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ABSTRAKT

Sigurimi i gropés ndértimore éshté njé nga proceset mé té réndésishme né ndértimin e objekteve
té thella dhe komplekse, si ato g€ kérkojné€ hapjen e gropave t€ médha nén nivelin e dheut.
Pérdorimi 1 strukturave t€ betoni t€ armuar €shté nj€ nga zgjidhjet mé€ t€ géndrueshme dhe té
besueshme pér t€ siguruar stabilitetin dhe siguriné e gropave ndértimore, veganérisht kur béhet
fjal€é pér thellési t€ médha n€ 23.1 metra. Ky lloj ndértimi kérkon njé analizé t€ kujdesshme té
kushteve gjeoteknike dhe té€ llojeve té materialeve q€ pérdoren pér t'u siguruar qé strukturat e
mbéshtetjes pérputhen me kérkesat e sigurisé dhe géndrueshmérisé.

Qéllimi i kétij studimi €shté€ t€ shqyrtojé dhe t€ ofrojé€ njé€ analizé té procesit té sigurimit té gropés
ndértimore me strukturé betoni té€ armuar, duke u fokusuar né rastin e njé objekti me thellési té
madhe, 23.1 metra nén nivelin e dheut. Studimi ka pér géllim té pércaktoj€ metodat dhe teknikat
mé t€ pérshtatshme té€ ndértimit t€ késaj strukture, si dhe t€ vlerésojé performancén e saj nén
ngarkesat e mundshme dhe kushtet gjeoteknike té€ pranishme.

Pér realizimin e kétij studimi, éshté pérdorur njé qasje praktike dhe analitike. Eshté béré njé
vlerésim 1 kushteve gjeoteknike té terrenit, duke pérdorur t€ dhéna t€ marra nga sonda té kryera né
terren. M€ pas, jan€ aplikuar metodat e llogaritjes s€ ngarkesave dhe t€ analizés s€ stabilitetit t€
strukturés s€ betonit t€ armuar, duke marré parasysh parametrat e materialeve dhe karakteristikat
mekanike t€ dheut. Po ashtu, éshté pérdorur softueri pér simulimin dhe llogaritjen e faktoréve té
sigurisé dhe performancés sé strukturés.

Konstatime mbi rezultatet: Nga analiza dhe rezultatet e marra gjaté kétij studimi, éshté konkluduar
se pérdorimi i betonit t€ armuar pér sigurimin e gropés ndértimore né thellési t€ médha éshté njé
zgjidhje efektive dhe e sigurt. Struktura e betonit t€ armuar ka treguar njé performancé té
géndrueshme nén ngarkesa statike. Pérdorimi i késaj teknike ka kontribuar né€ uljen e rrezikut té
shembjes dhe rréshqitjeve, duke siguruar njé mbéshtetje té€ forté dhe té besueshme pér gropén.
Njékohésisht, ka rezultuar se analiza e kushteve gjeoteknike dhe adaptimi i metodave té€ llogaritjes
pér kéto kushte jané té réndésishme pér optimizimin e projektit.

Fjalé kyce: Sigurimi i gropés ndértimore, betoni i armuar, thellési t¢ madhe, analiza e ngarkesave,
stabiliteti, struktura ndértimore, ndértimi nén terren, gjeotekniké, stabiliteti i gropés, inxhinieri

ndértimi. IOCITETL ) pRIC LTIV ¥




ABSTRACT

Introduction:The securing of a construction pit is one of the most important processes in the
construction of deep and complex structures, such as those requiring the excavation of large pits
below ground level. The use of reinforced concrete structures is one of the most durable and
reliable solutions to ensure the stability and safety of construction pits, especially when dealing
with significant depths of up to 23.1 meters. This type of construction requires a careful analysis
of the geotechnical conditions and the types of materials used to ensure that the support structures
meet the safety and stability requirements.

