for Baks Rrjoll development 

The village of Baks-Rrjoll is nestled in the southeastern region of Velipoja town, 
approximately 30 km (19 miles) from Shkodra. It resides within a diverse coastal ecosystem, 
boasting natural dunes, alluvial forests, temporary ponds, wetlands, agricultural  fields, and a 
sandy beach. [8] 

The lands and wetlands of Baks-Rrjoll represent a crucial habitat for waterflow. The town 
stands on a rich European bird migration route. As such, it is also a RAMSAR zone with key 
regional bio centers and bio corridors. [8] 

The Strategic Plan considers Baks Rrjoll as a new potential touristic spot, which will 
encourage sustainable development of other protected areas; also will bring many economical 
contributions to the country. [8] Even though Baks Rrjoll is near other touristic places, the 
main problems which it faces are the lack of basic infrastructure, such as roads, sewer systems, 
accommodation structures, etc. [8]  

 

Figure 2. Vision plan of Baks Rrjoll 

https://www.ramsar.org/
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4. RESULTS AND DISCUSSION 

To turn Baks Rrjoll is a sustainable tourist spot there are measures that have to be taken in 
different aspects of environmental issues. [5] 

1) Alternative energy source 
To maximize energy production and solar energy, there will be three different ways to use 
solar panels; one being energy production, 2nd for water warming and the last usage for 
lighting. [5] 

2) Efficient water usage 
Because of a regular rainfall regime in Baks Rrjoll, collecting and using rainwater for 
sanitation purposes, plant watering and for any non-drinking purposes, it will become one of 
the main resources to be used in this place. [5] The RWH system’s elements are catchment 
area, transportation, flushing and filter media (Sand gravel filter/Charcoal filter). [5]  

 
Figure 3. Elements and purpose of RWH 

 
3) Waste water management 

Wastewater will be collected in a main manhole that will be connected with a pumping station, 
which will send the collected water at Velipoje Wastewater Treatment Plant. [5]  
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Figure 4. Sewer system of collecting wastewater 

 
4) Protecting the natural view 

The main measures to help the view of the lagoon are to build lower buildings that should be 
hidden to the species, especially the migratory birds; another one is planting autochthonous 
species of plants. [5] 

5) Protecting the wildlife 
To protect the wildlife it is needed to restore their natural habitats by stopping deforestation 
and illegal hunting. Another way that can be used to help wildlife is to create green corridors, 
mainly alongside the sea shore. [5] 

6) Air pollution 
Even though air monitoring evaluated the air as the perfect condition, still there are measures 
to be taken so this evaluation doesn’t digress, some of which are promoting bicycle use, 
improving road infrastructure and public transportation. [5]  

5. CONCLUSION 

The 2023 report on sustainable development underscores the urgent need for decisive and 
stringent action due to the lack of significant progress. Human activity has had significant 
impact on climate change evidently in protected areas as well. The aim of this paper is to show 
the importance of taking actions and applying effective measures in the protected area of Baks 
Rrjoll, near Shkoder. This protected area is classified as a RAMSAR zone with a potential to 
become a touristic spot; nonetheless there are several issues present here. 
Some proposed measures to ensure the future sustainability development of this area include: 

1- Utilization of alternative energies, specifically solar panels to maximize energy 
production and usage. 

2- Efficient water usage to turn the regular rainfall regime as a great useful resource.  
Taking these measures in a protected area, can hopefully become a model of sustainability 
and speed up the progress towards achieving SDG goals in other protected areas as well. 
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This paper aims to provide an essential analysis on climate change, including its impact at the 
global level and the main causes that influence this phenomenon. Climate change has declared 
a serious challenge for the international community, bringing great consequences for the 
environment, economy and society. To understand this challenge, the main causes of climate 
change will be examined, including the impact of human activity and natural processes. In 
addition, we will analyze sea level rise, changes in rainfall patterns, global warming and 
droughts. These changes have a direct impact on terrestrial and marine ecosystems, with 
consequences for biodiversity and human life. Through a sustainable approach and 
international cooperation, it is possible to reduce pollution, promote renewable energy, and 
take effective actions to adapt and mitigate the negative impacts of climate change. It then 
focuses on the analysis of climate change in the context of India and the country's efforts to 
address its challenges. India, as a country with a large population and a growing economy, is 
experiencing major impacts from this global crisis. In this part of the paper, we will examine 
the main causes of climate change in India and their impact. Also, we will analyze the impact 
of these changes on key sectors of the Indian economy, including agriculture, the energy 
sector and public health. We will then focus on India's efforts and strategies to cope with 
climate change. For this reason, we will analyze India's current plans and policies related to 
reducing emissions, increasing public awareness and improving adaptation capacities. 
Finally, we will draw conclusions and recommendations to improve India's current efforts in 
the fight against these changes and the comparison of India with the Republic of Kosovo. 

Keywords: Climate Change, Impacts, India, Measures, Effects. 

1. INTRODUCTION 
Climate change refers to long-term shifts in temperatures and weather patterns. These changes 
may be natural, such as those arising from variations in the solar cycle, but since the 1800s, 
human activities have become the primary drivers, notably the combustion of fossil fuels like 
coal, oil, and gas. This combustion releases significant quantities of greenhouse gases, 
including carbon dioxide and methane, intensifying the greenhouse effect and increasing 
global temperatures. Consequently, the world faces diverse climate change consequences, 
including rising sea levels, more severe droughts, more intense storms, and significant 
biodiversity loss. To mitigate these challenges, it is critical to reduce emissions, adapt to the 
impacts of climate change, and finance necessary mitigation measures. These measures 
include keeping fossil fuels in the ground, investing in renewable energy sources, and 
transitioning to sustainable transportation systems. The effects of climate change are evident 
worldwide, with India being particularly affected. In India, climate change manifests through 
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irregular weather patterns, rising sea levels, and melting glaciers, which broadly impact 
human health, economic stability, and access to natural resources like clean water [1][4-5].  

 

Despite having a population that constitutes 17% of the global total, India only emits 7% of 
the world's greenhouse gases, amounting to about 3 gigatons of carbon dioxide annually. This 
places India under significant pressure to enhance its emission reduction goals and to adopt 
clean energy technologies. Effective management of water resources and protection against 
frequent floods and droughts are unique challenges that India faces. The country's response 
to these issues will play a crucial role in shaping the global climate policy landscape [2-4]. 

1.1.Effects of climate change in India. 
The Main Effects of Climate Change in India Include: 

Extreme Heat: India experiences temperature rises that cover large areas, predicting new 
climatic regimes with high temperatures that will heavily impact agriculture. Changes in 
Precipitation Patterns: Monsoon rains have decreased since the 1950s, and the summer 
monsoon is expected to become very unpredictable. Global warming will make wet years 
wetter and dry years drier. 

Droughts: In areas like northwest India and the regions of Jharkhand, Orissa, and 
Chhattisgarh, droughts are expected to become more frequent and severe, causing significant 
drops in crop yields [7][11].  

Groundwater: Overuse and declining groundwater levels due to high demand from a growing 
population and lifestyle changes, particularly in the service and industrial sectors.  

Figure 1. The State of the World as a 
Result of Climate Change United Nations. 

 

 

 

 

Figure 3. New Delhi, India: People walk through a dried-up riverbed on a hot summer day in New 
Delhi. 

Figure 2. Nagaon, Assam, India - May 19, 
2022: Heavy water flow washed away a 

significant section of the Nagaon Road in 
Kampur at Kathiatoli village in the Nagaon 

district of Assam. 
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Glacial Melt: Melting of the Himalayan glaciers and loss of snow cover could affect the 
stability of North India's rivers like the Indus, Ganges, and Brahmaputra, impacting irrigation 
and food production.  

Sea Level Rise: Significant increases in sea levels and storm intensity will lead to the intrusion 
of saltwater into coastal areas, degrading the quality of groundwater and causing health 
problems such as diarrhea and cholera [4][7][11-12].  

Food and Energy Security: Water scarcity and increased health risks are expected to drive 
migration, political conflicts, and heighten food and energy insecurity.  

Global Effects: Increased Global Average Temperature-The global average temperature has 
risen significantly, characterized by ocean warming and the reduction of ice sheets in both 
hemispheres. This warming has led to the decline of Arctic Sea ice and the intensification of 
extreme weather events such as heavy rainfall and heatwaves.  

Ocean Acidification- The acidification of the oceans has increased due to the large amounts 
of carbon dioxide absorbed by ocean waters. This has created significant risks for marine 
ecosystems, affecting the health and sustainability of marine life, which depend on stable pH 
levels to thrive. The ongoing acidification poses a threat not only to species that rely on 
calcareous structures, such as corals and shellfish, but also to the broader ecological balance 
of the oceans. These effects present a serious challenge for India in managing the 
consequences of climate change, requiring coordinated actions for adaptation and mitigation 
[11-16]. 

2. CONFRONTING CLIMATE CHANGE IN INDIA 

Figure 5. Implications of Global Warming for India 

Figure 4. Assam, India: In 2022, devastating floods and landslides in Assam have resulted in the 
tragic loss of 197 lives. 
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To cope with the effects of climate change, India should focus more on adaptation strategies 
than on mitigation, which are more critical for developed countries. Here are two main steps 
India could take to address climate change: 

I. Interlinking of Rivers (ILR): The ILR aims to utilize water resources more efficiently 
through the construction of new dams and canals that would allow the transfer of water 
from flood-prone areas to water-scarce regions. This would help combat frequent 
floods and droughts in various parts of India.The project involves building 3,000 new 
dams and 15,000 km of new canals, potentially adding 35 million hectares of land 
under cultivation and generating 34,000 MW of hydroelectric power. 

II. Genetically Modified (GM) Crops: The use of GM crops can be a critical part of 
"climate-smart agriculture," where drought-resistant crops and those that produce high 
yields under specific climatic conditions can minimize environmental impact and 
improve food security. Despite resistance to GM technology in India, a review of 
policies to include these globally proven technologies is necessary, as they can play a 
significant role in adapting agriculture to climate changes. 

Adaptation strategies are essential for managing the current and inevitable consequences of 
climate change, such as storms, floods, and droughts that continuously challenge India's 

infrastructure and economy. While mitigation remains important for slowing future changes, 
adaptation is crucial for ensuring that India and other developing countries survive and thrive 
under new climatic conditions. In addition to these steps, it is vital that new policies and 
initiatives are supported by further studies and sustainable funding to ensure they are effective 
and sustainable in the long term [15-17]. 

3. FACTORS INFLUENCING THE EMERGENCE OF SUCH CHANGES 
To effectively tackle climate change, recognizing the factors that influence a region's climate 
is crucial. In India's case, these factors are divided into two main categories: natural and 
anthropogenic [14]. 

Natural Factors 

• Continental Drift: The movement of tectonic plates changes the positions of continents 
and bodies of water, influencing ocean currents and winds, which bring long-term 
climate changes. 

Figure 6.  Floods in Assam because of Climate Change. A typical submerged house is an innovative way to keep 
floodwaters at bay as it is built on an elevated platform supported by bamboo stilts. 
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• Volcanism: Volcanic eruptions release gases and particles into the atmosphere, block 
solar rays, and can lead to temporary global cooling. 

• Changes in Earth's Orbit: Variations in Earth's orbit, such as eccentricity, axial tilt, 
and axial precession, affect the distribution of solar radiation on Earth, causing 
Milankovitch cycles associated with ice ages and interglacial periods. 

Anthropogenic Factors 

• Greenhouse Gases: Gases like CO₂ absorb infrared radiation emitted by Earth, causing 
global warming through the greenhouse effect. 

• Atmospheric Aerosols: These particles directly affect the climate by absorbing and 
scattering solar radiation. They indirectly influence by altering cloud formation and 
properties. 

• Land Use Changes: Replacing forests with agricultural land or urban infrastructure 
increases the absorption of solar radiation and the amount of moisture evaporated, 
affecting the climate. 

• Albedo:Changes in the Earth's surface reflectivity affect how much solar radiation is 
absorbed or reflected back into space, impacting global temperatures. 

India-Specific Climate Factors 

• Geographic Latitude:The impact of sunlight varies from the equator towards the poles, 
affecting temperature. 

• Altitude:Temperature decreases with an increase in altitude above sea level. 
• Pressure and Wind Systems:Influence temperature depending on geographic latitude 

and altitude. 
• Proximity to the Sea (Continentality):Areas close to seas have milder climates 

compared to more remote areas that experience more extreme conditions. 
• Ocean Currents:Warm or cold currents affect local temperatures. 
• Relief Features:Mountains can block cold or warm winds, affecting local climate. 

 
4. COMPARATIVE ANALYSIS OF CLIMATE CHANGE IMPACT: INDIA VS. 

REPUBLIC OF KOSOVO 
Since the conclusion of the armed conflict in 1999, Kosovo has embarked on significant 
reconstruction and strengthening of its physical and legislative infrastructure. Despite these 
efforts, adapting to climate change remains a formidable challenge, exacerbated by a lack of 
sufficient country-specific studies addressing climate trends, forecasts, and impacts. Kosovo’s 
economy has steadily grown since its unilateral declaration of independence in 2008. 
However, the rates of unemployment and poverty remain among the highest in Europe. While 
the large service sector (67% of GDP) is less vulnerable to climate impacts, agriculture (14%) 
and industry (19%) are critical economic drivers that are highly susceptible to water shortages, 
heatwaves, droughts, and floods. Rapid construction since 1999, combined with poorly 
regulated land use and disregard for building codes, has rapidly increased the population's 
exposure to risks. The mild winter and dry February of 2014, followed by a record wet April, 
led to extraordinary rainfall, causing rapid flooding and severe damage to infrastructure, 
particularly in northern Kosovo. The extraction of lignite (low-energy, high-pollution coal) 
and mineral deposits, inadequate wastewater treatment, and a lack of public environmental  
awareness contribute to serious air and water pollution and environmental degradation 
challenges that Kosovo is striving to manage; these will complicate the impacts of climate 
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change. Between 2004 and 2008, 80% of Kosovo's municipalities suffered from water 
shortages due to hydrological droughts and mismanagement of water resources. In the winter 
of 2014, following the depletion of reservoirs due to low snow and rain levels, the state and 
water company-imposed water rationing in Pristina, the capital. Kosovo also faces risks from 
flooding in lowlands, floods in mountainous areas, and dam breaches. The risk of flooding 
and potential damage costs is exacerbated by poorly maintained river channels, gravel 
extraction from embankments (flood protection barriers), and construction in flood-prone 
areas [6][8]. 

In India, a noticeable decline in monsoon rainfall has been observed since the 1950s, along 
with an increased frequency of heavy rainfall events. A sudden change in the monsoon could 
precipitate a major crisis, causing more frequent droughts and greater flooding across large 
parts of India. Analyzing a trend of rising temperatures and declining rainfall from 1970-2015, 
the 2018/19 economic survey noted that in years when rainfall levels drop 100 mm below 
average, farmers' incomes fall by 15% during the seasons. The survey highlighted that climate 
change could reduce annual agricultural incomes by an average of 15% to 18%, and up to 20-
25% in rainfed areas. It emphasized that climate change will increase farmers' insecurity and 
called for effective crop insurance and the use of technology to make agriculture more 
efficient. The frequency of extreme weather events such as floods and heatwaves is predicted 
to increase significantly in India in the future due to climate changes, according to a study by 
researchers at the Indian Institute of Technology, Gandhinagar [9]. 

The challenges faced by Kosovo highlight the urgent need for coordinated action to build 
resilience and reduce vulnerability to climate change. Similarly, India's experience underlines 
the importance of integrating climate adaptation strategies into national development policies 
to safeguard and enhance the livelihoods of vulnerable populations [6] [8-9]. 

5. RECOMMENDATIONS FOR ENHANCING CLIMATE CHANGE RESILIENCE 
AND SUSTAINABILITY IN INDIA&KOSOVO 

 
➢ Emission Intensity Reduction Goal: Aim to reduce greenhouse gas emission intensity 

by 45% below the 2005 levels by the year 2030. This target reflects India's 
commitment to reducing its carbon footprint through efficiency improvements and 
renewable energy investments. 

➢ Renewable Energy Capacity Goal: Target to achieve 50% of cumulative installed 
electric power capacity from non-fossil fuel sources by 2030. This includes 
expansions in solar, wind, hydro, and nuclear energy sectors, bolstering India's shift 
towards a sustainable energy future. 

➢ Carbon Sequestration Initiative: Establishment of a carbon sink that will capture and 
store between 2.5 to 3 gigatonnes (Gt) of CO2 by 2030. This will be achieved through 
the enhancement of forest cover and other natural or artificial reservoirs, including 
potential use of underground formations and oceans for long-term CO2 storage. 

➢ Low-Carbon Rural Development: Approximately two-thirds of the Indian population 
resides in rural areas, often on small farms with minimal access to electricity. These 
areas are particularly vulnerable to the adverse effects of climate changes such as 
droughts and pollution, which threaten their agricultural bases and livelihoods. 

➢ Clean Cooking Solutions: About 70% of the population uses traditional stoves that 
burn biomass such as wood and dung. The promotion of biogas units in households 
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and communities aims to replace these with clean-burning methane stoves, reducing 
indoor air pollution and associated health risks. 

➢ Efficient Stove Replacement: Replace conventional wood-burning stoves with more 
efficient models to decrease smoke emissions and improve air quality within homes. 

➢ Solar-Powered Lighting: Expand access to solar-powered lighting solutions in rural 
areas to reduce reliance on kerosene lamps, thereby cutting down emissions and 
improving household safety. 

➢ Promotion of Climate-Smart Agricultural Practices: Foster scientific and economic 
promotion of climate-smart agricultural techniques using information technology 
platforms, including smartphone applications. These tools can help farmers make 
informed decisions that optimize resource use and enhance crop resilience against 
climate variability. 

➢ Clean Transport Options: Use public transportation, carpooling, or bicycles to reduce 
emissions. 

➢ Minimize and Recycle Waste: Use recyclable products and reduce waste generation 
by choosing products with minimal packaging. 

➢ Reduce Water Usage: Implement water-saving measures at home and maintain high 
water quality. 

➢ Support Conservation Efforts: Participate in and support local and international 
projects aimed at environmental conservation and restoration. 
 

6. CONCLUSION  
India's response to climate change is a complex interplay of economic growth, technological 
advancement, and policy initiatives aimed at sustainable development. With a large and 
diverse geographical area, India faces significant challenges from extreme weather events, 
including cyclones, floods, and droughts. The government's ambitious targets to reduce 
emission intensity by 45% by 2030 and achieve 50% of its energy capacity from non-fossil 
fuels are commendable steps toward mitigating climate impacts. Furthermore, initiatives like 
massive afforestation programs and the promotion of renewable energy sources reflect a 
robust commitment to environmental sustainability. However, vast segments of the rural 
population still suffer from inadequate access to clean energy and water resources, 
highlighting a critical area for ongoing focus and improvement. The adaptation measures, 
while extensive, need continuous strengthening to align with the escalating frequency and 
severity of climate phenomena due to global warming. 

Since the end of its armed conflict in 1999, Kosovo has made significant strides in rebuilding 
its infrastructure and legislative frameworks. However, climate change adaptation remains a 
nascent field with considerable challenges ahead. The lack of comprehensive climate studies 
specific to Kosovo hampers effective planning and response strategies. Vulnerabilities in 
agriculture and industry due to erratic weather patterns, such as increased precipitation 
variability and rising temperatures, are acute concerns that threaten economic stability and 
livelihoods. Kosovo's efforts to manage environmental issues, particularly regarding air and 
water quality affected by lignite mining, are critical in shaping its environmental future. The 
country's focus on enhancing rural resilience through sustainable practices and clean energy 
access is essential but requires substantial international support and technological transfer to 
achieve significant impacts. 
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Both India and Kosovo are at pivotal stages in their climate change adaptation journeys. While 
India's scale and scope of initiatives are vast and integrated into its national development 
agenda, Kosovo's smaller scale efforts are equally vital for its environmental and economic 
health. Both nations exemplify the urgent need for global cooperation in climate technology, 
finance, and policy innovation to combat the adverse effects of climate change effectively. 
Moving forward, enhancing local capacities, investing in sustainable technologies, and 
fostering international partnerships will be crucial for both countries to meet their 
environmental and economic goals in the face of global climate challenges. 
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Climate change impacts on different stages of waste management system  

Kristjana Omeri, Vlorlinda Daja, Teida Shehi, Konalsi Gjoka   
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Tirana, Albania  

Global warming is becoming one of the greatest challenges of the century, bringing 
significant impacts on all aspects of human life and the environment. The waste management 
system emerges as one of the most affected and sensitive aspects to global temperature rise, 
changes in precipitation patterns, and extreme weather events. The increase in temperature 
complicates the waste collection processes, causing equipment to overheat and increasing the 
risk of fires in landfills. Additionally, it also increases energy consumption for recycling 
processes, making it more difficult to control carbon emissions. Furthermore, the sea level 
rise also poses significant challenges too. Coastal flooding impacts waste collection routes 
inaccessible, hindering the movement and transportation of waste, which consequently may 
damage the recycling facilities and generate large volumes of household waste in affected 
areas. Extreme precipitation events and extreme droughts seasons have caused low stability 
in land structures by massive flooding events and unexpected land erosion, which may affect 
waste collection routes. The escalation of risk also comes from strong winds, cyclones, and 
hurricanes, which can cause considerable damage to waste management infrastructure and 
pose the risk of dispersing hazardous objects or toxic materials into the environment. This 
article tries to analyze the complex relationship between climate change and waste 
management, highlighting their interaction and explaining the challenges and opportunities 
to address how the climate change effects as temperature increase, sea level rise and extreme 
precipitation. The study tries to present several measures beyond the effects of climate change 
that can be taken to improve and prevent negative effects into the waste management system, 
followed by the development of risk management plans to prevent damage and ensure safety 
at waste landfill sites.  

Key words: Climate change, waste management, temperature rise, precipitation, extreme 
weather, sea level rise. 

1. INTRODUCTION  

The Earth’s surface temperature has increased over the last decades, with global temperatures 
rising by 0.7 to 0.9 degrees Celsius every century since early 1900. In addition, since the 
1980s, the rate of worldwide surface temperature warming has almost doubled, from 1.5 to 
1.8 degrees per century. 
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Figure 1. Global average temperature compared with mid-20 century 

 
Climate change caused by global warming affects both the atmosphere and human life and is 
causing frightening changes in our biological system and the natural environment. Extreme 
weather, increased fire risk, environmental destruction, and the spread of contagious diseases 
are all illustrations of environmental dangers to human health that are becoming more 
prevalent. 

 

2. CLIMATE CHANGE IMPACTS ON DIFERENT STAGES OF WASTE 
MANAGEMENT SYSTEM 

 
2.1.Waste generation process. 

Waste generation is influenced by socio-economic factors, population growth, urbanization, 
and consumption patterns, all of which are interconnected with climate change. Here's how 
climate change affects waste generation: 

• Rising temperature  
Increased Consumption: As temperatures rise, energy demands for cooling systems 

escalate, leading to higher energy consumption and consequently increased waste generation 
from packaging materials, electronic devices, and appliances. 

Changes in Food Habits: Climate change affects agricultural productivity, leading to 
shifts in food habits. This can influence the types and amounts of food waste generated, 
impacting the overall waste stream. 

• Changes in Precipitation 
Infrastructure Damage: Increased generation of waste from damaged equipment and 

infrastructure because of flooding from increased precipitation. 
• Extreme Weather  

Natural Disasters: Climate change is associated with an increase in the frequency and 
intensity of extreme weather events like hurricanes, floods, and wildfires. These events 
generate large quantities of waste, including debris, hazardous materials, and damaged 
infrastructure. 

• Sea – Level Rise 
Flood: Sea level rise leads to the production of larger volumes of waste in flood prone 

areas, bringing large quantities of mud, clay, and gravel. 
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2.2.Waste Collection process. 

Waste collection is a crucial stage in the waste management system, responsible for 
gathering waste from households, businesses, and public spaces for transportation to treatment 
or disposal facilities. Climate change impacts waste collection in various ways: 

• Rising temperature  
Worker Exposure Risks: Waste collection workers are often exposed to outdoor 

conditions for extended periods, increasing their vulnerability to heat stress and other weather-
related hazards. Heatwaves associated with climate change can exacerbate these risks, leading 
to adverse health effects among workers.  

Vector-Borne Diseases: Changes in temperature and precipitation patterns can affect 
the distribution and abundance of disease vectors such as mosquitoes and rodents.  

Changes in collection process: Increased frequency of collection due to decomposition 
of waste, deterioration of odor requiring more frequent collection of waste. Overheating of 
collection vehicles requiring cooling capacity, including extending motor life. 

• Changes in Precipitation 
Access Challenges: Changes in precipitation patterns and the occurrence of landslides, 

floods or mudslides can obstruct access to certain areas, particularly in rural or remote regions. 
This can pose challenges for waste collection in these communities. 

• Extreme Weather  
Disruption of Collection Services: Extreme weather events such as hurricanes, floods, 

and heavy snowfall can disrupt waste collection schedules and operations. Flooding may 
render roads impassable, while high winds can damage collection vehicles and infrastructure.  

Increased Frequency of Events: Climate change is associated with an increase in the 
frequency and intensity of extreme weather events, leading to more frequent disruptions in 
waste collection services and challenges in maintaining regular schedules. 

• Sea – Level Rise 
Damage to Collection Infrastructure: Climate-related phenomena such as sea-level rise 

and coastal erosion can threaten waste collection infrastructure located in coastal areas. 
Damage to transfer stations, sorting facilities, and storage depots can hinder the efficiency 
and reliability of waste collection services. 
 
2.3.Recycling and treatment  

Recycling and treatment are essential components of the waste management system, 
aimed at diverting waste from landfills, recovering valuable materials, and minimizing 
environmental impacts. Climate change influences recycling and treatment processes in 
several ways: 

• Rising temperature  
Scarcity of Resources: Climate-related events such as droughts or wildfires can 

exacerbate resource scarcity, affecting the availability of materials for recycling and treatment 
processes. 

Equipment: Damaged recycling and treatment equipment, reduced worker productivity, 
and increased demand for space – cooling and overheating of sorting equipment due to the 
increase in temperature. 

Energy: Rising temperatures put a strain on energy usage during recycling and 
production, leading to higher energy consumption. 

• Changes in Precipitation 
Infrastructure: Damaged recycling and treatment infrastructure and equipment because 

of flooding from increased precipitation. 
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• Extreme Weather  
Infrastructure damage: Damaged recycling and treatment infrastructure and equipment 

because of strong winds, heavy rainfall, or heat waves 
• Sea – Level Rise 

Infrastructure: Damaged coastal recycling and treatment infrastructure and equipment.  
 
2.4.Waste Disposal  

Waste disposal is the final stage in the waste management process, involving the safe 
and environmentally sound disposal of residual waste that cannot be recycled or treated. 
Climate change influences waste disposal practices and facilities in several ways:  

• Rising temperature  
Fires: The rise in temperature can alter the chemical reactions between different 

materials in landfills, potentially resulting in materials that are more prone to combustion.  
Gases: Higher temperatures can affect the production process of methane gas from 

decomposition of organic materials in landfills. 
• Changes in Precipitation 

Landfill Operations: Climate change can impact landfill operations through changes in 
precipitation patterns, leading to variations in leachate generation and landfill gas production. 
Proper landfill management practices are essential to mitigate potential environmental risks . 

• Extreme Weather  
Extreme Weather Risks: Climate-related hazards such as hurricanes, floods, and 

wildfires can pose risks to hazardous waste storage and disposal facilities. Enhanced risk 
management and preparedness measures are crucial to minimize the potential for 
environmental contamination and human health impacts. 

• Sea – Level Rise 
Land Use Planning: The rise in sea levels and heightened flood hazards linked to 

climate change might require alterations in landfill location and layout to mitigate 
contamination risks and ensure sustained stability over time. 

3. MEASURES  

Summarizing the mentioned impacts, we have identified several key areas for enhancement.  
 

Table 16. Climate changes’ impacts on waste management processes 

 
 Rising temperature Changes in 

precipitation  
Extreme weather Sea – level rise  

Generation  Increased 
Consumption 
Changes in Food 
Habits 

Infrastructure 
Damage 

Natural Disasters Flood 

Collection  Worker Exposure 
Risks 
Vector-Borne Diseases 
Changes in collection 
process 

Access Challenges Disruption of 
Collection Services 
Increased Frequency 
of Events 

Damage to Collection 
Infrastructure 

Recycling and 
treatment  

Scarcity of Resources 
Equipment 
Energy 

Infrastructure Infrastructure 
damage 

Infrastructure 
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Disposal  Fires 
Gases 

Landfill Operations Extreme Weather 
Risks 

Land Use Planning 

 
3.1 Waste generation process. 

• Rising temperature  
Educational Campaigns: Launching public awareness campaigns to educate individuals and 
communities about the environmental impacts of excessive consumption and the importance 
of reducing waste generation, particularly during periods of high temperatures. 
Heat-Resilient Packaging: Encouraging the use of heat-resistant and eco-friendly packaging 
materials to reduce the generation of waste from packaging items that may degrade or become 
damaged due to high temperatures. 
Efficient Cooling Systems: Implementing energy-efficient cooling systems in commercial and 
residential buildings to reduce energy consumption and minimize the generation of waste 
from cooling-related appliances and equipment. 
Installing water fountains across the city to reduce consumption of disposable bottles that 
steeply increase during heat waves. 

• Changes in Precipitation 
Water Conservation Measures: Promoting water conservation practices, such as rainwater 
harvesting and efficient irrigation methods, to mitigate the impacts of changing precipitation 
patterns on water availability and reduce water-related waste generation. 
Flood-Resilient Infrastructure: Implementing flood-resistant building designs and drainage 
systems to minimize water damage to properties and infrastructure during heavy rainfall 
events, thereby reducing the generation of flood-related waste. 

• Extreme Weather  
Disaster Preparedness Education: Providing education and training programs to businesses 
and communities on disaster preparedness and response measures to minimize waste 
generation and environmental damage during extreme weather events. 
Extreme weather events generate a lot of waste from single use emergency equipment (water 
bottles, tents, plastic sheets, etc.). Adapting these materials to be biodegradable or easily 
reusable and recyclable means lowering the impact of such disasters in a city’s systems. 

• Sea – Level Rise 
Erosion Control: Implementing erosion control measures, such as beach nourishment and 
dune restoration, to protect coastal waste generation facilities from erosion and shoreline 
retreat associated with sea level rise. 
Emergency Response Planning: Developing and implementing emergency response plans for 
coastal waste generation facilities to mitigate the impacts of sea level rise-related hazards, 
such as flooding and storm surge, and ensure the safety of workers and surrounding 
communities. 
 
3.2 Waste Collection process. 

• Rising temperature  
Worker Safety Protocols: Implement heat stress management protocols to ensure the safety 
and well-being of waste collection workers during periods of high temperatures, including 
providing adequate hydration, rest breaks, and access to shaded areas. 
Vehicle Maintenance: Conduct regular maintenance checks on waste collection vehicles to 
ensure proper functioning of cooling systems and prevent breakdowns or malfunctions in hot 
weather conditions. 
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Route Optimization: Optimize waste collection routes to minimize travel time and exposure 
to heat for collection crews, thereby reducing fuel consumption and greenhouse gas emissions 
from collection vehicles. 
Community Outreach: Educate residents about proper waste management practices during hot 
weather, such as sealing waste containers tightly to prevent odors and attracting pests and 
avoiding overloading bins to prevent spillage. 

• Changes in Precipitation 
Flood Preparedness Plans: Develop flood preparedness plans for waste collection operations, 
including identifying alternate collection routes and temporary storage areas to minimize 
disruptions during heavy rainfall and flooding events. 
Equipment Protection: Implement measures to protect waste collection equipment, such as 
waterproof covers and storage facilities, to prevent damage from exposure to rain and 
moisture during precipitation events. 

• Extreme Weather  
Communication Systems: Establish reliable communication systems between waste collection 
crews and emergency response agencies to coordinate response efforts and disseminate 
important information during extreme weather events. 
Equipment Resilience: Invest in resilient waste collection equipment, such as reinforced 
collection vehicles and heavy-duty containers, to withstand the impacts of extreme weather 
events and minimize downtime due to damage or breakdowns. 

• Sea – Level Rise 
Coastal Collection Infrastructure: Assess the vulnerability of waste collection infrastructure 
in coastal areas to sea level rise and implement measures to protect facilities from inundation 
and erosion, such as elevating critical equipment and infrastructure above projected sea level 
rise levels. 
 
3.3 Recycling and treatment  

• Rising temperature  
Energy Efficiency Upgrades: Implementing energy-efficient technologies and practices in 
recycling and treatment facilities to reduce energy consumption and minimize greenhouse gas 
emissions, thereby mitigating the contribution to further temperature rise. 
Heat Stress Management: Ensuring the safety and well-being of workers in recycling and 
treatment facilities by implementing heat stress management protocols, providing adequate 
hydration, rest breaks, and access to shaded areas during hot weather. 

• Changes in Precipitation 
Flood Preparedness: Developing flood preparedness plans for recycling and treatment 
facilities, including measures to protect equipment and infrastructure from water damage, 
such as raising critical equipment above flood levels and installing flood barriers. 

• Extreme Weather  
Emergency Response Plans: Developing and implementing emergency response plans for 
recycling and treatment facilities to ensure the safety of workers and minimize environmental 
damage during extreme weather events, such as hurricanes, floods, and wildfires. 
Backup Power Systems: Installing backup power systems, such as generators and battery 
backups, to maintain essential operations in recycling and treatment facilities during power 
outages caused by extreme weather events. 
Material Stockpiling: Stockpiling critical materials and supplies needed for recycling and 
treatment processes to ensure continuity of operations during disruptions caused by extreme 
weather events, such as supply chain disruptions or transportation delays. 

• Sea – Level Rise 
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Coastal Infrastructure Protection: Implementing measures to protect coastal recycling and 
treatment facilities from sea level rise impacts, such as elevating critical equipment and 
infrastructure above projected sea level rise levels or relocating facilities to higher ground.  
 
3.4 Waste Disposal  

• Rising temperature  
Landfill Gas Management: Implement landfill gas management systems to mitigate methane 
emissions, a potent greenhouse gas, from landfills under higher temperatures. 
Cover Material Selection: Use heat-resistant cover materials for landfill caps to prevent 
degradation and minimize the risk of fire outbreaks caused by increased temperatures. 

• Changes in Precipitation 
Stormwater Management: Improve stormwater management systems at landfill sites to handle 
increased precipitation and prevent runoff pollution, erosion, and flooding. 
Leachate Treatment: Upgrade leachate treatment facilities to handle larger volumes of 
leachate generated during heavy precipitation events and ensure compliance with regulatory 
standards. 

• Extreme Weather  
Disaster Preparedness Plans: Develop and implement disaster preparedness plans for landfill 
facilities to mitigate the impacts of extreme weather events, such as hurricanes, floods, and 
wildfires, including emergency response protocols and infrastructure reinforcement. 
Emergency Response Training: Provide training for landfill personnel on emergency response 
procedures to ensure the safety of workers and minimize environmental damage during 
extreme weather events. 

• Sea – Level Rise 
Coastal Landfill Management: Assess the vulnerability of coastal landfill facilities to sea level 
rise and implement protective measures, such as raising critical infrastructure and 
implementing coastal defences. 
Leachate Containment: Strengthen leachate containment systems at coastal landfills to 
prevent saltwater intrusion and protect groundwater quality from the impacts of sea level rise. 

 

 
 

Figure 2. Measures to mitigate the impacts of climate change on various phases of waste 
management. 
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4. CONCLUSION 

The relationship between waste management and climate change is intricate and multifaceted, 
with each influencing the other in significant ways. Climate change impacts various stages of 
waste management, from generation to disposal, exacerbating existing challenges and 
introducing new complexities.  
Consequently, addressing the interplay between waste management and climate change is 
crucial for building resilient and sustainable systems capable of mitigating environmental 
impacts and adapting to future challenges. 
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Climate Change: Effects, Contributors and Actions Taken - Case Studies 
of Kosovo and Germany 

Lis Bytyqi 
Department of Environmental Engineering, Faculty of Civil Engineering, University of Prishtina, Prishtina, 

Kosova 

 
Climate change is a global challenge that affects all spheres of our lives, including the 
countries of Germany and Kosovo. In this paper, we will examine the effects of climate 
change in these two countries and make a comparison between them in the main aspects of 
their impact. First, we will analyze the current climate situation in Germany and Kosovo, 
including average temperatures, precipitation levels and changes in natural ecosystems. After 
that, we will examine the causes of climate change in each of these countries, including 
greenhouse gas emissions, energy resource use, and agricultural practices. Next, we will 
analyze the consequences of climate change in Germany and Kosovo in social, economic and 
environmental aspects. We will discuss the effects of escalating global warming on public 
health, food security, the economy and their natural biodiversity. Finally, we will include a 
detailed analysis of the policies and measures that have been taken in each of these countries 
to address climate change and mitigate its negative impact. In comparison, we will assess the 
effectiveness and variability of these policies and measures, identifying best practices and 
common challenges through which Germany and Kosovo can collaborate to improve their 
response to the climate crisis. 

Keywords: Environment, Germany, Kosovo, climate changes, pollution, biodiversity. 

1. INTRODUCTION 

Climate change can be a natural process where temperature, precipitation, wind and other 
elements change over decades or more. In millions of years, our world has been warmer and 
colder than it is now. But today we are experiencing rapid warming from human activities, 
mainly due to the burning of fossil fuels that generate greenhouse gas emissions. Increased 
greenhouse gas emissions from human activity act like a blanket wrapped around the earth, 
blocking the sun's heat and raising temperatures. Examples of greenhouse gas emissions that 
are causing climate change include carbon dioxide and methane. These come from burning 
fossil fuels such as petrol to run a car or coal to heat a building. Clearing land and forests can 
also release carbon dioxide. Landfills are another source. Energy, industry, agriculture and 
waste disposal are among the main emitters [1][2]. 

Climate change is a big challenge, but we already know many solutions. These can bring 
economic benefits by improving our lives and protecting the environment. We also have 
global agreements to guide progress, such as the UN Framework Convention on Climate 
Change and the Paris Agreement. The three broad categories of action are: cutting, emissions, 
adapting to climate impacts and financing the necessary adjustments. Switching energy 
systems from fossil fuels to renewable sources such as solar will reduce emissions that drive 
climate change. But we have to start now. While a growing coalition of countries is 
committing to net zero emissions by 2050, around half of emissions cuts need to be in place 
by 2030 to keep warming below 1.5°C Climate adaptation protects people, homes, businesses, 
tools of livelihood, infrastructure and natural ecosystems. It covers current and potential 
future impacts. Adaptation will be required everywhere, but priority should be given now to 
the most willing people with the fewest resources to cope with climate risks. Fever rates may 
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be high. Disaster early warning systems, for example, save lives and property, and can deliver 
benefits up to 10 times the initial cost [1-4]. 

 
Figure 1. Climate changes in Germany from 1881-2020 

 

1.1.Influencing factors 

The Climate Change Act sets annual declines in annual emissions volumes for various sectors 
until 2030. Projected emissions will not fall fast enough if current climate policies remain 
unchanged, which means that according to current estimates the gap between targets and 
emissions current will continue to grow until 2030. Also, if we continue to miss the targets, 
annual deficits will accumulate. This means that, between 2021 and 2030, the established 
emission limits will be exceeded by a cumulative amount of more than one gigatonne (1000 
million tons) of CO2 equivalent - i.e. with more than an entire year's actual emissions [5][6]. 

Time is running out for effective mitigation of the climate crisis. The rise in average global 
temperature should, if possible, be kept to 1.5ºC to avoid serious consequences for life on 
Earth – this is what has been agreed in the Paris climate agreement. It can only be achieved if 
greenhouse gas emissions are curbed as soon as possible worldwide. The goal is global carbon 
neutrality by the middle of this century. Climate change poses a threat to the foundations that 
support our life and economic activity in Germany: the increase in extreme weather events 
and climate change not only endanger life, health and biodiversity - they also cause significant 
economic damage. For this reason, we want to make Germany greenhouse gas neutral in less 
than 25 years - no later than 2045. More and more countries are facing this task. The whole 
European Union and all The G7 partners – I some of Germany's main trading partners – want 
to achieve this target by 2050; China has 2060 on the horizon. An ambitious and rapid 
restructuring of our economy towards greenhouse gas neutrality is not only a contribution to 
mitigating climate change: it will also help maintain our global competitiveness in many 
economic sectors. The global race for the best strategy for this has begun. The si tuation we 
find ourselves in could hardly be more challenging: given the insufficient emissions trends 
seen in the past and the likelihood that we will not reach our targets in the coming years, there 
is an urgent need for action by all sectors. The new federal government will respond to this. 
This status report forms the platform for specific actions. The Federal Government is now 
starting its work on the Immediate Climate Action Programmer, which will be completed in 
several stages with all the necessary acts, ordinances and measures by the end of 2022[1][5-
7]. 
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Figure 2. Development of greenhouse gas emissions in Germany 
 

2. FLOOD AND DROUGHT 

So, while heat itself is a concern for the EU nation, this problem is in many ways dwarfed by 
the resulting changes in precipitation. A study by the German Climate Service Center 
(GERICS) found, according to Phys.org, that “precipitation in Germany have increased by 11 
percent since 1881 – and the trend is predicted to continue. It now rains much more in winter 
almost everywhere in Germany; in some cases, rainfall volumes have increased by up to 30 
percent in the cold season. In contrast, summers in many federal states have become drier.” 
These drying summers—especially at a time of general warming—can be a major concern 
because below-average rainfall naturally increases the likelihood and duration of wildfires. in 
the woods[1-3]. 

This is a particular concern for areas like the Alps, where snow is melting earlier, and earlier 
as unreasonably warm temperatures begin earlier in the spring and creep deeper into the fall. 
Given that forests are considered flammable about a month after snowmelt ends, the result is 
a much longer period than usual when forests are vulnerable to fire. And, with less predictable 
rains, it's harder to stop these fires once they start. It's no wonder that climate change-driven 
drought and all that comes with it has led to an increased risk of fires in the Alps. However, 
at other times of the year, Germany has suffered from the other side of what we have just 
described. This was especially true just last year: “So far, the summer has been, at least in 
terms of weather, one thing above all else: extremes. As a result, the German Meteorological 
Service (DWD) declared July 2017 the wettest month Germany has seen since records began 
in 1881[2-5]. 

Elsewhere, rising sea levels and increased storm surge height could cause flooding along the 
country's North Sea and Baltic Sea coasts, allowing salt water to seep inland, potentially 
contaminating freshwater. Terres trial and surface. The result: Without adaptation, by the 
2080s, total losses due to sea level rise in Germany could reach 2.6 billion euros per year. 

3. PUBLIC HEALTH 

Extreme heat increases the death rate from diseases such as heart attack, heat stroke, organ 
failure and more. But in Germany, a more pressing concern will come from diseases that 



 

558 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

spread as insects travel farther and farther as our climate changes. "As temperatures rise, 
disease carriers (vectors) can migrate to new habitats and thus expand the regional reach of 
the diseases they transmit," writes the country's federal environment agency, the Um welt 
bundesamt. "This includes, among others, vectors such as mosquitoes, ticks or insects. … In 
Germany, especially the generally rising temperatures favor the growth and spread of vectors. 
Mild winters increase the survival rate of many disease vectors. They cause accelerated 
successions of generation and extended periods of annual activity.” [1][3][6]. 

In some regions in southern Germany, even true tropical vectors such as the Asian tiger 
mosquito are spreading - and they are bringing serious diseases such as malaria or dengue 
fever with them. Due to the climate crisis, Germans must also expect an increase in asthma 
and allergies. The science here is true in many places around the globe: as temperatures rise, 
pollen seasons will start earlier and last longer, and concentrations of ozone and particulate 
matter in the air will increase. "Direct health effects caused from the higher ozone 
concentration include irritation of the mucous membranes, respiratory reactions such as 
reduced lung functions, cardiovascular diseases, as well as an impaired physical 
performance," according to the Um welt bundesamt [2][7]. 