Objective: The aim of this study is to examine and provide an analysis of the process of securing
a construction pit with reinforced concrete structures, focusing on a case study involving a deep
structure, up to 23.1 meters below ground level. The study aims to identify the most suitable
construction methods and techniques for this structure and to evaluate its performance under
possible loads and the present geotechnical conditions.

Methodology: For the realization of this study, a practical and analytical approach has been used.
A geotechnical evaluation of the terrain conditions was performed using data obtained from field
surveys. Subsequently, methods for calculating the loads and analyzing the stability of the
reinforced concrete structure were applied, considering the material parameters and the mechanical
characteristics of the soil. Additionally, software was used to simulate and calculate the safety
factors and performance of the structure.

Conclusions on results:From the analysis and results obtained during this study, it is concluded
that the use of reinforced concrete for securing construction pits at great depths is an effective and

safe solution. The reinforced concrete structure demonstrated stable performance under static

loads. The use of this technique has contributed to reducing the risk of collapse and sliding,
providing strong and reliable support for the pit. At the same time, it has been found that the
analysis of geotechnical conditions and the adaptation of calculation methods for these conditions

are essential for optimizing the project.

Keywords: Construction pit securing, reinforced concrete, great depth, load analysis, stability,

construction structure, underground construction, geotechnics, pit stability, civil engineering.
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ABSTRAKT

Sigurimi 1 gropés ndértimore &shté njé nga proceset mé t& réndésishme né ndértimin e objekteve
té thella dhe komplekse, si ato g€ kérkojné hapjen e gropave t€é médha nén nivelin e dheut.
Pérdorimi i strukturave t€ betoni t€ armuar €shté njé nga zgjidhjet mé t&€ géndrueshme dhe té
besueshme pér t€ siguruar stabilitetin dhe siguriné e gropave ndértimore, veganérisht kur béhet
fjalé pér thellési t€ médha n€ 23.1 metra. Ky lloj ndértimi kérkon nj€ analiz€ t€ kujdesshme té
kushteve gjeoteknike dhe té llojeve t€ materialeve q€ pérdoren pér t'u siguruar qé strukturat e
mbéshtetjes pérputhen me kérkesat e sigurisé dhe qéndrueshmérisé.

Q¢&llimi 1 kétij studimi €shté t&€ shqyrtojé dhe t€ ofrojé nj€ analizé té procesit té sigurimit t€ gropés
ndértimore me strukturé betoni t& armuar, duke u fokusuar né rastin e njé objekti me thellési t&
madhe, 23.1 metra nén nivelin e dheut. Studimi ka pér géllim té pércaktojé metodat dhe teknikat
mé té pérshtatshme t€ ndértimit t€ késaj strukture, si dhe té vlerésojé performancén e saj nén
ngarkesat e mundshme dhe kushtet gjeoteknike t€ pranishme.

Pér realizimin e kétij studimi, éshté pérdorur njé qasje praktike dhe analitike. Eshté béré njé
vlerésim 1 kushteve gjeoteknike té terrenit, duke pérdorur t€ dhéna té marra nga sonda té kryera né
terren. M€ pas, jané aplikuar metodat e llogaritjes sé ngarkesave dhe té€ analizés sé stabilitetit t&
strukturés sé€ betonit t€ armuar, duke marré parasysh parametrat e materialeve dhe karakteristikat
mekanike t€ dheut. Po ashtu, éshté pérdorur softueri pér simulimin dhe llogaritjen e faktoréve té
sigurisé dhe performancés s€ strukturés.

Konstatime mbi rezultatet: Nga analiza dhe rezultatet e marra gjaté kétij studimi, éshté konkluduar
se pérdorimi 1 betonit t€ armuar pér sigurimin e gropés ndértimore né thellési t&€ médha &shté njé
zgjidhje efektive dhe e sigurt. Struktura e betonit t&€ armuar ka treguar njé performancé té
géndrueshme nén ngarkesa statike. Pérdorimi i késaj teknike ka kontribuar n€ uljen e rrezikut té
shembjes dhe rréshqitjeve, duke siguruar njé mbéshtetje t€ fort€ dhe t€ besueshme pér gropén.
Njékohésisht, ka rezultuar se analiza e kushteve gjeoteknike dhe adaptimi i metodave t€ llogaritjes
pér kéto kushte jané t& réndésishme pér optimizimin e projektit.