4. FOOD AND WATER SECURITY 

If we continue to burn fossil fuels at our current rates, food may become increasingly difficult 
to grow in many countries. Fresh drinking water may become increasingly scarce as runoff 
from polluted floods pollutes rivers, lakes and reservoirs — or drought and warming combine 
to dry them all up. Like much of the climate change story, the threat to food and water security 
in Germany is a tale of the impact of rising temperatures on the water cycle – something well 
understood by the country's government: “In the context of changes climate, the amount of 
precipitation and its distribution is changing in Germany. This has a direct effect on the 
temporal and regional availability of water.” Altered rainfall leads to fluctuations in soil and 
groundwater levels. Thus, soil quality and agricultural land productivity are affected. If 
temperatures rise at the same time, the consequences for agricultural production will be even 
more severe. Decreases in summer rainfall of up to 30 percent are expected across Germany 
by 2080, potentially leading to problematic heat and drought conditions. in some areas and 
resulting in reduced crop yields and poor harvest quality[1-4]. 

 
Figure 3. Climate change to increase heat in Germany 

5. MEASURES TAKEN 

The point is that climate change affects every aspect of our lives – in Germany and around 
the world. But there's also plenty of good news: With clean energy solutions like wind and 
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solar becoming more affordable, batteries getting better, and buildings getting more efficient 
every year, the solutions to this crisis are available to us now.  

We're working to accelerate the global shift from dirty, climate-changing fossil fuels to 
renewable energy so we can power our lives and economies without destroying our planet [1]. 

5.1.Comparison with the Republic of Kosovo 
5.1.1. Maximum daily temperatures 

The highest daytime temperatures in Germany are reached in July with an average of 23.9 °C. 
The coldest month, on the other hand, is January, with an average of only 3.4 °C. In Kosovo, 
August is the warmest month, with 32.9 °C. There, it is coolest in January with an average of 
4.7 °C [1][5]. 

 
Figure 4. Diagram of Maximum Temperatures [5] 

5.1.2. Amount of precipitation per day 

Depending on the season and the location of a place, the wind brings a different amount of 
water with it. As a rule, water that evaporates in the oceans is absorbed and then transported 
inland. 

The highest amount of rain (hail or dew are also forms of precipitation) in Germany occurs in 
July, when about 2.6 liters fall per square meter per day. In Kosovo, the average amount of 
precipitation varies from 0.9 liters per day in July to 1.7 in May. However, these are average 
values. If you consider that in Germany there are only 10.6 rainy days in July, each of them 
amounts to about 7.3 liters [5]. 

 
Figure 5. Diagram of the amount of precipitation during the day [5] 

5.1.3. Rainy days per month 

By definition, a rainy day is a day in which at least 0.1 liters of precipitation fall per m². This 
corresponds to a 1 square meter pond in which the water stands 0.1 mm high - as long as the 
water does not seep through or evaporate. So, it shouldn't rain all day. January brings the 



 

560 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

rainiest days (12.3) in Germany. With an average of just 7.2 days, April is friendlier. In 
Kosovo, it rains most often in January with 9.6 days [5]. 

 
Figure 6. Diagram for rainy days during the months [5] 

5.1.4. Germany's policy recommendations 

Among 196 other countries, Germany agreed to the Paris Agreement in 2015. It was ratified 
in the country on October 6, 2016. Below is a projection from the Climate Action Tracker of 
the level of emissions that EU countries need to achieve in order to ' became 1.5 in line with 
degrees Celsius by 2030. All countries within the European Union have agreed to work 
towards achieving this target to guarantee a sustainable future for future generations. (Score 
card, recommendations, 2019) 

6. CONCLUSIONS 

In conclusion, the case studies of Germany and Kosovo vividly illustrate the multifaceted 
challenges posed by climate change and the diverse strategies employed to address them. The 
comparison between these countries highlights the global nature of the climate crisis and the 
urgent need for collective action. Germany, as a developed nation, faces significant pressures 
from rising temperatures, changing precipitation patterns, and heightened risks of extreme 
weather events. The country's proactive approach, including ambitious emissions reduction 
targets and robust adaptation measures, serves as a model for others to follow. On the other 
hand, Kosovo, as a developing nation, grapples with its unique set of challenges, balancing 
economic development with environmental sustainability. Despite facing constraints, Kosovo 
has taken steps towards environmental protection and climate resilience, albeit with limited 
resources. The comparative analysis underscores the importance of tailored solutions that 
consider each country's specific circumstances and capacities. Both Germany and Kosovo are 
signatories to international agreements like the Paris Agreement, signaling their commitment 
to global climate action. However, the gap between targets and actual emissions remains a 
pressing concern, emphasizing the need for accelerated efforts across sectors and regions. 
Moving forward, collaboration and knowledge exchange between nations, especially between 
developed and developing economies, are crucial in advancing climate solutions. By sharing 
best practices, leveraging technological innovations, and enhancing policy coherence, 
countries can collectively mitigate the impacts of climate change and build a sustainable 
future for all. 
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Human-induced climate change poses a growing threat to life on Earth, primarily fueled by 
increasing greenhouse gas emissions, notably from burning fossil fuels. This perilous shift in 
Earth's climate, driven by rising carbon dioxide and greenhouse gas (GHG) levels, foresees a 
worsening impact of climate change over the next two to three decades. Heatwaves, wildfires, 
droughts, storms, and floods are expected to rise, posing greater risks to both human health 
and global stability. This paper explores different perspectives, presenting evidence of climate 
change across Earth's spheres, from altering emission pathways to understanding the drivers 
of climate change. It critically examines the current and future state of global climate change, 
emphasizing mitigation and adaptation strategies. Urgent action is needed to combat the 
acceleration of climate change, highlighting the crucial shift to renewable energy sources and 
enhancing carbon sinks. These steps are identified as vital measures to mitigate the adverse 
impacts of climate change and align with the global imperative to reduce greenhouse gas 
emissions. The report emphasizes the significance of advancements in carbon quantification, 
modeling, and pricing as essential tools for effective climate change mitigation. Adaptation 
strategies, fostering resilience in local communities and ecosystems, emerge as essential 
components of a comprehensive response. To pave the way for a sustainable future, the report 
delves into a detailed analysis of the impacts of climate change on environmental and human 
health. It explores evolving strategies for mitigation and adaptation, underscoring the critical 
need to confront and overcome key challenges in reversing and adapting to global climate 
change. This comprehensive exploration acts as a call to action, urging collaborative efforts 
on a global scale to safeguard the future of our planet and its diverse life forms. 
 
Keywords: Climate change, GHG emissions, Sustainability, Mitigation, Adaptation.   

 
1. INTRODUCTION 

Climate change is accelerated by anthropogenic greenhouse gas emissions and its effects are 
increasingly felt globally. Addressing this crisis requires both adaptation and mitigation 
strategies. Adapting involves developing resilience to climate impacts through infrastructure, 
technology and awareness-raising, while mitigation demands urgent reductions in greenhouse 
gas emissions. The Paris Agreement outlines targets for emissions reduction, requiring a shift 
to low-carbon energy and sustainable development practices, so collaboration among citizens, 
researchers and policymakers is essential to enact effective measures. Immediate global action 
is necessary to combat climate change and ensure a sustainable future for our planet.  
2. MATERIALS AND METHODS 

 
2.1 Drivers of climate change 

Climate change has been a natural occurrence throughout Earth's history, with fluctuations in 
temperature and atmospheric composition occurring over millions of years. Natural factors 
such as volcanic activity, changes in solar radiation and variations in Earth’s orbit and tilt 
have all played a role in these changes. Human activities through land use changes such as 
deforestation and urbanization have led to an increase of the greenhouse effect and global 
warming. 
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More importantly, burning fossil fuels for energy, release large amounts of CO2.  Also, human 
activities produce a significant quantity of GHGs such as methane (CH4), nitrous oxide (N2O), 
Ozone (O3), chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) into the 
atmosphere. These gases trap outgoing longwave radiation from the Earth that would 
otherwise be emitted into space, leading to a warming effect on the planet.   

2.2 Evidence of climate change on Earth’s spheres  
 

2.2.1 Atmosphere 
Human activities since the Industrial Revolution have significantly increased greenhouse 
gases like CO2, CH4, and N2O, that along with atmospheric transport, impact the planet's 
climate patterns. Based on current measurements an increase in atmospheric CO2 results in a 
temperature increases of ~1 ℃ per 100 ppm CO2. Human-made chemicals like 
chlorofluorocarbons (CFCs) have depleted the stratospheric ozone layer and have affected 
atmospheric temperatures and circulation patterns, ocean currents, and the Earth 's carbon 
cycle. It also affects tropospheric ozone and particulate matter levels, influencing air quality 
and environmental health.   

2.2.2 Pedosphere 
Soil carbon cycling: Soil stores lots of carbon, crucial for the carbon cycle. Climate change 
affects soil carbon levels, speeding up decomposition and releasing more carbon into the air, 
worsening global warming. 
Soil nutrient cycling: Climate change impacts soil nutrient levels, boosting plant growth but 
potentially causing shortages of nutrients like phosphorus. Increased precipitation can wash 
away nutrients, harming ecosystems. 

Soil diversity: Changes in temperature and moisture affect soil organisms, vital for 
ecosystems, by disrupting their distribution. Soil diversity is crucial, because different 
organisms contribute to processes like nutrient cycling, decomposition of organic matter, soil 
structure formation and plant health. 
2.2.3 Hydrosphere 
Climate change affects the water cycle system by increasing evaporation rates, altering 
precipitation patterns, impacting surface water runoff, and influencing groundwater recharge. 
The globe is experiencing smaller ice coverage, and the average annual global lake 
evaporation rate is expected to increase by 16% by 2100. 
By the late 21st century, it is projected that 67% of the land area will experience a decline in 
water reserves.  
2.2.4 Biosphere 
Two of the most widely discussed changes in the biosphere are shifts of biomes towards the 
pole regions or higher elevations and changes in plant, microbial, and animal phenology. 
Other evidence includes the die-off of plants and animals due to heat waves, drought, fire, or 
outbreak of insects and diseases. 

 
2.2.5 Cryosphere  
Glaciers worldwide have been shrinking since the second half of the 19th century. In addition, 
glacier decline can accelerate the release of long-stored legacy pollutants with potential risks 
on ecology and human systems. On the one hand, snow cover and glacier changes have altered 
soil moisture in river catchments, increasing plant productivity and expanding species 
habitats. But on the other side, the rapid shrinking of the cryosphere has led to the loss or 
disappearance of habitats that depend on snow and ice cover.  
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Figure 1.  Evidence of global climate change and its effects on the environment  

 
2.3 Impacts on human health 

 
Climate change has emerged as a significant threat to global public health. Extreme weather 
events, including heatwaves, wildfires, hurricanes, droughts, and floods, have led to a series 
of adverse health impacts from excess mortality and morbidity to negative birth outcomes and 
mental health issues. A 1°C temperature rise was associated with a significant increase in 
morbidity due to arrhythmias, cardiac arrest, and coronary heart disease. Furthermore, heat 
waves have been linked to adverse birth outcomes. A recent meta-analysis showed that for 
every 1°C rise in temperature, there was a 2.2% increase in mental health-related mortality 
and a 0.9% increase in mental health-related morbidity.236 A global study found that for 
every 10 μg/m3 increase in wildfire-related PM2.5 exposure, there was a 1.9, 1.7, and 1.9 
higher risk of all-cause, cardiovascular, and respiratory mortality, respectively. 
 
 

3. RESULTS AND DISCUSSIONS 
 
3.1. Strategies for mitigation of climate change 
 
3.1.1 Nature-based solutions for climate change mitigation 
 

• Protection of natural carbon-sink resources 
Natural carbon sinks are ecosystems that trap and store carbon dioxide from the atmosphere, 
such as forests, wetlands, and oceans. By protecting these carbon sinks from human-induced 
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activities such as deforestation, land-use change, and drainage, we can prevent the release of 
large amounts of carbon dioxide into the atmosphere. For example, reforestation projects can 
help to reestablish forests that have been lost due to deforestation or land use change, while 
wetland restoration can help to enhance carbon sequestration in coastal ecosystem. 

• Afforestation and forest ecosystem restoration 
Afforestation and forest ecosystem restoration are vital strategies for mitigating climate 
change and achieving the goals outlined in the Paris Climate Agreement. Over the past ten 
years, terrestrial ecosystems have removed ~30% of human carbon emissions each year and 
forests account for most of this uptake. 
Afforestation and reforestation, considered natural climate solutions (NCSs), have the 
potential to contribute significantly to climate change mitigation, with estimates suggesting 
they could remove up to 7 Pg CO2e annually by 2030. 

• N2O emission reduction 
By increasing the activity of N2O reducing organisms or N2O-consuming microbes in soils 
through bioaugmentation or bio stimulation, N2O emissions can be reduced. Furthermore, 
research has shown that some types of fungi can reduce N2O emissions by promoting the 
growth of plants that have a high affinity for nitrogen uptake. These plants can take up excess 
nitrogen from the soil, thereby reducing the availability of nitrogen for microbial processes 
that produce N2O.  

• Adopting and developing organic farming 
Organic farming offers a sustainable approach to food production, aiming to supply high-
quality food, while positively responding to the climate crisis. Key practices include extended 
crop rotations, herbaceous cover, reduced tillage and the limited use of synthetic inputs like 
chemical fertilizers and pesticides. Additionally, organic farming has the potential to increase 
soil organic carbon (SOC) levels, that can reduce greenhouse gases through processes like 
carbon sequestration.  

 
Figure 2. Nature- and technology-based solutions for climate change mitigation 
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3.1.2. Technology-based solutions for climate change mitigation  
 

• Developing and adopting renewable and clean energy technologies. 
Renewable energy sources include biomass, geothermal resources, solar, water, and wind. It 
is estimated that renewables will transform the global power mix through 2027, becoming the 
largest source of electricity. Hydropower accounts for more than 90% of all grid-scale 
capacity, however, it is restricted by the availability of suitable locations and multibillion-
dollar capital costs. Solar photovoltaic (PV) and wind account for almost 90% of all new 
renewable energy installations in 2022.  

• Potential and impact of carbon capture, utilization, and storage on global change.  
Carbon capture, utilization, and storage (CCUS) is a process that involves capturing CO2 
emissions from industrial processes or power generation, utilizing the captured CO2 for 
various purposes, and storing the remaining CO2 in geological formations or other long-term 
storage facilities. IPCC (Intergovernmental Panel on Climate Change) reported that CCUS 
can reduce CO2 emissions by 3.0-6.8 billion tons per year in 2050, and in International Energy 
Agency (IEA)’s sustainable development scenario, CCUS can contribute to 15% of the 
accumulated CO2 emission reduction to realize net zero emission in 2070. 

• Smart management of agri-food systems in the face of climate change 
The need to smartly implement mitigation technologies and improve the structure of agri -food 
systems, comes from it being responsible for one-third of anthropogenic GHG emissions. 
Crucial steps are identifying and replacing high-emission food products, along with spatial 
redistribution to areas with ample water supply and high productivity, transitioning towards 
sustainable diets and adopting more efficient farming practices, such as: Conservation tillage 
Crop rotation and Integrated pest management (IPM). 

3.2 Strategies for adaptation of climate change 
 

• Terrestrial and freshwater ecosystem-based management  
Terrestrial and freshwater ecosystems are also significantly threatened by climate change. 
One way to significantly increase the resilience of vulnerable terrestrial ecosystems is 
Ecosystem-Based Management or (EMB) - a recently recognized new approach for effective 
measures to provide co-benefits related to climate change adaptation and ecosystem 
environmental conservation. Progress has been made in implementing EMB measures 
worldwide, particularly in forests and lakes and they include conservation, diversification, 
and reducing nutrient inputs. 

• Coastline protection and combating sea level rise  
Coastline protection and sea level rise are a very important issue that affects many 
communities and coastal ecosystems. According to the National Climate Change Report, sea 
level has risen by 0.24m since 1880 and is projected to rise by 0.3-1.2m by 2100. There are 
different strategies to protect coasts from sea level rises, such as hard engineering (e.g., 
concrete seawalls, levees, and dikes) or soft engineering (e.g., nature-based solutions, living 
shorelines, and beach nourishment). The nature-based solutions for sea level rise and coastal 
protection include: 

1) Conservation of coastal wetlands: Coastal wetlands and mangroves are periodically flooded 
by salt water. They can store wave energy, trap sediment, reduce erosion, and provide habitat 
for wildlife. 
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2) Beach restoration: Beaches are sandy shores that can prevent wave action, flooding and 
support recreation and tourism. They can be restored by doing so or vegetation to replenish 
eroded areas.  
3) Creating oyster reefs: Oysters are bivalve mollusks that form reefs by attaching to hard 
substrates.  They can reduce tidal surges, stabilize shorelines, filter water and support 
fisheries. 

4) Mangrove restoration: Mangroves are trees and shrubs found in tropical and subtropical 
coastal areas. They can protect coastlines from storms, sequester CO2, prevent saltwater 
intrusion and host different species. increasing biodiversity conservation, etc. 
 

• Climate-smart agricultural practices and regenerative agriculture as instruments in a carbon 
economy  
Climate-smart practices such as crop history management, reduced tillage, soil amendments 
such as biochar and cover crops aim to sequester soil carbon and reduce GHG emissions. 
Research indicates that biochar application is particularly effective in increasing soil organic 
carbon, followed by cover crops and conservation tillage. In addition, developing climate-
resilient crop varieties is critical to ensuring food security in the face of climate change-
induced extreme weather events. Breeding efforts focus on traits like heat tolerance, drought, 
and flood resistance, alongside improving soil and water management techniques. 

• Address and plan for environmental change.  
Combining climate change adaptation plans with urgent actions to reduce environmental 
pollution is crucial for achieving sustainability goals. This includes managing global 
warming, soil health, air, water, and food security, as well as waste management and 
alternative energy sources. Meeting these challenges aligns with the zero-pollution vision for 
2050 and targets for 2030 to improve air, water, and soil quality. Controlling emissions, 
reducing particulate matter, and enhancing soil carbon sink capacity are key strategies. 

• Efficient risk management of extreme weather events  
Climate change has brought major problems such as tornadoes, hurricanes, floods and fires 
causing damage. The use of technology existing to track weather is extreme for reducing the 
effects of climate change. Satellite platforms are a tool for monitoring global weather patterns 
and ground-based monitoring stations also play a critical role in observing local weather 
conditions. 

• Urban soil for adaptation to climate change 
The population that lives in cities is likely to increase between 60% and 92% by the end of 
the 21st century, so protecting soil is crucial.  Urban green infrastructure (UGI), such as parks, 
green walls and roofs, street trees, rain gardens, and other vegetated spaces within urban areas, 
contributing to the swamp cities' concept for retaining water in the cities for irrigation 
purposes and cooling. They help reduce the potential for flooding through water infiltration 
and capture and store carbon. 

• From traditional infrastructure to climate-resilient infrastructure.  
Cities produce more than 70% of the global CO2 emissions. Urban infrastructure, crucial for 
future development, needs to be made resilient to climate change impacts, through strategic 
planning and adaptation measures. The future planning to design and develop regenerative 
infrastructure should consider protecting key biodiversity regions, maintaining ecological 
connectivity and considering holistic benefits to human and environmental health.  
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Figure 3.  Ecosystem-based management options for the adaptation to climate change in global 
systems 

 

4. CONCLUSIONS 
Over the past 150 years, global systems have evolved rapidly in response to the needs of a 
growing world population, resulting in overexploitation of natural resources. Thus, action is 
needed to transform local and global food and socio-ecological systems to better mitigate and 
adapt to climate change.  

➢ First, there is a persistent and critical challenge of achieving a higher quality of life and 
economic growth while reducing the negative impact of energy consumption on the 
environment. In 2022, fossil fuels provided 81% of the world's energy and energy related CO2 
emissions continue to rise, so additional efforts are needed to increase the share of clean and 
renewable energy sources.  

➢ Second, to effectively feed the growing population, agriculture is developing rapidly and its 
contribution to global GHG emissions is also increasing, currently accounting for 19-29% of 
total GHG emissions globally. This calls for effective management of soils and crop-livestock 
production systems, recycling the agricultural waste in agroecosystems, and improving the 
features of bio/organic fertilizers, to achieve carbon-neutral agriculture.  

➢ Third, the ongoing loss of ecosystem carbon, its sequestration potential, and ecosystem 
services leave an unnecessary debt to future generations. In this regard, collaborative efforts 
centered on our current and future demands are needed, for a sustainable future irrespective 
of global political or economic tensions. 
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Creation of a tourist map using GIS applications for the municipality of 
Gjakova 
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This paper outlines the methodology and data required to create a tourist map of a 
municipality using GIS software. While the main purpose of creating a tourist map is to 
provide an accessible and informative guide to the city’s attractions, amenities, and points of 
interest, the procedure includes various key steps such as collecting data and selecting only 
the data that is useful and should be featured in our map, map designing and user testing. The 
collected data used in creating the tourist map for the municipality of Gjakova belongs to 
different resources including topographic maps for said location, orthophotos, and basemaps 
provided by the software. The map also includes additional information about each official 
tourist location featured on the map, with the simple intention of making the map as 
informative as possible. Map designing and user testing are two components closely 
intertwined because while designing the map we should always aim to keep the content as 
simple and as easy to understand as we can. This is when user testing comes in handy. Doing 
as many user tests as we could helped us understand how helpful and effective our map design 
to different groups of people with different professional backgrounds is. The contents of this 
map are designed in both languages: Albanian and English. This speaks of its bilingual 
character, which makes it very useful for both local and international tourists. 

 
Keywords: Tourist map, GIS software, Municipality, Data collection, Orthophoto, 

Map design. 

1. INTRODUCTION  

An important element for every tourist destination is a tourist map. A tourist map should be 
able to give the tourist an answer for every landmark and interest point that they may have. It 
should provide the tourists with information regarding the unknown and make it so that they 
can navigate themselves in that area [1].  
A great deal of cartographic publications are represented by tourist city maps, this is due to 
the fact that cities are a major attraction for a variety of tourists. Taking into consideration the 
size of the city, it should also proportionally allocate the amount of information that is 
demanded by the tourists, in return, this brings changes to the scale of the map where the 
average scale for city-scaled maps is 1:25 000 or larger. Every tourist map should have basic 
orientation features such as street names and interest points (usually) in numerical order. 
Furthermore, a majority of the information should be regarding tourist attractions. Bridges, 
mosques, cathedrals, museums, and more should be marked on the map with additional 
information at the bottom of the map [2]. 
Based on the previously mentioned information, we created this tourist map for the 
municipality of Gjakova using ArcMap, which is a GIS application. During the process, we 
followed a series of steps by first, determining the optimal scale of the map. An essential step 
is also selecting the required data from different open sources. Developing a comprehensive 
tourist map for a city can help boost local tourism by highlighting hidden gems and 
showcasing the unique culture and history of the destination. 
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2. MATERIALS AND METHODS 
2.1.Map scale selection.  