Fjalé kyce: Sigurimi i gropés ndértimore, betoni i armuar, thellési té madhe, analiza e ngarkesave,
stabiliteti, struktura ndértimore, ndértimi nén terren, gjeotekniké, stabiliteti i gropés, inxhinieri

ndértimi.




ABSTRACT

Introduction:The securing of a construction pit is one of the most important processes in the
construction of deep and complex structures, such as those requiring the excavation of large pits
below ground level. The use of reinforced concrete structures is one of the most durable and
reliable solutions to ensure the stability and safety of construction pits, especially when dealing
with significant depths of up to 23.1 meters. This type of construction requires a careful analysis
of the geotechnical conditions and the types of materials used to ensure that the support structures
meet the safety and stability requirements.

Objective: The aim of this study is to examine and provide an analysis of the process of securing
a construction pit with reinforced concrete structures, focusing on a case study involving a deep
structure, up to 23.1 meters below ground level. The study aims to identify the most suitable
construction methods and techniques for this structure and to evaluate its performance under
possible loads and the present geotechnical conditions.

Methodology: For the realization of this study, a practical and analytical approach has been used.
A geotechnical evaluation of the terrain conditions was performed using data obtained from field
surveys. Subsequently, methods for calculating the loads and analyzing the stability of the
reinforced concrete structure were applied, considering the material parameters and the mechanical
characteristics of the soil. Additionally, software was used to simulate and calculate the safety
factors and performance of the structure.

Conclusions on results:From the analysis and results obtained during this study, it is concluded
that the use of reinforced concrete for securing construction pits at great depths is an effective and
safe solution. The reinforced concrete structure demonstrated stable performance under static
loads. The use of this technique has contributed to reducing the risk of collapse and sliding,
providing strong and reliable support for the pit. At the same time, it has been found that the
analysis of geotechnical conditions and the adaptation of calculation methods for these conditions

are essential for optimizing the project.

Keywords: Construction pit securing, reinforced concrete, great depth, load analysis, stability,

construction structure, underground construction, geotechnics, pit stability, civil engineering.




Falenderime

Té nderuar familjar, miq dhe profesoré,

Me kété rast té vecanté, dua té shpreh njé falenderim té thellé pér mbéshtetjen dhe pérkrahjen tuaj
gjaté ketij udhétimi. Pa ju, kjo arritje nuk do té ishte e mundur.

Faleminderit pér té gjitha inkurajimet dhe momentet e bukura qé kemi ndaré.

Ju falénderoj nga zemra pér rolin tuaj té pazévendésueshém né kété rrugé té suksesit.
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1.Hyrje

Kur Terzaghi fillimisht konsideroi géndrueshmérin€ e gérmimeve t€ thella, ai i konsideroi
gérmimet thellésité e t€ cilave ishin mé t€ vogla se gjerésia e tyre si gérmime té cekta, ndérsa
gérmimet thellésité e té cilave ishin mé t&€ médha se gjerésia e tyre si gérmime t& thella. Vite mé
voné, Terzaghi dhe Peck (1967) rishikuan nocionin e gérmimeve té cekéta dhe té thella dhe treguan
se gérmimet mé pak se 6 metra t€ thella mund t€ konsiderohen gérmime t€ cekéta, ndérsa gérmimet
e thellésive mé t&€ médha konsiderohen gé€rmime t€ thella né té€ cilat stabilizimi me pilota dhe
ményra t€ tjera duhet t&€ merren parasysh. Né pérgjithési, analizat e stabilitetit t€ gérmimeve té
cekéta kryhen lehtésisht. N€ fakt, gjithnjé e mé shumé projekte gérmimesh jané té vendosura né
vendet urbane. Pér t€ shmangur démtimin e ndértesave pérreth, diafragmat dhe pilotat pérdoren si
konstruksione mbajtése. Pérve¢ késaj, shumica e analizave dhe llogaritjeve kryhen nga programe
kompjuterike, t€ cilat mund t€ pérdoren pér ¢do thellési duke pérdorur té njéjtat teori. Prandaj, nuk
ka mé kuptim té béhet dallimi midis gérmimeve té thella dhe té cekéta.