Map scale selection depends on three main factors: our map destination, the territory 
dimension to be mapped, and the possibility of mapping the main content. Depending on these 
three factors, the first thing we did was to determine our map paper format, based on the map’s 
destination. Through various analyses, it was determined that the A2 paper format (42.0 x 
59.4 cm) is the most appropriate format for tourist maps. This format allows for practical use 
and easy identification of the map's features from a distance of 60 centimeters from the user's 
eye.  

To select the optimal map scale, we used two methods based on two different conditions: one 
being our paper and territory dimensions, and the other being the minimal distance between 
two tourist spots [3]. 

 
2.1.1. Selection of the map scale based on the paper’s format and the territory’s dimensions. 

Knowing Gjakova municipality’s dimensions and the paper’s format allows us to determine 
the most appropriate map scale for our map. Such mathematical dependence is expressed 
using these formulas: 
 
𝐹1 = 𝐷𝑌 ∶ 𝑑𝑦                                                                                                                                 (1) 
 

𝐹2 = 𝐷𝑋 ∶ 𝑑𝑦                                                                                                                               (2) 
 
where:           F     – is the scale factor of the map, 
                      DY  – the width of the territory getting mapped, 
                      dy   – the width of the paper format, 
                      DX  – the length of the territory getting mapped, 
                      dx    – the length of the paper format. 
 
In this case, we obtain two scale factor values and then select the higher scale factor value, 
which corresponds to the smaller scale. This implies that the scale should be determined based 
on both the length of the area to be mapped and the length of the paper format, as well as the 
width of the area and the width of the paper format [3]. 
 
2.1.2. Selection of the map scale based on minimal distance.  

The second method we used to determine the map’s optimal scale is the minimal distance 
formula. Map designing is a very important step in the map-making process, hence the reason 
we used this method. This method allows us to locate the two features in nature that are closest 
to each other, and make sure these features do not overlap when mapped. Overlapping features 
in maps can confuse the user and might lead to misinterpretation of the map, which directly 
affects the quality of the map. 
For our map, we decided on a 0.5-centimeter minimal distance between mapped features. The 
minimal real distance between the two closest identified tourist spots was measured using GIS 
Software, ArcMap. The connection between these two elements is shown by the following 
formula: 
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𝐹 =
𝐿

𝑙𝑚𝑖𝑛.
                                                                                                                                                                 (3) 

 
where:           F       – is the scale factor of the map, 
                      L       – the smallest distance between two tourist spots in nature, 
                      lmin.  – the smallest distance allowed on the map.            
 
In cases where multiple conditions must be met, we select the scale that satisfies all other 
conditions. In this particular case, the scale factor that met all the conditions was F=8 000, 
respectively the 1:8 000 map scale [3]. 

2.2.Collecting the necessary data 

In order to create our map, we had to gather the required data. We found it appropriate to use 
online free open-source data for this purpose.  
When designing a tourist map, it's crucial to collect data based on the information we want to 
incorporate into the map. The main focus of our map is the tourist attractions, so we had to 
make sure to include those as the primary content. One important feature of a tourist map is 
to include roads and transportation options, helping tourists navigate from one point of interest 
to another. A good tourist map should include other important locations such as hotels, 
hospitals, and police stations so that visitors can easily find accommodation, medical 
assistance, and law enforcement in case of an emergency. This provides tourists with the 
necessary information to navigate on their own and feel safe during their travels.  
After considering these key points, we have determined that utilizing the topographic maps, 
orthophotos, and basemaps provided by the software is the appropriate method for gathering 
the necessary data [3].  

2.3. Creating the map’s symbology 

When it comes to creating a map, several important steps need to be taken before the final 
product can be produced. One of the most important steps in this process is the creation of the 
symbology for the features that have been digitized for presentation on the map. This step 
involves carefully designing the visual representation of the various features on the map, 
including roads, bodies of water, landmarks, and more [4]. 
Creating symbology for a map involves choosing the appropriate symbols, colors, and styles 
to represent each feature on the map. This can be a complex task, as the symbols used must 
be both visually appealing and easy to understand for the map's intended audience.  
Ultimately, the goal of creating the symbology for a map is to make it as clear and easy to 
read as possible for the intended audience. This requires careful consideration of every feature 
on the map and a deep understanding of the audience's needs and preferences. By taking the 
time to carefully design the symbology for a map, it is possible to create a final product that 
is not only visually appealing but also highly functional and easy to use. 

2.4.The importance of map toponyms and tourist attractions’ names 

Tourist maps are designed with the user in mind. They are usually published in a language 
that is familiar to the target audience, or at least in a language that is commonly understood 
by the group. As a result, many place names mentioned in travel publications, leaflets, and 
catalogs may not match the actual name used at the destination [4].  
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Many toponyms are of little interest to tourists beyond their use within wayfinding strategies 
in an unfamiliar destination. However, in some cases, a place name can be a sight in its own 
right, that’s why proper displaying of toponyms is very important in tourist maps [5].  
Taking these things into consideration we decided to create a bilingual map, that displays the 
information in two languages: Albanian and English. The reason why it’s important to create 
a bilingual map lies in the fact that tourist maps can be.  

3. RESULTS AND DISCUSSION 

User testing is a crucial phase in the development of our tourist map. It helps us understand 
how usable and effective the map is. To make sure that the map is easy to use, we conducted 
a series of user testing sessions with different groups of people, including tourists and locals. 
By watching how people interacted with the map and listening to their feedback, we were able 
to identify areas that needed improvement and address any challenges they faced while using 
it. This helped us refine the map's design, layout, and content, making it easy and intuitive for 
people to use. By taking into account the feedback we received, we created a tourist map that 
not only meets but exceeds the needs and expectations of its users, making it easier for them 
to explore and enjoy the destination with confidence and ease. The final product is shown in 
Figure 1. 
During our discussion on the usability and effectiveness of the map, we came to the conclusion 
that although the map is helpful in guiding tourists around Gjakova and highlighting various 
attractions, it does not contribute much to the promotion of tourism in the area. For the very 
same reason, we decided to make this map a little more informative and at the same time more 
attractive for tourists while adding images of the tourist attractions and also text that contains 
some basic information, such as a brief historical background or construction detail. The 
second page of the map containing these changes is shown in Figure 2. 
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 Figure 1. The tourist map of Gjakova municipality. 
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Figure 2. The second page of the map. 
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4. CONCLUSION  

The creation of tourist maps is crucial in promoting destination exploration, facilitating visitor 
navigation, and supporting local tourism economies. Using GIS software for this purpose is a 
strategic decision as it offers various benefits, including precise spatial data management, 
customizable design capabilities, and opportunities for ongoing updates. By using GIS 
technology, destinations can ensure the production of accurate and informative maps that tend 
to the needs of diverse visitors or tourists. This approach not only enhances the overall visitor 
experience but also contributes to sustainable tourism development and the preservation of 
cultural heritage. 
Our aim in producing this tourist map is to encourage and promote tourism in our 
municipality, intending to make it more welcoming and attractive to visitors. This is of utmost 
importance for the prosperity and future development of Gjakova's economy. Tourist maps 
are not only an essential feature of any municipality, but they also serve as a vital tool for 
attracting new visitors and ensuring the continued growth of the tourism industry. We believe 
that this map will play a significant role in helping our municipality achieve its full potential 
as a popular tourist destination. 
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The main purpose of this paper is to present the ways in which we can analyze the data from 
open sources on land coverage for certain surfaces and in different periods of time using GIS 
software. In this case study, we used QGIS software and land cover data from CORINE Land 
Cover with 100m resolution. Land cover is defined as the observed physical cover on the 
earth's surface, including vegetation (natural or planted) and human constructions. The data 
from CORINE Land Cover is classified into 44 different land cover classes, which we 
received in raster format. Using the tools and functions provided by the software, we have 
analyzed this data for the municipality of Gjakova, producing coverage maps for the years 
2006 and 2018, accompanied by diagrams and tables that present the area and the percentage 
of coverage of each type, compared to the total area of the municipality. Also, with the help 
of geoprocessing tools, we have extracted the surfaces where there was a change in the type 
of coverage to obtain a map of the changes that occurred during these time periods. To make 
a comparison of the results, we also analyzed the land cover from satellite images by means 
of supervised classification based on the colors of the features, in a smaller number of classes 
but at a higher resolution. The products obtained from this study will be able to be used by 
different municipal, state or private institutions for different purposes, analysis, and planning. 

 
Keywords: Land Cover, GIS, QGIS, Map, Raster, Municipality.   
 

1. INTRODUCTION  

Land cover and land use are two terms that are often used interchangeably, but they have 
distinct meanings. Land cover refers to the surface cover of the earth, which includes 
vegetation, urban infrastructure, water, bare soil, and so on. Identifying land cover provides 
the baseline information for various activities such as thematic mapping and change detection 
analysis. Land use, on the other hand, refers to the purpose for which the land is used, such as 
recreation, wildlife habitat, or agriculture. [1,2]  
When used together, the phrase Land Use / Land Cover (LULC) generally refers to the 
categorization or classification of human activities and natural elements on the landscape 
within a specific time frame based on established scientific and statistical methods of analysis 
of appropriate source materials. [1] 
The world we live in has been constantly changing since the emergence of humanity. One of 
the most noticeable changes is the coverage of the land surface. Over the years, many parts of 
the land have experienced changes in the physical material that covers them. While some 
changes have had a positive effect, others have had negative consequences. 
In the short term, natural disturbances such as storms, floods, fires, volcanic eruptions, insects, 
and landslides, as well as human activities such as population growth, industrial and urban 
development, deforestation or reforestation, water diversion, and road construction, can affect 
land cover. These changes can be perceived as either improvements or degradations of the 
land cover condition, depending on the perspectives. [3] 
The growth of a society is dependent on its social and economic development, which is why 
socio-economic surveys are conducted. These surveys include both spatial and non-spatial 



 

579 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

data sets, where LULC (Land Use/Land Cover) maps play an important role in planning, 
management, and monitoring programs at the local, regional, and national levels. The 
information provided by these maps helps in understanding land utilization and developing 
policies and programs for development planning. To ensure sustainable development, 
monitoring of land use/land cover patterns over time is necessary. Authorities involved in 
urban development must generate planning models to use available land rational ly and 
optimally, and to prevent haphazard development of towns and cities. This requires current 
and past land use/land cover information. LULC maps are also useful in studying changes in 
the ecosystem and environment. Detailed information about land use/land cover of a study 
unit helps in formulating policies and launching programs to save the environment. [1]  
From what we said, it is evident that land coverage is crucial in determining the most effective 
use of land and preventing its deterioration. In the upcoming section, we will explore different 
techniques utilized for processing and analyzing land cover data, alongside the products that 
emerge from these processes. 

2. MATERIALS AND METHODS 

2.1.Study area 

The study area for this project is the municipality of Gjakova, located in the southwestern part 
of Kosovo. With a total area of 587 km² and a population of around 94,556 inhabitants, 
Gjakova is situated between 42° 15′ and 42° 34′ north latitude, and 20° 09′ and 20° 37′ east 
longitude. The municipality has a favorable geographical location, placed in the Dukagjin 
region between the municipalities of Peja and Prizren, and on its western side, it shares a 
border with Albania. 

 
Figure 1. Study area 

2.2.Methodology 

The project methodology involves the creation of land cover maps, change maps, and 
statistical tables for the study area using data acquired from various open sources through GIS 
software. The data includes raster data provided by CORINE Land Cover and satellite images 
from different sources.  

 
2.2.1. GIS in land coverage analysis 

GIS is an acronym for Geographic Information System, which is a technology that enables 
you to capture, store, manipulate, analyze, and present spatial data. GIS can assist you in 
visualizing land data on maps, graphs, and reports, as well as performing intricate calculations 
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and queries. GIS has the capability to combine data from various sources, such as satellite 
imagery, census data, zoning regulations, environmental assessments, and market trends. [4]  
The use of Geographic Information System (GIS) has significantly contributed to the 
evolution of land cover and land use data, leading to their widespread application in society. 
GIS technology has made it easier to collect, process, and analyze these data, resulting in 
higher-quality outputs. The relationship between GIS and land coverage is therefore very 
close, and this connection will be further explored in the remainder of this paper. 

 
2.2.2. Maps creation from CORINE Land Cover data 

Based on the data obtained from CORINE Land Cover for the study area, we have created 
two coverage maps for the years 2006 and 2018. Additionally, we have created a map of 
changes between these two periods. 
CORINE Land Cover (CLC) product offers a pan-European land cover and land use inventory 
with 44 thematic classes, ranging from broad forested areas to individual vineyards. The 
product is updated with new status and change layers every six years—with the most recent 
update made in 2018. CLC serves a multitude of users and has nearly limitless potential and 
actual applications, including environmental monitoring, land use planning, climate change 
assessments, and emergency management. The product has a Minimum Mapping Unit 
(MMU) of 25 hectares (ha) for areal phenomena and a minimum width of 100m for linear 
phenomena.  
We've downloaded raster data for the entire territory of Kosovo for the years 2006 and 2018. 
However, as we are only interested in the municipality of Gjakova territory, we have clipped 
the irrelevant parts of the rasters using tools for manipulating raster data. This was done based 
on the shapefile of the borders of the municipality of Gjakova so that we only have the 
necessary data for our study area. [2] 
The CORINE Land Cover data comes with symbology and labels for all 44 possible cover 
classes. We've applied this symbology to the rasters of the two periods to obtain land coverage 
maps for the municipality of Gjakova. Using the Semi-Automatic Classification Plugin and 
post-processing tools, we've generated classification reports for the coverage in the two years. 
These reports contain information on the number of pixels covered by each class, the 
percentage of the territory they occupy, and the total area. We've also created column graphs 
to visually track changes along the surfaces occupied by each class.  

 
2.2.3. Change analysis in land coverage 

When analyzing land cover, it is essential to examine the changes that have taken place over 
a specific period of time. The analysis of these changes is crucial in creating rules, making 
decisions, and planning for the most sustainable and rational use of the earth's surface. 
One of the ways to analyze changes in land cover over time is through pre-created maps from 
CLC data. The primary tool for this analysis is geoprocessing, which provides a framework 
for managing and analyzing geographic data. However, geoprocessing tools can only be used 
for data in vector format. Therefore, the first step is to convert the data from raster to vector 
format using the Polygonize (Raster to Vector) tool. The resulting layers are then dissolved 
based on the classification codes to obtain an object for each coverage class, which may have 
more than one polygon. Finally, to identify areas where there is a change in coverage class 
from 2006 to 2018, we use the intersection tool to identify areas where polygons overlap. This 
process automatically identifies areas where there is a change in coverage class.  
The results obtained from the analysis have been displayed in a coverage change map, with 
different colors representing the various changes detected. To avoid overloading the map with 
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too much information, we only included changes with a total area greater than 1cm 2. The 
remaining changes can be viewed in a separate file accompanied by graphics for better 
understanding. 

 
2.2.4. Land cover analysis from satellite images 

Another way to obtain data on land cover is through satellite imagery. Nowadays, there are 
numerous companies and organizations that provide satellite images for either a fee or for 
free. In our case, we used the ESRI Satellite image with a resolution of 0.6m, which is 
available for free and can be found as a base map in various software. This image for our 
territory was captured on 28.11.2021. 
Land cover data can be extracted from satellite images by classifying image pixels based on 
the colors associated with the corresponding features. Although satellite images provide 
higher resolution coverage than the CLC data, the number of features that we can classify is 
smaller compared to the 44 classes of CLC. This is because the classification is carried out by 
detecting colors, and in nature, different phenomena and objects can be characterized by the 
same color. 
Pixel classification in satellite imagery can be achieved through automatic or supervised 
classification. Unsupervised classification is calculated by software that analyzes an image 
without the input of user-provided sample classes. This involves grouping pixels with 
common characteristics. The computer uses techniques to determine which pixels are related 
and groups them into classes. The user can specify which algorithm the software will use and 
the desired number of output classes, but is otherwise not involved in the classification 
process. However, it is important for the user to have knowledge of the area being classified. 
On the other hand, supervised classification is based on the idea that a user can select sample 
pixels in an image that are representative of specific classes and then direct the image 
processing software to use these training sites as references for the classification of all other 
pixels in the image. The user selects training sites based on their knowledge of the area being 
classified. They also determine the bounds for how similar other pixels must be to group them 
together. These bounds are often based on the spectral characteristics of the training area and 
may include a certain increment based on the "brightness" or strength of reflection in specific 
spectral bands. The user also designates the number of classes into which the image is 
classified. [2] 
In our research paper, we conducted a supervised classification by creating training samples 
and dividing the features into seven categories. For each feature, we attempted to capture all 
shades of colors to achieve a more precise classification. This classification was realized in a 
30m resolution. 

3. RESULTS AND DISCUSSION 

From the data provided by CORINE Land Cover, as a result, we obtained two maps of land 
coverage for the territory of the municipality of Gjakova for the years 2006 and 2018, 
accompanied by reports on land coverage for these periods.  
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Figure 2. Land coverage map in 2006                                         Figure 3. Land coverage map in 2018 

In the maps above, we can observe the changes in land coverage over a 12-year period. Also, 
in addition to the legend, the maps also have attached graphs about the area of the features. 
The attached coverage reports indicate the number of pixels covered by each class, the 
coverage percentage, and the total coverage area. According to the 2006 report, the three 
classes that have the highest percentage of land coverage in the municipality of Gjakova are 
Broad-leaved forest (37.78%), Complex cultivation patterns (21.94%), and Non-irrigated 
arable land (14.96%). 

 
Figure 4. Land Coverage Report 2006 

Even in 2018, the three classes with the highest coverage continue to remain the same, but the 
percentage of their coverage changes as follows: Broad-leaved forest (37.12%), Complex 
cultivation patterns (20.92%), and Non-irrigated arable land (11.68%). 

Class Number of pixels Percentage % Area [m2]
Discontinuous urban fabric 1169 2 11745057.48
Industrial or commercial units 53 0.09 532496.19
Airports 91 0.16 914285.91
Non-irrigated arable land 8735 14.96 87761400.41
Vineyards 668 1.14 6711461.42
Fruit trees and berry plantations 190 0.33 1908948.61
Pastures 314 0.54 3154788.75
Complex cultivation patterns 12808 21.94 128683230.3
Land principally occupied by agriculture with significant areas of natural vegetation 4000 6.85 40188391.71
Broad-leaved forest 22055 37.78 221588744.8
Coniferous forest 301 0.52 3024176.48
Mixed forest 175 0.3 1758242.14
Natural grasslands 1151 1.97 11564209.72
Sclerophyllous vegetation 4 0.01 40188.39
Transitional woodland-shrub 3669 6.29 36862802.3
Bare rocks 82 0.14 823862.03
Sparsely vegetated areas 2162 3.7 21721825.72
Inland marshes 184 0.32 1848666.02
Water bodies 559 0.96 5616327.74
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Figure 5. Land Coverage Report 2018 

As a result of our analysis and comparisons, we have not only obtained coverage maps but 
also a map that displays changes in land coverage classes during the years 2006 and 2018. 
This map presents the changes that occurred through feature codes and colors, making it easier 
to understand the changes in a visual format. 

 
Figure 6. Land coverage changes map 2006-2018 

Class Number of pixels Percentage % Area [m2]
Discontinuous urban fabric 1427 2.44 14325299.3
Industrial or commercial units 201 0.34 2017789.18
Airports 87 0.15 873371.44
Mineral extraction sites 30 0.05 301162.56
Non-irrigated arable land 6821 11.68 68474328.32
Vineyards 695 1.19 6976932.73
Fruit trees and berry plantations 190 0.33 1907362.91
Pastures 856 1.47 8593171.83
Complex cultivation patterns 12220 20.92 122673551.1
Land principally occupied by agriculture with significant areas of natural vegetation 4131 7.07 41470085.08
Broad-leaved forest 21684 37.12 217680301.3
Coniferous forest 312 0.53 3132090.67
Mixed forest 175 0.3 1756781.62
Natural grasslands 1312 2.25 13170842.8
Sclerophyllous vegetation 6 0.01 60232.51
Transitional woodland-shrub 3877 6.64 38920242.03
Bare rocks 81 0.14 813138.92
Sparsely vegetated areas 3754 6.43 37685475.52
Water bodies 561 0.96 5631739.95
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Between the years 2006 and 2018, the land coverage in the area has undergone several 
changes. The most significant change was the conversion of 1412.08 hectares of non-irrigated 
arable land to complex cultivation patterns. This was followed by the conversion of 1051.37 
hectares of land from complex cultivation patterns to land principally occupied by agriculture 
with significant areas of natural vegetation. The third most significant change was the 
transformation of 1009.87 hectares of transitional woodland-shrub into sparsely vegetated 
areas. Other changes in land coverage are depicted in the chart below. 

 
Figure 7. Chart of land cover changes 

The results presented above are based on CLC data. Regarding the coverage data obtained 
from satellite images, as a result, we have obtained the coverage map of 2021 and the coverage 
report. 