Analiza e g€rmimit té thellé¢/gropés ndértimore &shté shpesh e nevojshme para ekzekutimit.
Analizat e gérmimeve shpesh jané probleme té ndérveprimit toké-strukturé. Toka é€shté njé
material jolinear, joelastik dhe anizotrop. Gjithashtu, uji ka njé ndikim t€ madh né sjelljen e tij.
Teorikisht, analiza e thellé dhe e detajuar e gérmimit pérfshin simulimet e sjelljes elastoplastike té
tokés, sjelljen e kontaktit midis tokés dhe strukturés mbéshtetése dhe procesin e gérmimit.
Projektimi gjeoteknik dhe ndértimi i objekteve né toka t€ buta dhe ato shumé té buta zakonisht
shogérohen me véshtirési té konsiderueshme. Pér shkak se tokat e buta jané t€ ndjeshme ndaj
deformimeve dhe kané rezistencé shumé t&€ ulét né prerje, ato mund t€ ¢cojné né¢ démtime
strukturore gjaté ndértimit, si dhe gjaté jetés s¢€ projektit vecanérisht n€ zonat urbane. Kjo mund té
jeté pér shkak té:

- uljeve t€ médhaja ose rrotullimit t& objekteve ekzistuese,

- uljeve relativisht t€ vogla por té rrezikshme té objekteve té vjetra.

- ndryshimit t€ nivelit t€ ujit néntokésor dhe si rrjedhim rrezikim i objekteve fqinje, et;.
Projekti i ploté i gérmimeve t€ thella pérfshin nj€ sistem mbéshtetés, sistemin e gérmimit, sistemin
e kullimit, procesin e gérmimit, monitorimin, mbrojtjen e ndértesave, etj.

Pér shkak se ekziston njé gamé kaq e gjeré e llojeve té tokés, éshté e nevojshme té pérshkruhen
dhe klasifikohen tokat né terma qé pércjellin qarté dhe né ményré koncize karakteristikat e tyre,
dhe té cilat pérgjithésisht pranohen dhe kuptohen nga inxhinierét gjeotekniké dhe studiuesit.
Shtresat e buta té tok&s shtrihen né njé thellési mé t€ madhe se 30 m. Bjerrum (1973) klasifikon
argjilat e buta bazuar né€ historin€ e tyre inxhinierike-gjeologjike dhe thekson ndryshimin né vetité

qé rezultojné nga depozitimi i tyre si argjila e reja normal t€ konsoliduara, argjila t€ vjetra t& normal
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té konsoliduara, argjila t€ parakonsoliduara, argjila t€ troshitura né€ koren e sipérme, depozitime té
shpejta té argjilave dhe argjila t€ ¢imentuara.
Projektet e gérmimeve t€ thella zakonisht mirren né konsiderim gjaté ndértimit t€ bodrumeve té
ndértesave, parkingjeve néntokésore, metrove, etj., thell€sité e t€ ciléve mund té shkojné nga disa
metra deri n€ 30 ose 40 metra. Njé proces 1 vet€m 1 gérmimit mund t€ haset me lloje t€ ndryshme
té tokés nén t€ njé&jtén vend gé€rmimi - nga argjilat e buta né shkémbinjté e fort€. Kushtet
gjeologjike pércaktojné llojin e strukturave mbéshtetése dhe ndikojné€ shumé né sjelljen e gérmimit
(gropés ndértimore). Pérvec kushteve gjeologjike, shpérndarja e ujérave néntokésore gjithashtu
kontribuon né kété sjellje. Ekzistojné€ testime t€ shumta gjeomekanike té disponueshme pér
klasifikimin e dherave dhe caktimin e vetive mekanike t€ tyre qé¢ mund té pérdoren né€ fazén e
shqyrtimeve t€ gérmimeve t€ thella, té cilat pérfshijné vetité fizike té dherave, té tilla si dendésia
e dherave, pesha specifike, sasia e lag€shtis€, kufijt€ e Atterbergut, etj., dhe prova té sjelljes
mekanike, t€ tilla si konsolidimi dhe aft€sia mbajtése. Mund té themi se studimi i sjelljes s€ tokés
mund té trajtohet né katér grupe kryesore karakteristike;

- vetité e shprehura me indeks (shpesh empirike),

- vetité e shafitjes (kompresimit),

- vetité e rezistencés dhe

- vetité e deformimit né kushtet e ngarkesés deviatore.
Disa lloje té tokave té buta qé hasen mé shpesh gjaté ndértimit té gropave ndértimore jané:
Argjilat e buta. Sipas klasifikimit gjeoteknik, argjilat jané dherat né t€ cilat mbizotérojné kokrra
mé t€ vogla se 0.002 mm. Sipas origjinés sé€ tyre, ato 1 pérkasin sedimenteve mé té reja, t€ formuara
nga shpérndarja e shkémbinjve né Pliocenin e voné dhe Holocenin né ujéra té geta. Ekzistojn
sedimente lumi, ligeni dhe deti. Karakteristikat mekanike t& argjilave, pérve¢ pérbérjes sé tyre
minerale, pércaktohen nga proceset fizike dhe kimike t&€ mévonshme. Historia e sforcimeve éshté
vecanérisht e réndésishme. Nése sforcimet n€ t€ kaluarén gjeologjike ishin né€ njé faré periudhe
mé t& médha se sot, argjila éshté e parakonsoliduar; ka veti mekanike rregullisht mé té favorshme
sesa argjila té€ cilat nuk kané provuar njé histori té tillé dhe qé ne i quajmé argjila normal té
konsoliduara. Mbikonsolidimi zakonisht ndodh si rezultat i largimit s€ shtresés s€ tokés mbi
materialin e vézhguar (erozioni nga uji dhe era) ose nga tharja e sipérfages s€ tokés. Argjilat e
parakonsoliduara kané njé dendési mé té larté se ato normal té konsoliduara. Argjilat e buta
zakonisht konsolidohen. Se toka normalisht éshté e konsoliduar ose e mbikonsoliduar konkludohet
né bazé t€ rezultateve té€ provave gjeomekanike né laborator (zakonisht me ané té provés sé
konsolidimit me edometér).
Pér argjila t€ buta té€ ngopura me ujé, vlen gjendja e padrenuar, e cila ndodh pér shkak té

ujépérshkueshmérisé€ s€ vogel té tokés. Né tokat e buta, gjaté veprimit té forcave prerése. rritet
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presioni poror me ¢'rast zvog€lohet afté€sia mbajtése. Prandaj, afté€sia mbajtése e padrenuar éshté
parametri themelor i rezistencés s¢€ argjilave té buta. Disa autoré i quajné toka té buta té gjitha

tokat, kohezioni i padrenuar i t€ cilave éhté ¢, < 40kN /m’. Kohezioni i padrenuar ¢, , &hté i
barabarté me gjysmén e sforcimit aksial, ¢, =¢q, /2.