 
Figure 8. Land coverage map in 2021 from satellite images 
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Figure 9. Land Coverage Report 2021 

4. CONCLUSION 

This study highlights the significant importance of land cover data for humanity, especially 
in managing natural resources and ensuring proper economic development. Therefore, the 
data on land coverage should be of the highest quality and as safe as possible. Comparing the 
data used by us, we can see that data provided by CLC has a lower spatial resolution but is 
classified in a higher number of classes. On the other hand, data extracted from satellite 
images has a higher spatial resolution, but the classification can be done in a lower number of 
classes, as we base it on the color of the features, and in nature, we may encounter phenomena 
of the same color, leading to false classifications that are challenging to eliminate. We also 
understand that the data analysis process is crucial to obtain accurate information, and GIS 
software and geoprocessing tools significantly facilitate this process. It is essential to model 
and style the results obtained on different maps with great care to avoid any confusion when 
reading them. 
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This article evaluates and compares two modern spatial data acquisition technologies, mobile 
mapping, and static terrestrial scanning, in terms of data collection and processing effort, 
accuracy, and integrity of the resulting point clouds. Mobile mapping contains a group of tools 
that use moving media such as vehicles or pedestrian surveys to collect data. Three types of 
mobile mapping devices were tested: spherical imaging followed by reconstruction using SfM 
(Structure from Motion) to create point clouds; the Faro Orbis mobile laser scanner that 
rapidly collects data indoors and outdoors using a combination of laser scanning, an inertial 
unit (INS), and SLAM (Simultaneous Localization and Mapping); and the VMX-2HA 
vehicle-mounted mobile mapping system using the Global Navigation Satellite System 
(GNSS), INS, and SLAM for mass data collection in exterior.  A Trimble X7 scanning system 
was used for static scanning, and the resulting reference point clouds were created by 
combining several survey stations. The results show the differences between the types of 
mobile mapping methods and their advantages, also compared to static scanning. SfM from 
spherical imagery is suitable for creating models with lower accuracy and density 
requirements for point clouds, while Faro Orbis and VMX-2HA provide the flexibility to 
collect data with varying levels of accuracy and detail in interiors and exteriors. The choice 
between these methods depends on the specific requirements of the project. This paper 
provides an overview and comparison of key parameters to facilitate the selection of the 
appropriate technology for a given application. 

 
Keywords: Mobile mapping, SfM, SLAM, GNSS/INS 

1. INTRODUCTION  

Spatial data acquisition plays a key role in various fields, including urban planning [1], 
architecture, heritage conservation, and territorial area management. For this purpose, various 
methods are commonly used. This paper deals with a comparison analysis of terrestrial laser 
scanning and mobile mapping methods, focusing on the difficulty of data collection and 
processing, accuracy and integrity of the resulting point clouds. 
Mobile mapping uses a variety of tools as dynamic platforms, e.g. vehicles or persons. The 
device can include a digital camera, a laser scan head, an INS system, an odometer, and a 
GNSS system that is used for data collection [2]. In this article, three types of mobile mapping 
devices were tested: spherical imagery in conjunction with structure-from-motion (SfM) [3] 
reconstruction, a Faro Orbis mobile laser scanner integrating laser scanning, an inertial unit 
(INS) and simultaneous localization and mapping (SLAM), and a vehicle-mounted mobile 
mapping system VMX-2HA [4] using global navigation satellite system (GNSS), INS and 
SLAM [5] technologies. 
In contrast to these mobile methods, static scanning using the Trimble X7 [6] scanning 
system, which generated point clouds of reference points using a combination of measurement 
stations, served as a benchmark. By carefully comparing these methodologies, this research 
highlights the applicability of each approach and allows surveyors to discern the most 
appropriate technology for their specific project requirements. 
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2. MATERIALS AND METHODS 

2.1.  Materials 

Four devices were used for this project: a static scanner, a 360 ° camera, and two mobile laser 
scanners. 

 
2.1.1. Static scanning device 

The first, the static scanner, was used to create reference point clouds. It was measured with 
Trimble X7, which enables fast scanning, transfer of the device during measurement is very 
simple and fast and enables automatic connection of survey stations. Its measuring range is 
0.6-80 m with an accuracy of 2 mm. 

 
Figure 1. Trimble X7 with controller. 

 
2.1.2. Mobile scanning devices 

A 360-degree commercial Insta360 X3 is the first device in this project used for mobile 
mapping. The camera consists of two fisheye lenses – the equivalent 35mm focal length is 6.7 
mm, and the sensor size is ½”. The camera can take 360 videos with 5.7K resolution 
(5760x2880).  
The second mobile mapping device used in this project is Faro Orbis. This handheld scanner 
was released in October 2023. It is a combination of a mobile scanner (GeoSLAM) with a 
stationary flash scanning feature. The accuracy given by the manufacturer is 5 mm. The 
scanner captures 640,000 points per second. 
And the last mobile device is the Riegl VMX-2HA. This mobile scanner is placed on the roof 
of the car. It includes two laser heads with a speed of 1 million points per second, a LadyBug 
panoramic camera for cloud coloration, positionable cameras, IMU and GNSS unit. Vehicle 
speed during scanning is typically around 50 km/h, point density is around 8000 pts/m2. The 
accuracy claimed by the manufacturer using IMU and GNSS is in the range of 2-3 cm. 
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Figure 2. Mobile mapping devices (Insta360 X3, Faro Orbis, Riegl VMX-2HA). 

 (
1) 

2.2.  Case Study  

The devices were tested in three different places, each place was measured with the terrestrial 
static scanner but only with one type of mobile mapping device.  
The first test object was the interior of an ordinary family house with 6 rooms. This object 
was measured with the Insta360 camera. A total of 12 code targets were placed in pairs and 
the length between each pair was measured. These targets were used as control points. The 
accuracy of the reference point cloud is 2.1 mm. 
Data collection with Faro Orbis was carried out in the historic administration building, in the 
basement. The reference clouds were measured with a deviation of 1.3 mm. 
Compared to previous devices, the Riegl VMX-2HA is designed for outdoor measurements. 
The measurements were carried out in Pilsen, North Suburbs, where a test base for this device 
was built. The base contains the high-precision control points to which both mobile scanner 
and static scanner measurements were tied. The accuracy of the reference cloud is 1.9 mm. 

 
2.3.  Measurement methods 

To reconstruct a 3D model of an area using SfM, it is necessary to have multiple overlapping 
images taken from different angles. The other condition is to measure in a heterogeneous 
environment. SfM identifies significant points and then uses these points to reconstruct the 
interior and exterior camera orientation elements and to reconstruct 3D points of interest area. 
The first test area was measured with an Insta360 camera mounted on a selfie stick. The rooms 
were then walked with the camera at eye level and the data was recorded via video. 
SLAM technology works on a similar principle to SfM, but, in addition, INS and often GNSS 
data are measured to locate the position of the device.  
After a basic initialization of the mobile systems, the area was surveyed. To increase the 
accuracy of SLAM technology, measurement was started and finished at the same location. 
Measuring with the Trimble X7 terrestrial static scanner is very easy. After placing the device 
on the first survey station, it is not necessary to accurately level the device, the measurement 
can be started. This procedure is repeated throughout the object of interest. The spacing of the 
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measuring stations was about 30 m. The linking of points to clouds is done automatically 
'cloud to cloud' immediately after measurement. 
The steps of each method and their difference are shown in Figure 3. 

 

 
Figure 3. Steps of mobile mapping and static scanning processing. 

2.4.  Processing 
 

3D reconstructions of areas are processed using two different methods, SfM and SLAM. 
Softwares were used for this purpose: Agisoft Metashape, Faro Connect, and Riegl 
RiPROCESS. 
Firstly, the recorded INSV video from Insta360 X3 has to be edited in Insta360 Studio, frames 
using INS data from the camera are stabilised, videos from two lenses are stitched in one, and 
the video is exported to mp4 format. The export is followed by frame separation; frames with 
one-second spacing are extracted and saved as individual images. Photos then proceed in the 
software Agisoft Metashape; an important note is to set in this software these images as 
spherical and create a clipping mask (remove surveyor). The process then proceeds like any 
other photogrammetric project. The photos are aligned, the measured distances between 
control points are entered, the points are adjusted, and the point cloud is calculated (Figure 
5). 
For the remaining mobile devices, the basic processes are similar to each other.  In the Faro 
Connect and Riegl RiPROCESS software, the SLAM and GNSS/INS technologies first 
determine the basic measurement trajectory. Depending on this trajectory, 3D points of the 
surrounding environment are then calculated. After this process, the ground control points can 
be inserted, and the adjustment is performed.  
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A comparison of mobile mapping with static scanning was performed in CloudCompare 
software, clouds were linked via ground control points, and cloud distances were calculated. 

 

 
Figure 5. Point clouds with Insta360 camera position (left) and trajectories (middle Faro Orbis, right 

VMX-2HA)  

3. RESULTS AND DISCUSSION 

This section is dedicated to comparing mobile methods with a static method and with each 
other. The values compared are the cost of the device, measuring time, processing time, and 
cloud accuracy. The values are shown in Table 1. Calculations were performed on a PC 
consisting of an Intel Core i9-7900, RAM 128 GB RAM, and a Nvidia GeForce RTX 2080 
Ti.  

Table 1. Comparison of mobile mapping methods with terrestrial static scanning 

  
Measurem
ent time 

Manual 
processing + 
calculation 

time 

3D 
standard 
deviatio

n 

Static scanner 
measurement 

+ time 
calculation 

Price of 
device 

Insta360 X3 (Fig. 6) 10 min 15 min + 3 h 35 mm 2 + 1 h 470 € 
Faro Orbis (Fig. 7) 8 min 5 min + 1 h 4 mm 1 + 0.75 h  47 000 € 
Riegl VMX-2HA 

(Fig. 8) 2 min 10 min + 1 h 17 mm 2 + 1 h 590 000 € 

Trimble X7 6 
min/station 

1 min + 0.15 
h/st. - - 28 000 € 
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Figure 6. Comparison of the SfM method using Insta360 X3 and static scanning 

 

 
Figure 7. Comparison of the SLAM method using Faro Orbis and static scanning 
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Figure 8. Comparison of the SLAM method using Riegl VMX-2HA and static scanning 

The quality and accuracy of SfM depend very much on image quality. In this case, in the 
family house, light conditions were not ideal. The frames extracted from the video are very 
poor and this was reflected in the overall quality of the point cloud (Figure 6). Moreover, this 
method requires high attention in processing and the experience of the operator. Outputs from 
3D point reconstruction can often be deformed, and it may be appropriate to divide the object 
into several parts. 
As can be seen, using mobile laser scanning with the SLAM method is more accurate. In the 
first case of this method, using Faro Orbis in the interior, the deviations are very close to zero 
(Figure 7), and the quality of the data is very good.   
The accuracy is slightly worse when using the Riegl VMX-2HA mobile mapping system, but 
in this case, long distances are measured, and the system uses GNSS measurements to adjust 
the trajectory. The error from the GNSS measurement is then reflected in the overall cloud 
point accuracy. Figure 8 then shows the systematic deviation caused by this error.  

4. CONCLUSION 

The study compared mobile mapping methods (SfM and SLAM) with static terrestrial 
scanning. The key factors considered were equipment cost, measurement time, processing 
time, and cloud accuracy. 
SfM using a spherical camera (Insta360 X3) offers a low-cost solution but provides lower 
accuracy and requires significant processing experience.  On the contrary, mobile laser 
scanning with SLAM (Faro Orbis and Riegl VMX-2HA) provides higher accuracy but is 
associated with higher costs.  
However, in general, mobile mapping offers a faster measurement method than terrestrial 
static scanning, resulting in a large cost reduction. 
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The optimal choice ultimately depends on the project requirements. This article provides 
valuable insights and comparisons of key parameters to help select the most appropriate 
technology for a given application. 
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The cartographic representation of country borders is the most crucial aspect of mapping, 
decision making processes and spatial understanding. With the Republic of Kosova’s rather 
complex geopolitical history, it provides a compelling plane of study for examining the 
transformation of the border across different map projections. This study tends to analyze the 
different variations of Kosovo’s border when portrayed on diverse map projections and 
evaluating the implications for special perception. While utilizing Quantum Geographic 
Information Systems (QGIS) software, this research compares Kosova’s borders, their 
Municipalities and their Cadastral Zones within, undergone different map projections. The 
study elucidates linear distortions, angular deformations and area distortions that arise from 
each projection’s background mathematical framework. The findings of this research 
contribute to cartographic theory and practical use for applications, filling the need for critical 
engagement with map projections in spatial analysis and decision-making processes.  
 
Keywords: Republic of Kosovo, Map projections, QGIS, automatic transformation. 
 

1. INTRODUCTION 

Map projections are systematic representations of all or part of the surface of a round body, 
especially the Earth, on a plane. Since features of the earth can’t be displayed without 
distortion, the cartographer’s job is to choose which characteristic is to be shown accurately 
at the expense of others, or a compromise of several characteristics. Distortions can be 
apparent based on the surface area in question. For small areas such as countries/cities, 
distortions might not be visible but if the surface area in question is a large amount such as 
continents/the earth, the distortions are apparent. So based on which feature we want to 
preserve, cartographic projections based on the way of presentation of the cartographic grid 
are classified as: 
 
- Conical,   
- Pseudo Conical, 
- Cylindrical,   
- Pseudo Cylindrical, 
- Azimuthal,   
- Pseudo Azimuthal 
- Poly Conical and  
- Axonometric. 

1.1. Kosovo’s Geographical position 

Kosovo has a central geographical position in the Balkan Peninsula that has a connecting role 
between the northern and southern, western and eastern parts, but also of Central Europe. Its 
natural conditions are quite favorable. They make Kosovo a crossroads between the Adriatic, 
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the Pannonian Plain and the Aegean Sea. Kosovo lies between 41°50'58" and 43°51'42" north 
latitude and 20°01'30" and 21°48'02" east longitude with a surface area of 10,887 km². 
 

1.2. Kosovo’s State Coordinate Reference System (CRS) - KOSOVAREF01 (EPSG 
9141) 

The Republic of Kosova has adopted its national CRS entitled “KOSOVAREF01” on year 
2001, which is based on the ETRS89 geodetic datum. based on ETRS89 datum and Gauss-
Krüger projection with -1dm/km distortion (scale factor 0.9999) along the central meridian 
(21°E), equator as origin of latitude, Greenwich as origin of longitudes, as well 7500000m 
false easting and 0m false northing values (Idrizi et all 2009). CRS “KOSOVAREF01” is the 
legal and technical base for all official geodetic, topographic, cartographic, and cadastral data 
in Kosova. The state CRS of Kosova “KOSOVAREF01” was officially recognized and 
registered in EPSG database with its own code 9141. (Figure 1.1) 

2. USING DIFFERENT MAP PROJECTIONS ON THE RKS’S BORDERS 

In this chapter the Republic of Kosova’s Municipal borders will undergo the main categories 
of projections previously mentioned in the first chapter. For each category there will be two 
different types of Map Projections. 

 
2.1. Conical Projections 

Conical map projections are a category of map projections that project data from a three-
dimensional spherical surface onto a two-dimensional conical surface. The cone is then 
unwrapped onto a flat plane to create a map. Normal conic projections are distinguishable 
from the use of concentric circles centered at the apex of the cone for parallels of latitude and 
proportionally spaced straight radii of these circles that are interrupted at the apex of the cone 
for meridians.  

 
2.1.1 Albers Equal-Area Conic Projection (ESRI:102013) 

Is a conic, equal-area projection. Parallels are unequally spaced arcs of concentric circles, 
more closely spaced at the north and south edges of the map. Meridians are equally spaced 
radii of the same circles, cutting parallels at right angles. There is no distortion in scale or 
shape along two standard parallels, or along just one. Poles are arcs of circles. Was presented 
by Albers in 1805. (Figure 2.1.) 

 
2.1.2. Lambert Conformal Conic Projection (ESRI:102014) 

Is a conic, conformal projection. Parallels are unequally spaced arcs of concentric circles, 
more closely spaced near the center of the map. Meridians are equally spaced radii of the same 
circles, thereby cutting parallels at right angles. Scale is true along two standard parallels, 
normally, or along just one. Pole in same hemisphere as standard parallels is a point; other 
pole is at infinity. Used for maps of countries and regions with predominant east -west 
expanse. Was presented by Lambert in 1772. (Figure 2.2.) 

2.2.Cylindric Projections 

The regular cylindrical projections consist of meridians which are equidistant parallel straight 
lines, crossed at right angles by straight parallel lines of latitude, generally not equidistant. 
Geometrically, cylindrical projections can be partially developed by unrolling a cylinder 
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which has been wrapped around a globe representing the Earth, touching at the Equator, and 
on which meridians have been projected from the center of the globe.  
 

2.2.1.   Cylindrical Equal-Area Projection (ESRI:54034) 

Is a cylindrical, equal-area projection. Meridians on normal aspect are equally spaced straight 
lines. Parallels on normal aspect are unequally spaced straight lines, closest near the poles, 
cutting meridians at right angles. On normal aspect, scale is true along Equator, or along two 
parallels equidistant from the Equator. Is an orthographic projection of sphere onto cylinder. 
There is substantial shape and scale distortion near points 90° from central line. Normal and 
transverse aspects were presented by Lambert in 1772. (Figure 2.3.) 
 

2.2.2.   Equidistant Cylindrical Projection (ESRI:54002) 

Is a cylindrical, neither equal-area nor conformal projection. Meridians and parallels are 
equidistant straight lines, intersecting at right angles. Poles are shown as lines. 
Used for world or regional maps due to its very simple construction and used only in spherical 
form. Was presented by Eratosthenes (B.C.) or Marinus (A.D. 100). (Figure 2.4.) 
 

2.3.Azimuthal Projections 

The azimuthal projections are formed onto a plane which is usually tangent to the globe at 
either pole, the Equator, or any intermediate point. Azimuthal projections are characterized 
by the fact that the direction, or azimuth, from the center of the projection to every other point 
on the map is shown correctly. In regular azimuthal projections, parallels are represented as 
concentric circles from the projection center, at different distances between them depending 
on the mode design. As you move away from the pole, the distance between the parallels may 
increase, decrease, or remain constant. Unlike parallels, meridians are represented as lines 
rights that start-stop at the pole of projection and continue to the equator.  
 

2.3.1. Lambert Azimuthal Equal-Area Projection (ESRI:102017) 

Lambert azimuthal is an azimuthal, equal-area projection. Not a perspective projection. All 
meridians in the polar aspect, the central meridian in other aspects, and the Equator in the 
equatorial aspect are straight lines. The outer meridian of a hemisphere in the equatorial aspect 
(for the sphere) and the parallels in the polar aspect (sphere or ellipsoid) are circles.  All other 
meridians and parallels are complex curves. Scale decreases radially as the distance increases 
from the center, the only point without distortion. Scale increases in the direction 
perpendicular to radii as the distance increases from the center. Directions from the center are 
true for the sphere and the polar ellipsoidal forms. Point opposite the center is shown as a 
circle surrounding the map. Used for maps of continents and hemispheres. Was presented by 
Lambert in 1772. (Figure 2.5.) 
 

2.3.2. Azimuthal Equidistant Projection (ESRI:54032) 

Is an azimuthal, neither equal-area, conformal or a perspective projection. Distances measured 
from the center are true. Distances not measured along radii from the center are not correct. 
The center of projection is the only point without distortion. Directions from the center are 
true. All meridians on the polar aspect, the central meridian on other aspects, and the Equator 
on the equatorial aspect are straight lines. Parallels on the polar projection are circles spaced 
at true intervals (equidistant for the sphere). The outer meridian of a hemisphere on the 
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equatorial aspect (for the sphere) is a circle. All other meridians and parallels are complex 
curves. Point opposite the center is shown as a circle (for the sphere) surrounding the map. 
Used in the polar aspect for world maps and maps of polar hemispheres. Used in the oblique 
aspect for atlas maps of continents and world maps for aviation and radio use. Known for 
many centuries in the polar aspect. (Figure 2.6.)  
 

2.4.Pseudo Conical Projections 

Pseudo conic projections showcase parallels as concentric circles like in the case of straight 
conical projections, while the meridians are presented as symmetrical curves against the 
central meridian, which is the only line of the cartographic network that is presented as right. 
Characteristic of these projections is that the poles are presented as points. 
 

2.4.1. Bonne Projection (ESRI:54024) 

Bonne’s is a pseudo conic projection. Central meridian is a straight line. Other meridians are 
complex curves. Parallels are concentric circular arcs, but the poles are points. Scale is true 
along the central meridian and along all parallels. No distortion along the central meridian 
and along the standard parallel. Used for atlas maps of continents and for topographic 
mapping of some countries. Sinusoidal projection is equatorial limiting form of Bonne 
projection. Used considerably by Bonne in mid-18th century but developed by others during 
the early 16th century. (Figure 2.7) 
 

2.5.Pseudo Cylindrical Projections 

Pseudo-cylindrical map projections are a category of map projections that aim to balance the 
preservation of certain properties, such as shape, area, distance, or direction, across a map. 
Unlike true cylindrical projections, which have straight meridians and parallels, pseudo-
cylindrical projections often feature curved meridians to minimize distortion. 
 

2.5.1 Mollweide Projection (ESRI:54009) 

Mollweide is a pseudo cylindrical, equal-area projection. Central meridian is a straight line; 
90th meridians are circular arcs; all other meridians are equally spaced elliptical arcs.  
Parallels are unequally spaced straight lines, parallel to each other. Poles are points.  
Scale is true along latitudes 40°44' N. and S. Used for world maps with single central meridian 
or in interrupted form with several central meridians. Inspiration for several other projections. 
Presented by Mollweide in 1805. (Figure 2.8) 
 

2.6.Polyconic Projection (ESRI:54021) 

The polyconic projection is neither conformal nor equal area. Its scale is true along each 
parallel and along the central meridian, but no parallel is "standard". Parallels of latitude 
(except for Equator) are arcs of circles but are not concentric. Central meridian and Equator 
are straight lines, all other meridians are complex curves. Free of distortion only along the 
central meridian. Was apparently originated about 1820 by Hassler. (Figure 2.9) 
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3. RESULTS AND DISCUSSION 

After performing each projection individually, we are presented with these maps. In each 
projection, the respected municipal area is extracted along with its border perimeter for 
further analysis. The following maps are corresponded to each projection mentioned 
previously based on Figure Numbers. 

 

 
              Figure 1. KosovaRef01 CRS.                              Figure 2. Albers Equal-Area. 

  
 

 
             Figure 3. Lambert Conformal                                       Figure 4 Cylindrical Equal-Area. 

                  
         Figure 5. Equidistant Cylindrical.                         Figure 6 Lambert Azimuthal Equal-Area. 
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       Figure 7. Lambert Azimuthal Equidistant .                                         Figure 8 Bonnes. 