Torfet dhe dherat organik. NE torfe sasia e mineraleve €sht€ mé pak se 20%, dhe sasia e fibrave
bimore &shté mé shumé se 50%, ndérsa né€ tokat organike pé€rmbajtja e grimcave minerale éshté
95% deri 99%. Sisteme t€ ndryshme té klasifikimit t& tokés dallojné disa grupe té tjera si kalimtare
nga torfe n€ dhera organik. Pasoja e strukturés fibroze &shté q¢ torfet jané relativisht miré t&
ujépérshkueshme, por edhe shumé shafit€s. Pér shkak té ujépérshkueshmérisé sé larté té ujit,
konsolidimi primar i torfeve &shté jetéshkurtér, por pasohet nga njé zvarritje e gjaté e konsolidimit
sekondar. Aftésia mbajtése éshté e vogél, por rritet me shkallén e konsolidimit.

Réra té léngézuara. Léngézimi éshté njé fenomen g€ ndodh né toké nén veprimin e njé€ force me
intensitet t€ lart€ (mé sé€ shpeshti térmete), dhe manifestohet si njé rritje e presionit poror dhe njé
ulje e aftésis€ mbajtése t& tokes. N& tokén qé 1 nénshtrohet 1€ngézimit, strukturat e ndértuara mund
té cahen ose t& shemben plotésisht gjaté veprimit té térmeteve. Léngézimi ndodh kryesisht né
materiale plotésisht t€ ngopura me uj€, kryesisht jo koherente (réra). Lé€ngézimi i nénshtrohet
materialeve me ngjeshméri mé t&€ ulét pasi ato shfagen né depozitat e reja gjeologjike, sedimentet
aluviale dhe sedimentet lumore. Meqenése €shté e véshtiré nxerrja e mostrave t€ paprishura nga
toka e tillé, vlerésimi i ngjeshjes sé tokés kryhet nga provat né terren. Ato jané, para s€ gjithave,
testi standard i penetrimit (SPT), njé ményré tradicionale e testimit me shumé t€ dhéna dhe
korrelacione né t€ gjithé botén. Sidoqofté, megjithése emri &shté standard, ka shumé variante té
tjera, késhtu q€ ne nuk mund t€ zbatojmé n€ ményré jo kritike t€ dhénat e fituara nga njé vend né
tjetrin. Prandaj, prova e penetrimit statik (CPT) pérdoret mé gjerésisht sot. CPT bashkékohor bé&jné
pérveg tjerave edhe matjen e presioneve porore dhe shpejtésin€ e pérhapjes sé valéve seizmike

(CPTU, SCPTU, etj).
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2. ANALIZA TEORIKE E TOKES DHE PRESIONEVE

Llogaritja e presioneve aktive dhe pasive éshté njé hap thelbésor né projektimin e strukturave
mbajtése, veganérisht pér siguriné e gropave ndértimore té thella. Ky proces pércakton forcén e
ushtruar nga masa e tokés mbi strukturat mbrojtése, duke siguruar qé ato té jené t& qéndrueshme
dhe t& pérballojné kushtet e ngarkesés s¢ ambientit. Pér t&€ kuptuar mé miré kéto presione, pérdoren
analiza teorike dhe praktike bazuar n€ parametra té veganté té tokés dhe strukturés.

Presioni aktiv 1 tokés pérfagé€son forcén g€ ushtron masa e tokés kur struktura fillon té€ devijojé ose
té zhvendoset larg nga masa e tokés. Ky presion varet nga kéndi i férkimit t€ brendshém té tokés
dhe pesha specifike e saj. Llogaritja e tij €shté thelbésore pér té pércaktuar pérmasat minimale té
murit mbrojtés dhe pér t€ shmangur deformimet apo shembjet.

Presioni pasiv i tokés, né t€ kundért, pérfagéson forcén q€ ushtron masa e tokés kur struktura Iéviz
drejt saj. Ky presion €shté pérgjithésisht mé i larté€ se presioni aktiv dhe pérdoret pér t€ llogaritur
rezistencén g€ masa e tokés mund t&é ofroj€ pér t€ ndihmuar stabilitetin e strukturés.