 

                 
                     Figure 9. Mollweide.                      Figure 10. Polyconic 
 
The extraction of the Municipality properties such as Area and Perimeter in the previously 
mentioned projections, gave its distortions between them. To find its distortions, the areas and 
perimeters in the default CRS of Kosovo were extracted and compared them with the results 
from each projection. The following values are the differences between areas referred to State 
Map Projection of the Republic of Kosova KOSOVAREF01 (EPSG 9141) expressed in 
m2/km2 for areas and m/km for the border lines of municipalities (Table 1a and Table 1b).  

4. CONCLUSION 

In conclusion, map projections play a crucial role in representing the Earth on a flat surface. 
Each map projection preserves certain characteristics based on the surface area in question so 
understanding the trade-offs between them is essential for task completion, whether it’s spatial 
analysis, thematic mapping, or a nation-wide project. As technology is advancing, 
cartographic representation evolves, and new techniques emerge that offer improved 
flexibility and accuracy. However, no known projection can perfectly represent the Earth’s 
surface without distortion, so the goal is the choice of a map projection that suits the specific 
task’s needs. 
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Annex 1: Table 1a. Differences of Areas (A) and Border lines (B) of each used map projection 
compared to Kosovaref01 CRS (EPSG 9141) 

 

 Municipalities 
  

Kosovaref01 
EPSG: 9141 

Albers Equal-
Area Conic 

ESRI:102013 
to EPSG9141 

Lambert 
Conformal Conic 
ESRI:102014 to 

EPSG9141 

Cylindrical Equal-
Area 

ESRI:54034 to 
EPSG9141 

Equidistan 
Cylindrical 

ESRI:54002 to 
EPSG9141 

Area 
(km2) 

Border 
(km) 

 A 
(m2/km2) 

B 
(m/km) 

 A 
(m2/km2) 

B 
(m/km) 

 A 
(m2/km2) 

B  
(m/km) 

 A  
(m2/km2) 

B  
(m/km) 

Deçan 293.97 121.25 118.24 0.18 2567.87 1.29 104.90 103.71 320695.76 169.18 
Pejë 602.58 173.46 124.40 0.12 1894.72 0.96 111.27 82.99 319402.99 159.25 
Gjakovë 586.62 175.48 152.53 0.12 3541.00 1.72 139.21 76.13 322411.51 156.68 
Dragash 433.84 106.37 195.68 0.35 5860.46 2.94 182.50 11.59 326438.40 124.61 
Prizren 626.86 158.43 198.21 0.11 4703.71 2.33 184.89 69.03 324401.02 154.58 
Gjilan 391.84 229.82 175.02 0.00 3386.86 1.71 161.98 50.13 322071.26 142.41 

https://www.springer.com/gp/book/9783540367024
https://icaci.org/files/documents/ICC_proceedings/ICC2009/html/nonref/10_2.pdf
https://iccgis2020.cartography-gis.com/8ICCGIS-Vol1/8ICCGIS_Proceedings_Vol1_(49).pdf
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https://www.academia.edu/107821323/State_Coordinate_Reference_Systems_of_the_Republic_of_Kosova_and_the_Republic_of_North_Macedonia_in_international_EPSG_and_PROJ_databases
https://www.fig.net/resources/proceedings/fig_proceedings/fig2012/papers/ts02m/TS02M_idrizi_meha_et_al_6050.pdf
https://www.fig.net/resources/proceedings/fig_proceedings/fig2012/papers/ts02m/TS02M_idrizi_meha_et_al_6050.pdf
https://www.fig.net/resources/proceedings/fig_proceedings/fig2018/papers/ts08e/TS08E_idrizi_pashova_et_al_9602.pdf
https://www.fig.net/resources/proceedings/fig_proceedings/fig2018/papers/ts08e/TS08E_idrizi_pashova_et_al_9602.pdf
https://op.europa.eu/en/publication-detail/-/publication/96743011-0b4f-11ea-8c1f-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/96743011-0b4f-11ea-8c1f-01aa75ed71a1
https://giscourses.cfans.umn.edu/sites/giscourses.cfans.umn.edu/files/understanding_map_projections.pdf
https://giscourses.cfans.umn.edu/sites/giscourses.cfans.umn.edu/files/understanding_map_projections.pdf
https://www.springer.com/gp/book/9781846283925
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Viti 269.69 143.36 189.75 0.04 3991.46 1.98 176.62 57.22 323141.39 147.37 
Istog 454.36 107.73 171.07 0.09 1392.17 0.71 157.16 78.76 318315.53 154.46 
Zubin Potok 334.38 111.16 192.21 0.08 564.25 0.31 179.23 55.58 316635.64 141.23 
Prishtinë 523.14 181.28 198.45 0.03 1858.57 0.95 185.49 46.19 319142.37 139.26 
Kaçanik 211.28 101.71 203.73 0.07 4529.65 2.25 190.53 63.10 324077.46 150.76 
Shtërpcë 247.70 79.63 212.57 0.17 4551.18 2.27 199.30 75.58 324094.16 159.41 
Zveçan 123.01 77.34 205.24 0.10 356.09 0.16 192.30 67.96 316186.87 145.95 
Leposaviq 539.05 149.36 205.46 0.07 479.98 0.23 192.60 93.67 314495.78 159.14 
Podujevë 632.59 192.13 205.39 0.08 619.85 0.31 192.54 18.59 316704.62 124.17 
Lipjan 338.41 189.07 207.97 0.17 2884.85 1.43 194.88 84.90 321059.84 161.51 
Ferizaj 344.61 112.47 208.42 0.13 3734.87 1.87 195.25 73.51 322627.92 156.04 
Shtime 134.42 83.32 212.73 0.35 3377.33 1.69 199.57 123.01 321961.76 180.90 
F. Kosova 84.09 65.54 212.54 0.08 2328.30 1.16 199.54 56.62 320002.48 148.72 
Kastriot 104.84 82.66 212.16 0.05 1855.74 0.91 199.17 44.20 319102.16 138.18 
Drenas 275.63 98.51 210.39 0.00 2345.11 1.17 197.31 33.86 320038.42 132.42 
Skenderaj 374.37 135.07 202.46 0.03 1635.27 0.82 189.41 32.81 318702.56 130.87 
Klinë 309.02 110.68 186.05 0.10 2338.15 1.16 172.88 67.58 320088.33 150.16 
Junik 77.76 83.88 110.28 0.17 2886.65 1.44 97.06 99.02 321312.48 167.55 
Vushtrri 344.85 118.09 212.42 0.07 1243.64 0.59 199.46 40.03 317916.84 134.09 
Therandë 361.04 115.23 209.63 0.12 3849.83 1.88 196.36 70.90 322833.83 155.19 
Mitrovicë 330.72 144.66 210.94 0.10 540.19 0.29 198.05 53.26 316536.23 140.63 
Artanë 203.98 111.23 180.95 0.06 2619.67 1.31 167.96 23.32 320631.98 128.50 
Rahovec 275.90 103.16 187.69 0.03 3526.07 1.77 174.40 43.94 322297.41 138.59 
Malishevë 306.42 121.40 201.48 0.10 3010.04 1.50 188.31 68.97 321309.25 152.31 
Kamenicë 416.61 166.97 149.14 0.08 2225.79 1.15 136.24 69.51 319969.61 151.92 
Hani i Elezit 83.11 57.80 200.90 0.11 5072.79 2.52 187.63 35.48 325051.18 136.79 
Graçanicë 122.41 108.15 208.90 0.06 2584.17 1.29 195.81 53.69 320494.56 145.97 
Partesh 28.67 44.79 175.14 0.17 3531.18 1.76 162.08 86.44 322339.98 160.97 
Mamushë 10.94 20.98 200.92 0.10 4009.33 2.01 187.59 72.95 323147.78 151.89 
Kllokot 23.39 35.10 187.10 0.01 3887.38 1.94 173.95 53.07 322960.47 143.78 
Ranillug 77.62 60.04 154.17 0.10 2903.22 1.45 141.16 74.73 321231.78 155.39 
Mitrovica V. 5.46 18.42 209.08 0.12 782.14 0.39 196.16 97.75 317023.47 163.53 

Table 1b. Differences of Areas (A) and Border lines (B) of each used map projection compared to 
Kosovaref01 CRS (EPSG 9141) 

 

Municipalities 
  

Lambert 
Azimuthal 
Equal-Area 

ESRI:102017 to 
EPSG9141 

Azimuthal 
Equidistant 

ESRI:54032 to 
EPSG9141 

Bonne 
ESRI:54024 
to EPSG9141 

Mollweide 
ESRI:54009 to 

EPSG9141 

Polyconic 
ESRI:54021 to 

EPSG9141 

 A 
(m2/km2) 

B 
(m/km) 

 A 
 (m2/km2) 

B 
(m/km) 

 A 
(m2/km2) 

B 
(m/km) 

 A 
(m2/km2) 

B 
(m/km) 

 A 
(m2/km2) 

B 
(m/km) 

Deçan 104.98 15.49 117313.62 63.15 104.96 0.39 687.43 5.39 33950.47 15.24 
Pejë 111.17 9.70 117951.07 65.35 111.20 1.71 665.81 11.33 33919.54 16.19 
Gjakovë 139.20 8.15 116875.72 64.43 139.20 1.87 759.79 11.53 34683.93 16.86 
Dragash 182.14 10.31 115643.57 50.98 182.21 2.27 892.87 1.38 36103.79 21.49 
Prizren 184.84 6.58 116652.66 60.31 184.86 0.15 850.04 6.44 36035.75 17.95 
Gjilan 161.97 0.47 119195.59 62.95 161.97 1.71 775.45 11.86 38348.48 20.34 
Viti 176.61 2.86 118524.08 64.55 176.62 2.39 813.82 13.60 38138.38 19.68 
Istog 158.10 7.80 118912.45 59.82 158.00 1.30 689.33 3.13 34604.74 17.04 
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Zubin Potok 179.24 0.93 119973.04 66.41 179.24 3.35 675.24 16.10 34956.92 18.34 
Prishtinë 185.50 1.01 120134.97 58.07 185.50 1.13 735.53 4.20 37383.87 20.23 
Kaçanik 190.51 4.67 117831.87 57.09 190.51 2.03 848.60 1.77 37775.00 19.35 
Shtërpcë 199.30 8.84 117398.91 57.00 199.30 2.78 857.89 0.16 37043.43 18.11 
Zveçan 192.33 3.96 120456.51 70.94 192.32 5.14 678.91 21.25 35386.74 17.85 
Leposaviq 192.63 10.99 121236.34 67.05 192.62 1.30 643.26 11.05 35263.88 16.53 
Podujevë 192.54 8.92 121030.80 62.69 192.54 2.64 690.26 14.49 36798.59 21.36 
Lipjan 194.89 10.66 118964.86 59.91 194.89 1.94 786.72 2.01 37058.82 17.69 
Ferizaj 195.26 7.59 118316.64 62.41 195.26 0.36 821.44 8.10 37325.39 18.35 
Shtime 199.56 21.64 118350.79 64.01 199.57 1.30 811.20 3.41 36797.96 15.31 
F. Kosova 199.48 2.90 119274.66 57.17 199.50 2.32 768.41 1.27 36664.61 19.03 
Kastriot 199.16 1.57 119713.88 53.26 199.17 3.60 748.54 2.81 36630.78 20.07 
Drenas 197.30 4.58 118937.38 55.06 197.29 1.73 766.94 2.16 36122.79 20.33 
Skenderaj 189.41 5.12 119272.43 60.96 189.41 1.66 729.99 11.32 35539.71 19.95 
Klinë 172.89 5.13 118331.43 57.56 172.89 1.91 743.23 1.51 35141.08 17.87 
Junik 96.92 14.38 116967.42 69.02 96.97 3.25 692.90 15.20 33895.63 15.24 
Vushtrri 199.46 3.20 120097.95 58.32 199.46 0.47 723.26 5.55 36259.66 20.07 
Therandë 196.39 6.98 117652.82 61.19 196.39 0.07 827.12 6.86 36369.39 18.00 
Mitrovicë 198.04 0.42 120578.35 59.96 198.04 0.36 692.22 5.98 35888.46 19.09 
Artanë 167.96 7.27 119779.04 54.77 167.96 1.82 750.06 2.45 38079.56 22.00 
Rahovec 174.41 1.46 117367.00 59.00 174.41 0.47 793.01 7.99 35415.77 19.24 
Malishevë 188.28 5.92 118082.57 59.23 188.28 1.07 785.48 3.98 35772.89 18.00 
Kamenicë 136.23 5.81 120418.79 62.98 136.23 0.36 703.44 8.38 38597.76 19.32 
Hani i Elezit 187.64 3.25 117469.74 52.81 187.64 3.07 867.26 0.67 38017.58 21.19 
Graçanicë 195.86 1.82 119275.66 56.94 195.84 2.12 775.34 1.64 37095.29 19.49 
Partesh 162.07 10.93 119091.72 69.32 162.07 3.59 781.42 16.66 38406.57 18.04 
Mamushë 187.63 6.52 117227.03 59.38 187.63 0.60 825.12 4.83 35917.18 18.03 
Kllokot 173.99 1.31 118654.93 67.07 173.97 4.15 807.12 18.18 38203.23 19.97 
Ranillug 141.20 7.53 119814.65 62.70 141.19 0.06 735.92 7.52 38672.13 19.02 
Mitrovica V. 196.12 12.89 120204.72 69.14 196.12 2.43 700.69 14.06 35674.60 16.31 
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In this paper will be shown how has been established a Web GIS (Geography Information 
System) platform for publication and analysis of river and road networks in the municipality 
of Vushtrri. The main aim of this project is to enable a sustainable source of geospatial 
information, including important details on the characteristics of rivers and roads networks, 
as well as to make an easy working environment for performing spatial analysis by all 
stakeholders as an integrated database for the river and road network analysis.  Developed 
platform could facilitate local administration for monitoring, management and maintenance 
of geospatial data which are under responsibilities. This platform will be able to assist not 
only the municipality but also other responsible institutions such as MESPI (Ministry of 
Environment, Spatial Planning, and Infrastructure), which are involved in the analysis and 
planning of road and hydrographic networks, also all stakeholders.  
The presentation and paper will present the developed platform and its usage by various user 
levels, as well as its updates and maintenance. 
 
Keywords: Web GIS, geospatial data, river, road, spatial analysis. 

1. INTRODUCTION  

Web GIS is the combination of the Web and GIS. The integration of the Web with GIS allows 
people the freedom to interact with GIS applications globally and access information almost 
instantly, creating a system that enables users to analyze and visualize geographic information 
through a Web browser, which we call a Geoportal. 
The Geoportal plays a crucial role in the availability of geospatial data for a wide range of 
users, including the general public and municipal institutions. To create a Geoportal, first we 
need to establish a geodatabase for storing geospatial data, such as PostgreSQL. Then, 
leveraging GeoServer, which is a server based on Java that enables the creation of maps and 
facilitates data sharing. It operates entirely under open-source principles and adheres to OGC 
standards. This platform enables the display and sharing of spatial data worldwide via the 
web. GeoServer includes a WMS component that seamlessly integrates with other Java 
applications such as OpenLayers, enabling the creation of maps in various formats.  In this 
case, GeoServer acts as an intermediary between PostgreSQL and the Heron MC (Mapping 
Client) library, which provides ready-made code for Geoportal creation. 
This Geoportal aims to provide a conducive environment for distributing, analyzing, and 
visualizing geographic information, thereby enhancing the efficiency and capacity of road and 
river network planning and management at the local level for the municipal ity of Vushtrri. 
The use of this Web GIS serves to improve the community's needs and facilitates the exchange 
of geoinformation and collaboration for the mapping and implementation of projects for the 
municipality's development. 
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2. MATERIALS AND METHODS 

2.1 Theme, territory and utilization of Ueb GIS for municipality of Vushtrri  

The road and river network is fundamental to the overall functioning of a municipality. The 
accessibility and readiness of roads have a direct impact on the local economy and the daily 
lives of citizens, while the selection of territory has been made based on a deeper 
understanding of this municipality compared to others, which has influenced decisions such 
as settlement placement, gathering data on residents in cadastral areas, etc. The connection of 
the topic with the state of rivers also serves to identify flood-prone areas, enabling planning 
and preventive measures. 
By focusing on the road and river network in the municipality of Vushtrri, the Geoportal aims 
to provide a significant source of information for all involved stakeholders. This strategic 
choice of theme and territory will contribute to improving the quality of life and sustainable 
development of the community. 
 
The main objectives of the Geoportal are: 
 
• Improving road infrastructure by identifying areas for regulation and construction of new 
roads,  
• Managing water resources to prevent floods and preserve the environment,  
• Informing citizens and local authorities about the condition of roads and rivers, and  
• Assisting in urban planning and the development of the municipality in the area of road and 
river networks. 
 
2.2 Content and structure of database 

Initially, we utilized QGIS and GeoServer. Through QGIS, we defined the projection, 
coordinate system, and stylization of features, while GeoServer facilitated the publication of 
this data as OpenLayers, allowing us to utilize it in Heron's JavaScript library, which serves 
for the creation of various Geoportals such as Kosovo's, Hungary's, and Italy's. 
Next, we will describe some of the personal layer data and the reasons for their visualization, 
as presented in (Fig 2.2.1).  
Vushtrri Municipality border - was used as a Web Map Service (WMS) but simultaneously 
possesses the characteristics of a Web Feature Service (WFS) because we configured the 
services through GeoServer. This implies that it is local and stylized through QGIS software, 
from which we exported it. Below, we will demonstrate the JavaScript code and configuration 
in GeoServer, including the projection definition, publication, and connection with stylization 
(SLD). 
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Figure 1 The "Municipality Boundary" layer in QGIS prior to stylization. 

 
 

 

 
Figure 2 Setting up the workspace and inserting data. 

 
2.2.1 Publishing data on GeoServer 

After inserting the data, we will proceed with their publication, where we will explain a case 
of how the publication is done: Firstly, we navigate to the “Layers menu”, then select “Add 
New Layers”, and subsequently, a window opens as shown below, where by clicking 
“Publish”, we continue the process of data publication. 
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Figure 3 Publishing data from personal database. 

 
2.3 The link between GeoServer and the Geoportal 

 
First, we define the type as OpenLayers and then through the link of GeoServer 
"localhost:8080/geoserver," which functions as a local network, meaning it is installed on our 
device. 
Next, we specify the layers where the Project represents the workspace while the Municipality 
is the layer to be published on the Geoportal. Other parameters like visibility are used for 
presentation; this parameter determines whether the layer should be automatically displayed 
on the Geoportal or manually activated through the button. Feature Info Format implies the 
format of information we desire to receive when clicking on a layer. Then, there are 
parameters of WFS (Web Feature Service) such as protocol, layer prefix, and workspace link 
(featureNS). Below, we have the data download formats that we defined at the beginning of 
the JavaScript. 
 
 

  
 

Figure 4 Publishing data on the Geoportal and data download formats. 

3. RESULTS AND DISCUSSION 
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3.1 Application development 

The application has been developed solely for the web, but there is the possibility of using it 
as a mobile version, which leaves much to be desired in terms of usability, as utilizing an 
application for a mobile version requires styling through CSS (Cascading Style Sheets). 
 
3.1.1 Web version 

The web version has been developed using the Heron library, which is utilized by the AKK 
of Kosova and other European states for the development of Geoportals. 
 

 
 

Figure 5. Web version. 
 

3.1.2 Mobile version 

We will use the mobile version through the iPad or Nest Hub. 
 

 
Figure 6 Mobile version. 
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3.2 The publication/distribution of created applications 

The publication of the web application was done through the local WiFi IP address, through 
which we can access it directly via the real IP address. Firstly, we navigate to cmd >> ipconfig 
to obtain the local IPs of our PC. 
However, initially, to gain access and connect via the IP address, we need to disable "Firewall 
Network Protection. 

 
Figure 7 The PC's IP address and disabling Firewall & Network Protection. 

 

3.3 The creation of web services for third-party use 

In this subchapter, we will present the usage of web services such as WFS through QGIS, 
demonstrating how this method functions and is highly suitable for remote usage in the era of 
the internet, meaning the utilization of services from a distance. 
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Figure 8 The creation of WFS (Web Feature Service) and linking it to the local GeoServer database.  

 
Figure 9 Enabling WFS for the layer "Settlements. 

 

4. CONCLUSION 

 
In our research work, we have established the utilization of the QGIS platform in collaboration 
with OSGEO for publishing and analyzing geospatial data of river and road networks in the 
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Municipality of Vushtrri represents a valuable framework for enhancing spatial analyses and 
decision-making processes. Through the integration of various geospatial technologies such 
as GeoServer and OpenLayers, we have successfully developed a comprehensive web-based 
Geoportal that facilitates the dissemination of geographic information to stakeholders and the 
general public. 
 
By using QGIS and OSGEO, we have been able to define the projection, coordinate system, 
and stylization, enabling efficient management and visualization of spatial data. Furthermore, 
the implementation of internet services such as WMS, WFS, and WCS has facilitated remote 
access to geospatial data, fostering collaboration and information exchange among users.  
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Developing and usage of Mobile GIS Applications  
Çlirim Podvorica, Bashkim Idrizi 

Department of Geodesy, Faculty of Civil Engineering, University of Prishtina “Hasan Prishtina”, Prishtina, 
Kosovo 

The presentation completes an application of how mobile GIS applications make geography 
knowledge in everyday life and in special projects. Through them, users can have immediate 
access to geographic information from anywhere, adding a dimension of understanding of 
awareness about products and the environment around them. Mobile GIS applications are 
platforms that allow users to explore, analyze and share geographic information through 
mobile devices, such as smartphones and tablets. These applications are built based on 
geographic information systems and use Internet technologies to provide quick and easy 
access to maps and geographic data. The content of these applications may include interactive 
maps, location information, and interaction with geographic data. Users can browse 
geographic space, perform various analyses, and share geographic information with others 
from their mobile devices. This also brings a new dimension to everyday life, integrating 
geographic information into daily activities and making it a valuable tool for many different 
fields, including urbanism, environment, territorial development, and many others. In this 
paper, contents such improving mobility, suitable functionalities for mobile devices, 
information sharing, security and integrity, built-in functions, intuitiveness of usage, filtering, 
and analyses, using of social links, application development process, technologies and 
programming languages, mobile application design, as well as core technologies for 
developing and using of mobile GIS applications will be presented in conference presentation 
and described in full manuscript.  