Pér té llogaritur kéto presione, pérdoren metoda t€ bazuara né teorin€ e férkimit té tokés, duke
pérfshiré parametrat si pesha specifike e tokés, lartésia e gropés ndértimore dhe kéndi 1 férkimit té
brendshém té tokés. Pérveg kétyre, faktoré té tjeré si kushtet gjeoteknike dhe hidrostatike luajné
nj€ rol té réndésishém né pércaktimin e vlerave pérfundimtare.

Ky proces llogarités ndihmon né krijimin e nj€ projekti t€ sigurt dhe t&€ géndrueshém pér strukturén,
duke reduktuar rrezikun e déshtimeve strukturore dhe duke rritur jetégjatésin€ e saj. Pér té
garantuar nj¢ analizé té sakté dhe gjithépérfshirése, duhet té pérdoren programe kompjuterike dhe
analiza laboratorike pér t€ konfirmuar t€ dhénat e parashikuara teorikisht.

Presionet e tokés pérfaqésojné forcén qé toka ushtron mbi strukturat qé vijné né kontakt me té, si
muret mbajtése, muret e pérkohshme t€ g€rmimit, apo strukturat néntokésore. Kéto presione luajné
njé rol thelbésor né projektimin gjeoteknik, duke ndihmuar né sigurimin e stabilitetit dhe
qéndrueshmérisé s€ strukturave. Njohja dhe llogaritja e sakta e kétyre presioneve é&shté e
domosdoshme pér t& shmangur deformimet ose déshtimet strukturore (Terzaghi & Peck, 1967).
N¢ kété kontekst, presionet aktive dhe pasive jané ndér parametrat mé t€ réndésishém g€ duhet t&
merren parasysh. Ato pércaktojné si reagojné muret mbajtése apo strukturat néntokésore kur jané
té ekspozuara ndaj forcave nga toka pérreth.

2.1 Karakteristikat mekanike té tokés

Toka é&shté njé material natyror me sjellje komplekse mekanike, e cila karakterizohet nga
parametra t€ ndryshém fiziké dhe mekaniké. Sjellja e tokés nén ngarkesé ndikon drejtpérdrejt né

stabilitetin e gropave ndértimore dhe né forcat g€ veprojné mbi strukturat mbajtése.
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Parametrat kryesoré mekaniké t€ tokés q€ merren né konsideraté gjat€ projektimit t€ gropave
ndértimore jané:
Pesha véllimore e tokés (), e cila pércakton madhésiné e presioneve vertikale dhe anésore;

- Kohezioni (¢), g€ pérfaqgéson forcén lidhése ndérmjet grimcave té tokés;

- Kéndi i férkimit t€ brendshém (o), 1 cili tregon rezistencén e tokés ndaj rréshqitjes;

- Moduli i elasticitetit (E), g€ pérshkruan deformueshméring e tokés nén ngarkes¢;

- Koeficienti i Poisson-it (v), g€ ndikon n€ shpérndarjen e deformimeve.
Kéta parametra pércaktohen zakonisht pérmes provave laboratorike dhe in-situ, dhe vlerat e tyre
kané ndikim t€ drejtpérdrejté n€ llogaritjen e presioneve aktive dhe pasive té tokés.

2.2 Presioni aktiv i tokés

Presioni aktiv i tokés pérfagé€son gjendjen né té cilén toka ushtron forcé minimale anésore mbi
strukturén mbajtése, duke u aktivizuar si pasojé e lévizjes s€ murit larg masés sé€ tokés. Kjo gjendje
&shté e réndésishme pér projektimin e mureve mbajtése dhe strukturave té sigurimit t€ gropave
ndértimore.

Nj€ nga teorité mé t& pérdorura pér pércaktimin e presionit aktiv té tokés éshté teoria e Rankine, e

cila bazohet né supozimin e tokés homogjene, izotrope dhe pa férkim ndérmjet murit dhe tokés.