 
Keywords: Mobile GIS, graphical user interface, user interface, user experience, 

virtual reality, security certificates SSL&TLS.  
 

1. INTRODUCTION  

The presentation completes an application of how mobile GIS applications make geography 
knowledge in everyday life and in special projects. Through them, users can have immediate 
access to geographic information from anywhere, adding a dimension of understanding of 
awareness about products and the environment around them. 

2. WEBGIS MOBILE APPLICATIONS 

Web GIS Mobile applications are platforms that allow users to explore, analyze and share 
geographic information through mobile devices, such as smartphones and tablets. These 
applications are built on the basis of geographic information systems and use Internet 
technologies to provide quick and easy access to maps and geographic data. 
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Figure 1. Mobile devices 

The content of these applications may include interactive maps, location information, 
and interaction with geographic data. Users have the ability to browse geographic space, 
perform various analyses, and share geographic information with others from their mobile 
devices. 

This also brings a new dimension to everyday life, integrating geographic information 
into daily activities and making it a valuable tool for many different fields, including 
urbanism, environment, territorial development, and many others. 

 
2.1.Advantages of WebGIS Mobile Applications 

2.1.1. Ease of use and easy access 

a) Web GIS Mobile applications have a simple and easy work for users. 
b) Enables access to geographic information from mobile devices such as smartphones 

and tablets. 

 
Figure 2. Easy and engaging experience 



 

614 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

2.1.2. Improving mobility 

a) Allows users to access geographic information anytime and anywhere. 
b) It enables users to be aware of the location and environment around them, adding 

a new dimension of understanding and awareness. 
2.1.3. Functionality suitable for mobile devices 

a) Web GIS Mobile applications are designed with functionalities that are 
optimized for the small screen and characteristics of mobile devices. 

b) Users can explore maps, perform analysis and share geographic information 
with easy and intuitive use. 

 
Figure 3. Functionality suitable for mobile devices 

 

2.1.4. Information sharing 

It enables users to easily share geographic information with others, using links and 
shared social platforms from their mobile devices. 

 
2.1.5. Security and integrity 

The advantages of data security and integrity are essential supports of Web GIS Mobile 
applications, guaranteeing users that information is safe and reliable. 

 
2.2.Content of WebGIS Mobile Applications 

2.2.1. Examples of geographic information 

a) Base map with various geographic annotations, including roads, schools, and 
other key objects. 

b) Different layers of the map that present specialized information, such as 
temperature, water flow, or new constructions. 
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Figure 4. Content of applications 

2.2.2. Built-in functions 

a) Location search: Use GPS technology to find your current location and find 
nearby objects or geographic information. 

b) Photo Enhancement: Ability to upload and share geo-linked photos. 
c) Using Virtual Reality (VR): The ability to explore the environment using virtual 

reality technology. 

 
Figure 5. Virtual reality (VR) technology 

2.2.3. Intuitiveness of use 

a) Simple and understandable menus and icons to make use intuitive and easy. 
b) Use distributed controls to zoom and move around the map. 

2.2.4. Filtering and analysis 

a) The possibility to filter and analyze the data on the map based on criteria defined 
by the user. 
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b) Using graphs and diagrams to present map information more easily. 
2.2.5. Using social links 

a) Distribution of location and geographic information via social media platforms. 
b) Connecting with the community and other users to transmit and receive 

geographic information. 

 
Figure 6. Using social links 

2.2.6. Application Development Process 

a) Research and planning: Identifying user needs, designing an appropriate 
strategy, and planning the development phase. 

b) User Design (UI/UX): Creating an engaging and functional user experience 
through mobile-friendly design. 

c) UI – User interface is the visual aspect and user interface of an application, 
website, or digital product. 

d) UX – User experience is the user's total experience with a product or service, 
including all their feelings, thoughts and perceptions. 
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Figure 6. GUI (Graphical User Interface) 

e) Application Development: Creating code and implementing various 
functionalities, including connecting to databases and using map APIs. 

2.2.7. Technologies and programming languages 

a) HTML5, CSS, and JavaScript: Web page basics and the use of modern 
technologies for displaying and styling information. 

b) JavaScript frameworks (eg, React Native, Angular, Vue): Using frameworks to 
facilitate the development and sustainability of mobile applications. 

c) Programming languages (eg, Java, Kotlin for Android; Swift, Objective-C for 
iOS): Using specialized languages to develop applications for specific 
platforms. 

d) GIS Libraries (eg, Leaflet, Mapbox SDK): Integration of specialized libraries 
for manipulating and presenting geographic information. 

 
Figure 7. HTML5, CSS3 and JavaScript 

2.2.8. Testing and improvement 

a) Performance testing: Ensuring that the application works with high performance 
across different mobile devices. 

b) Security Testing: Verifying the security and privacy of user data. 
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c) Feedback and improvements: Accepting feedback from users and implementing 
improvements to improve the user experience. 

2.2.9. Launch and ongoing support 

a) Launch: Implementation of the application in the application stores (App Store, 
Google Play). 

b) Ongoing Support: Providing ongoing support to users, including possible 
changes and improvements. 

 
Figure 8. Launch and ongoing support 

2.3.Most important technologies 

2.3.1. HTML5, CSS, and JavaScript 

a) HTML5: The latest Hypertext Markup Language (HTML) standard for web 
page structure and its adaptability to mobile devices. 

b) CSS (Cascading Style Sheets): Used to style and adapt the appearance of the 
website across mobile devices. 

c) JavaScript: The programming language used to make web pages interactive and 
to connect applications to the user. 

2.3.2. JavaScript Framework 

React Native, Angular, Vue: Specialized frameworks for developing mobile 
applications via JavaScript. Their use facilitates adaptation and speed of development. 
2.3.3. Programming Languages 

Java, Kotlin for Android; Swift, Objective-C for iOS: Specialized languages for 
developing applications for certain platforms (Android and iOS). 
2.3.4. GIS Libraries 

a) Leaflet: Open and easy-to-use library for displaying interactive maps on web 
pages. 
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b) Mapbox SDK: Powerful and lightweight app development platform with rich 
visuals and advanced map functionality. 

2.3.5. Using the Maps APIs 

Google Maps API, Mapbox API: Using these APIs allows the integration of rich maps 
and their functionalities in mobile applications. 
2.3.6. Fingers and User Gestures 

Touch Events: Using touch events to make interactivity and map exploration easier on 
mobile devices. 
The combination of these technologies provides a strong foundation for the development of 
Web GIS Mobile applications, ensuring an attractive and functional user experience. 
 
2.4.Responsiveness and mobile appropriate design 

2.4.1. The importance of appropriate design 

a) Mobile-friendly design is critical to ensuring an engaging and functional user 
experience. 

b) Mobile devices have small screens, and a suitable design ensures that 
information is clear and easy to understand. 

2.4.2 Key elements of mobile design 

a) Clear menus and buttons: Use icons and short text to make menus and buttons 
clear and easy to touch. 

b) Appropriate fonts: Choosing fonts suitable for the small screen. 
c) Appropriate Images: Use images optimized for loading speed and to ensure high 

quality. 
2.4.3. Site structure and navigation 

a) Information Hierarchy: Placing information in a logical hierarchy to facilitate 
navigation. 

b) Simple navigation: Using simple and intuitive navigation to facilitate users in 
finding information. 

2.4.2. Illustrations and examples 

a) Map design using clear colors: Use of contrasting and clean colors to make 
geographic information clear. 

b) Use of intuitive icons: Choosing clear and intuitive icons to convey functions 
and actions. 

c) Illustration of page with convenient search: Examples of a page with an easy to 
find and use search box. 

2.4.4. Orientation adaptation (Landscape/Portrait) 

Adapting the design for device orientation and portrait: Ensuring that the app works 
well in both orientations, using the screen real estate effectively. 
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Figure 9. Adaptation and orientation 

Appropriate and careful design for mobile devices increases usability and positively affects 
the perception of the application by users. 

 
2.5.Security and privacy 

2.5.1 Security and Privacy Measures in Web GIS Mobile Applications 

a) Security certificates (SSL/TLS): 
Use of SSL/TLS certificates to ensure secure connections between the application and 

the server. 
Improves integrity and confidentiality of transmitted data. 
 

b) Encryption methods: 
Using encryption protocols to protect user data from unauthorized users. 
End-to-end encryption ensures that data is secure from start to finish of transmission. 
 

c) Privacy policies: 
Defining and clearly announcing privacy policies to inform users of how their data will 
be handled and stored. 
Allowing users to choose what information they want to share and what not. 

d) Authentication and authorization 
Use of secure methods for user authentication and their respective authorization. 
Allows access and manipulation of information only for authorized users. 
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Figure 10. Security certificates 

e) Management of vulnerabilities (risks) 
Security Monitoring: Using tools and technologies to monitor activity and identify 

unauthorized attempts. 
Using the latest software versions: Ensuring that all software components are up-to-date 

and protected against known vulnerabilities. 
 

f) User education 
Providing limited access to users: Making security configurations easier to use for 

ordinary users. 
Advice and education: Providing advice and information to users about safe behaviors 

and using the app with care. 
 
Security and privacy are critical elements of the design and development of Mobile GIS 

Web Applications to ensure a reliable user experience. 
 

2.6.Implementation and Testing 

2.6.1. Implementation 

a) Application Coding: Developing code based on previously defined 
specifications and design. 

b) Component integration: Linking all application components to ensure proper 
functionality and correctness. 

2.6.2. Testing 

a) Unit Testing (Unit Testing): Verifying the correctness of individual code 
functionalities. 

b) Integration Testing: Ensuring that all parts of the application work together 
smoothly. 

c) Performance testing: Using testing tools to evaluate the speed and efficiency of 
the application under different conditions. 

d) Security testing: Identifying and correcting any potential security issues using 
various testing techniques. 
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2.6.3. Testing Tools 

a) Jest & Mocha: For automated code testing through units. 
b) Selenium: For automated testing of various usability and functionality on web 

pages. 
c) JMeter: For performance evaluation, simulating high user loads. 
d) OWASP Zap: For security testing and identifying potential security 

vulnerabilities. 
2.6.4. Optimization and debugging 

a) Performance Optimization: Using techniques to improve application loading 
speed and responsiveness. 

b) Fixing Identified Issues: Addressing any issues discovered during the testing 
phase. 

2.6.5. Release and ongoing monitoring 

a) App Release: Publishing the finished version to app stores. 
b) Usage and performance monitoring: Using monitoring tools to evaluate usage 

and identify any emerging issues. 
The implementation and testing phase are critical for ensuring a Web GIS Mobile 

application of stability, performance and security. 
 

2.7.Use and continuous improvement 

2.7.1. Strategies of continuous use 

a) User Feedback: Encouraging users to share comments and feedback about their 
experience. 

b) Usage Monitoring: Using tools to analyze how users authenticate and use the 
Application. 

c) Surveys and Analytics: Creating surveys and analytics to get user perspective 
on performance and functionality. 

2.7.2. Continuous improvement 

a) Using feedback: Analyzing feedback to identify issues and needs for 
improvement. 

b) Regular Updates: Releasing regular updates to add new functionality and fix any 
emergent issues. 

c) Innovation and new development: Creating innovations and adding new 
functionalities to keep the app fresh and competitive in the market. 

2.7.3. Communication with users 

a) Notifications and communication of updates: Informing users about changes and 
improvements through notifications and informational materials. 

b) Social Media Platforms: Using social media platforms to connect the 
community and get faster feedback. 
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2.7.4. Usage analysis tools 

a) Google Analytics, Mixpanel: Using these tools to measure app usage, 
interaction and performance. 

b) A/B Testing: Conducting different tests to evaluate which changes are most 
effective and preferred by users. 

2.7.5. Community and user growth 

a) Forums and Discussions: Creating forums and other discussion spaces to 
facilitate interaction between users. 

b) Rewards programs and games: Encouraging users for continued use through 
rewards and game activities. 

Continuous use and improvement through close communication with users and the use 
of analysis tools help keep a Web GIS Mobile application relevant and advanced. 
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The Restoration and Preservation of Albania's Mati Bridge 
Ibiana Muça, Mateo Qyra, Fjona Ferati, Marin Malotaj 

Faculty of Civil Engineering, Polytechnic University of Tirana, Tirana, Albania  

The Mati Bridge, also known as the Zogu Bridge, is one of the first works in Europe to have 
applied precast concrete technology. Built in May 1927, this engineering marvel features six 
arches and is the only bridge of its kind in Albania and one of the most important Albanian 
engineers Gjovalin Gjadri following the design of Prof. Emil Mörsch, and together with Eng. 
Erwin Schnitter, applied innovative techniques as the pre-method of prestressed concrete. 
With a span of 54 meters, the bridge employs a unique arch supporting structure with two 
hinges, while the tie-beam acts as a horizontal spin absorber. Today, faced with decay due to 
corrosion and theft, restoring the Mati Bridge presents both technical and economic 
challenges. However, preserving this historic landmark not only safeguards its architectural 
significance but also honors the ingenuity of past generations and ensures a legacy for future 
ones. In January 2021, leg number 5 of the bridge experienced a sudden decrease in height, 
causing damage to adjacent arch spans and raising concerns about the stability of leg number 
6. Despite this, the bridge maintained its structural integrity but displayed noticeable 
movement. Until July of the same year, the bridge continued to exhibit movement until leg 
number 5 stabilized without external intervention, despite a total subsidence of 201 cm over 
six months. However, in December 2022, the subsidence of leg number 5 doubled, reaching 
a settlement of 384 cm, resulting in substantial damage to the superstructure.   Despite 
growing concerns, the bridge, this special monument of our cultural heritage, faces every day 
the high risk of collapse, but what are the measures expected to be taken for its restoration 
and preservation? 

Keywords: Mati Bridge, Prestressed Concrete, Structural Integrity, Restoration, Risk 
of Collapse. 
1. INTRODUCTION  

Prior to the construction of the Zog Bridge spanning the Mat River and alongside the 
road leading to Mirdita, two previous bridges stood but were obliterated during the tumult of 
the First World War, between 1916 and 1918. The imperative need for a fresh, resilient bridge 
became paramount to facilitate connectivity between the southern and northern regions of the 
country. The bridge stands out for its remarkable structure, boasting distinctive arches that 
lend it significant museum-worthy appeal and in the nation's collective memory, symbolizing 
a period when Albania looked westward, seeking refuge and inspiration, however, now is 
considered a monumental heritage [1]. Designed by the well-known Italian studio Mazorana 
& Co. Triest and an Italian-German construction firm entrusted to undertake this significant 
project. Additionally, Swiss engineer Erwin Schnitter and with German engineer Emil Morsch 
played a pivotal role in the implementation phase. With much of the material supplied by 
Italians, the bridge's execution was carried out by Albanian engineer Gjovalin Gjadri, 
renowned for designing the Milot-Burrel highway and over 75 other notable projects to his 
name, including iconic structures like the Lana Bridge and the Rubik Power Plant, his 
portfolio reflects his creativity and engineering prowess.  

Construction commenced at the end of May 1926 and culminated with the inauguration 
on May 25, 1927. By late January 1927, the concreting of arches and corresponding floors 
had been completed. Both Gjovalin Gjadri and Erwin Schnitter corroborated that volumetric 
work spanning nine months, from May 1926 to January 1927, was successfully accomplished, 
completing the construction within just one year. This notably brief timeframe is particularly 
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impressive given the significant engineering challenges faced during the project's 
implementation, as well as Albania's limited technical resources in the mid-1920s.To honor 
the king and his interest, this bridge was named after him, the Bridge of King Zog. The 
construction of the arch bridge of Milot, over the Mat River, stands out as one of the most 
graceful and accomplished engineering endeavors ever undertaken in our nation. 

 

Figure 1 Bridge “Zogu” on the river Mat, 1927- Kel Marubi 

 What sets this bridge apart is not only its striking design but also the distinguished reputation 
of its structural designer, a prominent figure in the global arena of reinforced concrete 
constructions. This picturesque bridge with its graceful arches stands as one of the pioneering 
reinforced concrete structures in both Europe. It is remarkable that, even with the limited 
methods at hand at the time, it took an innovative approach to preventing the cracking of its 
hinges and tie beams by partially utilizing the prestressing technique.  

This unique feature has not only earned the Mat Bridge recognition in Albanian 
technical literature but also in publications from other countries. Presently, the bridge spans 
five arches, each spanning 54 meters. However, historical records indicate that prior to the 
end of the Second World War (1944), it featured six arches. Sadly, one arch was destroyed 
during the war and subsequently replaced with a beam structure following its conclusion and 
five arches remained. It was thanks to an Italian engineer's merit that, fortunately, he managed 
to save it. 

Now, nearing a century since its construction, one section of the bridge has collapsed, 
demanding urgent intervention to stabilize and preserve its structure. Thanks to the efforts of 
impassioned youth activists, this endangered cultural monument gained recognition from the 
"Europa Nostra" organization, listed among the seven most threatened monuments of 2022. 

2. MATERIALS AND METHODS 
2.1.Construction Plan 

Developed a comprehensive restoration plan based on the findings of structural 
assessment and historical research, outlining specific interventions required to address 
structural deficiencies, stabilize the bridge, and preserve its historical integrity, The National 
Council of Material Cultural Heritage approved the emergency intervention project at Mat 
Bridge. This project, titled "Technical Implementation Project for Emergency Intervention in 
the Cultural Monument, Mat Bridge" [2] is the collaborative effort of esteemed professors 
and experts from the Faculty of Civil Engineering at the Polytechnic University and the 
National Institute of Cultural Heritage, these experts have worked diligently to design the 
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project within a short timeframe. In addition, the recent approval of the monitoring equipment 
installation project will provide crucial technical and scientific data necessary for the 
implementation project's design.  

 
2.2.Documentaries 

There are incorporated various documentaries [3], TV shows, and news reports as key 
materials. These sources provided diverse perspectives and in-depth insights into the bridge's 
construction, historical significance, and its impact on the local community and infrastructure 
development. Integrating multimedia sources enriched our analysis and offered a 
comprehensive understanding of the subject matter and provided valuable visual and narrative 
insights into its historical significance, architectural features, and restoration journey. 

 
2.3. On-Site Visit 

In the course of research, we recognized the significance of first-hand observation in 
understanding the deteriorating conditions of bridges. As a group of students committed to 
thorough investigation, we organized an on-site visit to observe these conditions directly. By 
visiting the bridge, we aimed to leverage our collective insights and experiences to enrich our 
research findings. This facilitated a deeper understanding of the challenges faced by the 
infrastructure in question, enabling close examination of its architectural details, structural 
elements, and damaged areas. Interacting with local residents during on visit, offered a 
valuable perspective on the bridge's historical and cultural importance, as well as the social 
and economic context of the surrounding area. Conversations with locals provide insights into 
traditional construction techniques, folklore, and community memories associated with the 
bridge. Such interactions enrich researchers' understanding of the bridge's heritage value and 
contribute to a more holistic approach to restoration. 
 

3. RESULTS AND DISCUSSION 

The bridge was built with a hinge-supported arch structure. It featured a spandrel as a 
horizontal thrust member, and the arch spans measured 54 meters. Apart from the nine arch 
spaces, there were also 17.4-meter-wide openings without arches, creating a continuous 
girder-like structure rather than a Gerber girder, aiming to economize on steel usage. 

In total, it consisted of 15 piles with an overall length of 480.5 meters, of which 324 
meters were with arches. Currently, it spans approximately 270 meters with arches, as a 
section of the arch has been damaged. 

 
The concrete used in the bridge was composed of inert materials sourced from the Mat 

River, comprising calcium carbonate from the Mat River and silicates from the Fan River. 
This combination provided excellent properties, making it an ideal filler material  for concrete. 
Cement and steel were imported from Italy. The unique application of tie rods initially 
involved the casting of concrete as a primary phase, followed by their load application with a 
rear strain, resulting in the tensioning of the tie rods. Subsequently, their concrete casting was 
carried out in a prestressed state, essentially constituting a form of pre-tensioning of the tie 
rods. The infrastructure was frail, with limited means for concrete production and modest 
transportation compared to contemporary standards. Despite the river Mat's minor 
sedimentation during rainfall, it carried substantial sediment deposits, leading to area 
inundation and project damage. Undertaking such an ambitious project, constructing 
sustaining piers reaching a height of 21 meters to support the girders to be cast in concrete, 
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posed a significant engineering feat, both for the state of that time and for the present. Building 
such a bridge was truly a challenge for the state at that time, and even for the present -day 
state, it remains an entrepreneurial endeavor of such magnitude. 

The bridge is not merely utilitarian structure that span the river, valleys, and ravines. 
The Mat Bridge, a testament to engineering prowess and a symbol of societal progress, held 
profound significance across social, cultural, and economic realms, extending well beyond its 
sturdy steel and concrete structure.  

Culturally, is a masterpiece of early 20th-century engineering in the Balkans. It's 
celebrated for being one of the first to utilize prestressed concrete technology and its striking 
steel architectural design. This innovative approach influenced metal construction across 
Southern Europe.  

Socially, the bridge was essential in bringing communities together. It functioned as an 
essential conduit, promoting communication and cooperation amongst individuals with 
various backgrounds. Beyond its practical use, it developed into a symbol of solidarity that 
enriched the social fabric and bolstered ties between the areas it connected.  

In terms of the economy, Zogu's Bridge sparked growth and trade. It increased trade, 
the movement of products, and economic activity by offering a dependable transit link 
between locations. Its advantageous position combined with a strong infrastructure made it a 
center of economic activity that attracted investment and promoted growth both locally and 
globally. So, in addition to being a feat of engineering, Zogu's Bridge serves as an important 
foundation of economic, social, and cultural progress. 

 

Figure 2. Bridge “Zogu” on the river Mat, 1927- Kel Marubi 

Over the years, the bridge, has undergone various maintenance interventions to ensure 
its continued functionality and safety, with many proving successful in preserving its 
structural integrity. In 1938, a significant overhaul took place, involving the replacement of 
all movable hinges, a crucial step in maintaining the bridge's operability. Transitioning from 
reinforced concrete to reinforced concrete clad with steel sheets, a transformation that endures 
to this day, further fortified its resilience against wear and tear. Throughout its history, several 
reinforcement approaches have been proposed and implemented, demonstrating a 
commitment to adapting to evolving engineering standards and challenges [4]. These included 
reinforcing the "Herbert" superstructure, substituting it with a "Bailey" superstructure, and 
adding two new intermediate legs to reduce the clear space from 26m to 13m. Eng. Gjovalin 
Gjadri played a pivotal role in implementing these enhancements, ensuring the bridge's 
adaptability to modern demands. In the early 2000s, a new wave of maintenance interventions 
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rejuvenated the bridge, focusing on cleaning and plastering its main elements. These efforts 
not only revitalized the aesthetic appeal of the structure but also contributed to its longevity 
and functionality. Through meticulous care and strategic interventions, Zogu's Bridge has 
withstood the test of time, remaining a vital link for communities and a testament to enduring 
engineering excellence. 

 

 

Figure 3. Diagram - Bridge maintenance interventions over the years until the beginning of the 
2000s 

Continuing from the events documented, the unfolding saga of the Zogu Bridge reveals 
a narrative that intertwines infrastructure, governance, and public awareness. On January 11, 
2021, a significant event unfolded on leg no. 5 of the south-north direction of the bridge, 
resulting in a substantial decrease of approximately 170 cm. This incident immediately 
inflicted damage on the adjacent arch spans, prompting concerns about the stability of leg no. 
6 as well. Despite the damage, the bridge managed to endure, albeit with noticeable 
movement. Engineering assessments accurately forecasted subsequent developments. The 
bridge continued to shift until July of the same year when, remarkably, leg no. 5 stabilized on 
its own, despite subsiding by a total of 201 cm over the six-month period. Fortunately, the 
superstructure remained intact, adhering to the established plan. 

This precarious state persisted until December 14-15, 2022, spanning a total of 702 
days. Throughout this period, the Ministry of Culture remained uninvolved, despite mounting 
reactions, even within engineering circles. However, on December 14-15, the subsidence on 
leg no. 5 doubled, reaching 384 cm. This dramatic increase not only confirmed earlier 

Maintenance 
Interventions Over 

the Years

Reinforcement 
of the structure

Customizing the 
last space for 
heavier loads

Observing

deforMatons 
and 

disconnection of 
tie rod and vars

Reconcreting of 
the main braces

Reconstruction 
of joints the 

floor



 

630 |   2nd International Student Conference of Civil Engineering, 25-27 April 2024, Faculty of Civil Engineering, UP, Prishtina, Kosovo 
 

warnings but also led to a deviation from the original plan, resulting in significant damage to 
the superstructure. [5] 

Figure 4. The Bridge 2024- M.Qyra 

Apart from the 4-meter subsidence, the pier exhibits two distinct modes of behavior: one more 
pronounced along the axis of the bridge and the other softer transversely. The vertical load 
exerted, exceeding 600 tons, coupled with the condition of the steel pile cap, has resulted in 
the deterioration of the stability of the supporting pier. The settlement of the pier has also 
caused critical conditions in two other adjacent supports. The critical condition is evident in 
the northern neighboring pier, where the support has been damaged, leading to a fragile 
equilibrium state. 

Furthermore, the settlement has induced differential settlements in the abutments, 
consequently resulting in a critical condition in the tie elements connecting the abutments. 
Due to the lowering of the topographic elevation of the riverbed, the approach embankment 
for water conveyance has subsided approximately 30 meters beyond the bridge, affecting the 
upstream flow of the river. 

Preserving a bridge involves a combination of proactive maintenance, regular inspections, 
and strategic interventions to ensure its longevity and structural integrity. The Mat Bridge's 
single span comprises several structural elements: (1) arch, (2) brace beam, (3) tie beam, (4) 
hangers, (5) pier, (6) pile cap, and (7) pile group. It features a thrustless arch with a tie beam, 
supported by four bearings. While the bridge system can be analyzed statically due to external 
determinacy, any settlement of bearings, whether differential or not, can induce additional 
forces and stresses in the superstructure due to its inherent static indeterminacy. 
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Figure 5. Schematics of Mati Bridge (By: Erion Periku) 

3. CONCLUSION 

In conclusion, the restoration and preservation of Albania's Mat Bridge present a 
formidable challenge yet a crucial opportunity to safeguard a landmark of historical, cultural, 
and engineering significance. As a principal infrastructural work in Albania, its unparalleled 
quality, unmatched even after a century, underscores the urgency of addressing its current 
state of disrepair. However, the continued neglect of this iconic structure jeopardizes its 
integrity and risks the loss of an invaluable piece of Albania's national heritage. It is 
imperative that action be taken swiftly to initiate comprehensive restoration efforts, 
incorporating modern engineering techniques while preserving the bridge's architectural 
integrity. Furthermore, raising public awareness about the significance of the Mati Bridge is 
essential in garnering support for its restoration and ensuring its long-term preservation. By 
engaging the public in discussions about the bridge's historical importance and cultural value, 
we can foster a sense of ownership and responsibility towards its upkeep. In essence, the 
restoration and preservation of the Mati Bridge are not merely technical endeavors but 
represent a collective commitment to honoring Albania's past and shaping its future. It is our 
duty to act decisively and ensure that this iconic structure continues to stand as a symbol of 
resilience and cultural pride for generations to come. 
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Gjirokastra: A Heritage Preservation Perspective. 
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The historic town of Gjirokastra in southern Albania is a rare example of a well -preserved 
Ottoman town, built by farmers of large estates. Gjirokastra was declared “Museum City” in 
1961. It is noted that this concept could best be translated as “urban 176 conservation area”. 
This presentation aims to bring into light aspects of architecture and engineering that have 
impacted adding this city to the UNESCO World Heritage Site list in 2005. Gjirokastra’s 
buildings occupy a special place in the housing typology of Albanian popular dwellings in the 
feudal period. The heritage of the city is at risk for a wide variety of reasons and strategies 
must be designed to safeguard the role of its historic areas in the ongoing economic activity 
of the town whilst ensuring this does not dilute the worth of the underlying heritage asset. 
This necessitates the identification, protection, conservation, and restoration of buildings that 
are considered part of the museum system of Gjirokastra. The purpose of this part of the article 
is to identify the existing depreciated situation, the problems, and unauthorized interventions, 
and to present the best possible solution for improving conditions and infrastructure. These 
changes are expected to significantly improve the conditions in which the facilities are and 
positively impact the increase in visitor numbers. In conclusion, we think that creating all the 
institutions and associated mechanisms needed to support the renewal of this city is a massive 
task. Schemes need to be undertaken that support the process of renewal and establish good 
practice. Gjirokastra is one of the most important assets of our Albania and we must treat it 
as such. 

Keywords: UNESCO, aspects of architecture and engineering, conservation area, 
protection, restoration.  
 
1. INTRODUCTION 
The city of Gjirokastër is located in southern Albania, situated in a valley between the Mali i 
Gjerë mountain and Drino river, at 300 metres above sea level. Known also as the Stone City, 
in 2005, Gjirokastër was announced a UNESCO (The United Nations Educational, Scientific 
and Cultural Organization) protected site defined as “a unique example of a well -preserved 
Ottoman town with a building stock mostly dating from the 17th and 18th centuries. 
Gjirokastra was built by major landowners. Around the ancient 13th century citadel, the town 
has houses with turrets (the Turkish kule ) which are characteristic of the Balkans region. 
Gjirokastra contains several remarkable examples of houses of this type, which date from the 
17th century, but also more elaborate examples dating from the early 19th century. 
 
1.1 Typical Othoman style of building.  
The interest in the protection of Gjirokastra’s heritage arose 
in 1961 when it was proclaimed a “museum city”. On that 
occasion 616 out of 1220 traditional buildings were declared 
protected monuments (Torresi, 2001; Riza, 2015). 
Nowadays, in Gjirokastër there are 590 monuments, which 
can be grouped into two main categories according to their 
importance. In the 1st category, there are about 56 
monuments while at the 2nd category 540. Overall, near the 
city around 1200 stone buildings are found. 
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The Ottoman detached tower-houses, (in Turkish and Albanian kullë), which served a dual, 
living and defensive purpose, mark the urban vernacular landscape. They are the evidence of 
Gjirokastra’s wealth and regional status in the time of Ottoman Empire, when generations of 

skilled craftsmen arrived at this town from neighbouring 
areas to carry out their construction. Local stone is the 
main building material of the town: the walls, the roofs, 
the paving of the streets and the courtyards are made of 
blocks or slabs of local limestone and slate. Wood also 
plays an important role: the masonry reinforcement 
elements, the structures of the floors and the roofs and the 
uppermost walls are made of timber. The uppermost 
floors, with a timber structure (called çatma), a wooden 
lath and plaster, a row of windows and terraces are typical 

of Ottoman residential houses. 
Stone has not only been used for the construction of some of the most important monuments 
and structures but, at the same time, all the old streets are made of stone because of its strength, 
hardness, abrasion resistance, and durability. In general, in the whole range of constructions, 
there have been involved native highly skilled stonemasons, with the intent of preserving the 
characteristic architecture and building technology of the old town. Moreover, being so 
abundant in this region, stone has always been an affordable and cost-effective building 
material. 
 
1.1.1 The çatma technique 
Çatma Walls, or "Overhanging Walls," are a distinctive feature 
of the architecture in Gjirokastra.Çatma is the building technique 
used for the walls of the upper floors, characterised by wide 
windows and reduced thickness. The çatma technique consists 
of a structure of vertical posts and horizontal battens, on which 
wooden boards are nailed. The filling of this frame is made of 
waste material and stones. 
The purpose of çatma walls was both functional and aesthetic. 
 Functionally, they provided stability to the structure by 
distributing the weight of the upper floors evenly and also served to deflect rainwater away 
from the building. 
 Aesthetically, they contributed to the unique appearance of Gjirokastra's skyline, adding to 
its architectural charm. 
They reflect the region's traditional building techniques and have become an integral part of 
its cultural heritage.Today, these çatma walls continue to be a defining characteristic of 
Gjirokastra's architectural landscape, attracting tourists and researchers interested in Albania's 
cultural and historical heritage. 
 
2. CIVIL ENGINEERING CHALLENGES IN HERITAGE PRESERVATION 
The morphology of the slopes of the Drino valley where the traditional ancient stone houses 
with grey slate roofs were built, the climate and the socio-economic conditions of their 
inhabitants influenced the morphology of the buildings. The choice of the place of foundation 
on rocky, steep and uneven mountain slopes overlooking the Drino valley, met a defensive 
need but created a number of severe limitations to the builders. 
2.1 Structural challenges 
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1. Structural Degradation: Many of Gjirokastra's historic buildings suffer from structural 
degradation due to age, weathering, and lack of maintenance. Civil engineers must 
assess and address these issues to prevent collapse and ensure longevity. 

2. Foundation Stability: The rocky terrain upon 
which Gjirokastra is built presents challenges 
for ensuring the stability of building 
foundations. Engineers must employ 
innovative techniques to stabilise foundations 
while preserving the integrity of historical 
structures. 

3. Seismic Vulnerability: Albania is prone to 
seismic activity, posing a significant risk to 
Gjirokastra's historic buildings. Civil engineers 
must retrofit structures to withstand 
earthquakes without compromising their architectural authenticity. 

4. Water Damage: Moisture infiltration and water damage threaten the structural 
integrity of Gjirokastra's buildings, particularly those constructed with traditional 
materials such as stone and mudbrick. Engineering solutions involving waterproofing 
and drainage are essential for preservation efforts. 

2.1.1 Some solution methods 
1. Structural Reinforcement: Civil engineers utilise techniques such as reinforcing 

existing masonry with steel, carbon fibre, or other materials to strengthen historic 
buildings while maintaining their original appearance. 

2. Foundation Underpinning: Underpinning techniques, including micropiles and 
grouting, are employed to stabilise foundations and mitigate settlement issues without 
disturbing the historic fabric of Gjirokastra's structures. 

3. Seismic Retrofitting: Engineers implement retrofitting measures such as installing 
steel bracing, base isolators, and dampers to enhance the seismic resilience of historic 
buildings without compromising their architectural significance. 

4. Waterproofing and Drainage Systems: Innovative waterproofing membranes and 
drainage systems are installed to protect Gjirokastra's buildings from water infiltration 
and mitigate the risk of moisture-related damage. 

Preserving the cultural heritage of Gjirokastra requires a delicate balance between 
conservation and engineering innovation. Civil engineers play a crucial role in addressing the 
unique challenges associated with heritage preservation, ensuring that future generations can 
continue to appreciate the architectural wonders of this historic city. 

3. ENGINEERING AND ARCHITECTURAL CASES THAT REPRESENTS 
GJIROKASTRA HERITAGE 
 3.1 Tower houses (kullat) 
A fortified house or tower-house is a type of building 
which developed in Europe during the Middle Ages, 
generally with significant fortifications added. 
Likewise, the urban vernacular landscape of 
Gjirokastra is marked by these Ottoman detached 
tower-houses (kullë). The building served a living and 
defensive purposes, being at the same time a symbol of 
power and wealth. The interiors reflect the hospitable character of Gjirokastra people, as well 
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as their propensity to display their status through opulent furnishings. The basic unit of the 
house is the residential room (oda), which maintains the same dimensions but presents 
different decorative elements in accordance with the people, family members or guests who 
used it. 
 3.1.1. Architectural aspects and construction methodology 
Fortified dwelling in Gjirokastra, is mainly built on a 
sloping terrain. This dwelling almost always has its own 
yard. The size of land that forms the courtyard is different 
for different types of buildings. The housing relationship 
with courtyard and street configuration is generally 
conditioned by the configuration of the lot. 
Three variations of the kullë can be identified considering 
the planimetric and volume composition as the basic 
criterion for its classification: the perpendicular type, the 
one-wing type, and the two-wing type. The perpendicular 
variation, dating back to the late eighteenth 
century, is the simplest one: it consists of a 
prismatic block with a rectangular base, 
with two or three storeys, linked by outer 
stairs. The one-wing variation, consisting of 
two blocks perpendicular to each other, is 
the most common kind of the Gjirokastra 
house. The two-wing variation, dating from 
the nineteenth century, has two 
parallelepiped blocks connected together by a central distribution volume. 
 
 

 
The functional organization follows a vertical hierarchy. The 
ground floor, always built in stone, housed the service 
spaces: livestock (katoi), a space to store food reserves 
(qilari), big water cisterns to collect rainwater from the roof 
for the dry months of summer (stera), sometimes a mill and 
cereals (kube). The upper floors, more protected and safe, 
accommodated the living areas: the living room, called 'fire 
room' (oda e zjarrit), and the 'guest room', named 'good room' 

(oda e miqve or oda e mirë). The main rooms (oda) have low couches (sofa) and small ornate 
niches around three sides. Generally, the guest room is richly decorated, with floral paintings 
on the walls, ceilings, and on the fireplace, wardrobes with mouldings and notches. 
The two residential floors usually have different uses depending on the seasons. The second 
floor, with small windows and thick stone walls, was used in winter (it is called dimerore, 
which means the wintry floor). The third and last floor (generally higher than the first), was 
used in summer (it is called beharore, which means Summer floor). It presents larger windows 
on the façades and thin walls with timber structure. 
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3.1.2 Preservation perspective   
The logical connection between the historical values of the buildings should be present in the 
modern design process, as part of the historic core of the city of Gjirokastra. The modern 
design process should be inspired by the historical values, the use of the traditional materials, 
the construction techniques, the operation mode and 
people's lifestyle. The next generation of architects 
and engineers should be aware of the historical 
architectural values, should be well informed and 
respect the history of their own country. The 
historical dwellings are part of the living memory of 
a place at a given time frame and they should never 
be neglected. 
3.2 Restoration proposal 
A jewel of cultural heritage nestled in the heart of 
Gjirokaster, Albania - The Ethnographic Museum. This museum stands as a testament to the 
rich history and vibrant traditions of the region, encapsulating the essence of Gjirokaster's 
cultural identity. 
From traditional clothing and household items to artisanal tools and musical instruments, 
every artifact tells a story of resilience, creativity, and community spirit.  
However, despite its invaluable cultural significance, the Ethnographic Museum is in dire 
need of restoration. Years of neglect, environmental factors, and insufficient maintenance 
have taken their toll on this historic landmark. Cracks mar its walls, roofs leak, and delicate 
exhibits suffer from deterioration. 
The building is declared as a first category monument and as such the intervention will totally 
respect the elements and try to preserve in maximum the values the building is caring for.  

-   Every authentic element will be preserved and only if it is considered very 
necessary will be replaced by new elements using the same material and 
techniques. 

-  The museological proposal also will respect the structure and elements of the 
building. 

-   All the elements will be cleaned and their condition will be checked carefully. 
-   Only the elements that are completely damaged will be replaced with new 

ones using the same type of material and dimensions. 
The material used for the restoration of the elements needs to be of the same specifications of 
the existing ones: type, density, humidity, strength need to be analysed and the data will be 
used for the new elements. 

 More in particular: 
1. Drainage in the back part of the building was to avoid the humidity in the ground floor 

and first floor on the south west walls. 
2. Restoration works in the roof 

-All the stone slates must be removed to allow for the hydro isolation membrane to be 
installed. 
-Where there are structural problems: rotten, damaged, missing or wrongly positioned 
elements the roof needs to be dismantled carefully and elements need to be restored 
and correctly positioned.  
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 ‐ New elements, like beams, rafters and props will be installed where needed.  Beams 
will be installed in parallel to the damaged or missing ones. 
‐ Joints of different elements need to be checked and elements reconnected properly. 

3. Restoration of the damaged stone walls.  
 Repointing the loose joints. The joints will be checked in the lower part of the walls 
where humidity has affected and in the North West and south west facades. Test pits 
for the composition of the joints plaster will be done initially.  The new plaster will 
have the same composition as the existing one verified from the tests. Internal stone 
walls, where the hanging exhibition boxes are positioned, will have minimal 
interventions. At the upper level of the exhibition boxes there will be installed metallic 
elements in the joints of the stone walls for hanging. Small openings of plaster on the 
stone walls to see where the joints are will be done, so that anchors can be installed. 
The mortar will be then restored with a new one having the same composition as the 
existing one.   The joints will be first cleaned thoroughly with pressured water and 
after refilled with the new mortar. Additional non correct repointing with cement 
mortar will be mechanically removed carefully not to damage the stones, the joints 
cleaned and restored in the same process as mentioned above. 

4.  Test‐pits to check the wooden wall structures of the building for their condition. 
Restoration of “çatma” walls if necessary. 

5.  Restoration of the windows/doors/wooden floors/ceilings/staircases of the building.  
Every element will be checked carefully and only the damaged ones will be replaced 
with new ones.Test pits should be done to evaluate the condition of the main 
structure.The stability of their structure should be secured. 

6.  Cleaning the walls from the vegetation 
7. Graffiti cleaning walls 
8.  Treatment of ceilings, windows, doors and all other wooden elements with linseed oil 

 4. FUTURE DIRECTION IN HERITAGE ENGINEERING 
The utilization of advanced restoration techniques can stimulate economic growth by 
attracting tourism, fostering local pride, and revitalizing historic neighborhoods, thus creating 
a ripple effect of positive social and economic benefits for surrounding communities. 
Investing money into the newest technology to repair old buildings is more than just spending; 
it's a wise investment in our history. These ancient structures are a physical connection to our 
shared history, giving us a glimpse into the architecture, social life, and culture from the past. 
With the latest tech, we can help these precious landmarks last longer and protect them from 
wear and tear, natural disasters, and harm from the environment. 

 
These innovations aim to ensure longevity, structural integrity, and aesthetic fidelity. Here's 
a look at some of the advanced materials and techniques used in restoration:  
4.1. Advanced Materials that can be used in restoration 

 - Self-Healing Concrete: This concrete contains bacteria 
that produce limestone when exposed to water and air. 
It's used to fill cracks and improve the durability of 
structures. 

 - Fiber-Reinforced Polymers (FRP): These materials are 
used to strengthen structural elements without 
significantly increasing their weight or altering their appearance. 
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 -Nanomaterials: Nanotechnology offers solutions for enhancing 
the mechanical properties of materials, providing self-cleaning 
surfaces (through photocatalytic coatings), and improving 
thermal and moisture insulation. 

 -Shape Memory Alloys (SMAs): SMAs can return to their 
original shapes after being deformed, making them useful for 
reinforcing structures against seismic activity. 

 -Geopolymer Concrete: This is a more sustainable alternative to 
traditional concrete, with better resistance to chemicals and fire. 
It's used for repairs and in areas requiring enhanced durability. 

 -Bioactive Glass for Conservation: In the conservation of stone 
and murals, bioactive glass can be used for its properties of 
chemically bonding with the existing material, facilitating better preservation. 

4.2. Advanced Techniques suggested in restoration 
-Digital Twins: Creating a digital twin (a virtual model) of a 
structure allows engineers to simulate effects of different 
restoration methods and environmental conditions on the 
building. 
-Structural Health Monitoring  
(SHM): SHM systems use sensors to continuously monitor the 
condition of a structure, detecting issues like cracks or deformations early on. 
-Laser Cleaning: Laser techniques are used for cleaning surfaces, removing 
contaminants, and uncovering original details without physical 
contact or the use of chemicals. 
-Electrochemical Techniques: For metal restoration, 
electrochemical methods can be used to remove corrosion 
without damaging the original material. 
-Biological Methods: For stone and masonry, certain biological 
treatments involve microorganisms that can remove pollutants 
or consolidate the material, preserving it without harsh chemicals. 

 
5. CONCLUSION 
Preserving the heritage and restoring buildings in Gjirokastra is not just about maintaining 
architectural beauty; it's a profound commitment to safeguarding a unique cultural identity 
and historical narrative for future generations. Gjirokastra, with its distinctive stone houses 
and rich history, stands as a testament to the artistic and cultural achievements of its people 
over centuries. The restoration efforts in this UNESCO World Heritage Site embody a delicate 
balance between honouring the past and embracing the present. By investing in the 
preservation of Gjirokastra's buildings, we are not only protecting physical structures but also 
ensuring the continuation of stories, traditions, and a sense of community that define this 
historic city. Thus, the restoration and preservation of Gjirokastra is a critical endeavour that 
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bridges generations, fostering an appreciation for cultural heritage while contributing to 
sustainable tourism and economic development in the region. 
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