K, = tan? (450 — %) (1)

Presioni aktiv rritet né ményré lineare me thellésiné dhe shpérndahet né formé trekéndore pérgjaté
lartésis€ s€ murit.

2.3 Presioni pasiv i tokés

Presioni pasiv i tokés paraget gjendjen né té cilén toka zhvillon rezistencé maksimale ndaj 1€vizjes
s€ murit drejt masés s€ tokés. Ky presion luan rol té rénd€sishém né sigurimin e stabilitetit té
strukturave mbajtése, vecanérisht n€ zonén e bazés sé€ murit.

Koeficienti i presionit pasiv sipas teorisé s¢ Rankine jepet nga:

Ko = tan? (45° + £) )
N¢ praktikén inxhinierike, presioni pasiv pérdoret me kujdes dhe shpesh reduktohet pér t€ marré
parasysh pasigurité né mobilizimin e ploté€ t€ rezistencés sé tokés.

Té¢ kuptuarit dhe analizimi i presioneve aktive dhe pasive té tokés €shté thelbésor pér projektimin
e suksesshém t€ strukturave mbajtése. Kéto presione ndihmojné né:

- Vleré€simin e qéndrueshméris€ s€ mureve mbajtése dhe strukturave té tjera.

- Parashikimin e deformimeve t€ mundshme té strukturés si pasojé e 1€vizjeve té tokes.

- Parandalimin e dé€shtimeve gjeoteknike, t& cilat mund t€ rezultojné n€ kosto t€ médha

ndértimi ose mirémbajtjeje.
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Figura 1. Presionet akive dhe passive té tokes.

2.4 Ndikimi I ujit néntoksor

Prania e ujit néntokésor ka ndikim té konsiderueshém né stabilitetin e gropave ndértimore. Uji

ushtron presion hidrostatik mbi strukturén mbajtése dhe redukton efektivisht rezistencén e tokés

pérmes uljes sé tensioneve efektive. N€ rastet kur niveli i ujit néntokésor ndodhet mbi bazén e

gropés, presioni total mbi murin mbajtés pérb&het nga presioni efektiv i tokés dhe presioni i ujit.

Pér kété arsye, gjaté projektimit duhet t€ merret parasysh skenari mé i pafavorshém i nivelit té ujit.

2.5 Ngarkesat shtesé mbi toké

Pérvec peshés vetjake t€ tokés, mbi gropat ndértimore mund té veprojné edhe ngarkesa shtesé, té

tilla si ngarkesat nga ndértesat fqinje, trafiku rrugor ose pajisjet e ndértimit. Kéto ngarkesa

pérkthehen né presione shtesé anésore mbi murin mbajtés dhe duhet t€ merren parasysh né analizén

e presioneve. Ngarkesat shtesé€ zakonisht modelohen si ngarkesa uniforme ose t€ pérqendruara dhe

konvertohen né presione anésore ekuivalente.

15




3. Metodat e llogaritjes sé sistemeve mbajtése

Problemi 1 stabilizimit t& gérmimeve té thella &shté njé nga problemet mé€ domethénése né
gjeotekniké dhe praktikén gjeoteknike. Fillimisht, inxhinierét filluan t€ analizojné presionet né
muret mbrojtése, ku si problem ky¢ konsiderohet pérballimi i atyre presioneve. Me kalimin e
kohés, filluan ndértimet n€ ndértesa t€ larta, relativisht t€ ngulitura thell¢ nén sipérfagen e terrenit.
Kéto struktura dhe veté fakti i ndértimit t€ tyre n€ zonat urbane kané ¢uar n€ nevojén e ndértimit
té strukturave mbajté€se. Ndértimi 1 strukturave mbajtése né parim €shté i ndryshém nga ai mureve
mbrojtése. Prandaj, metoda dhe teori t€ ndryshme empirike dhe analitike jané shfaqur pér té
llogaritur ngarkesat qé veprojné né to dhe deformimet e shkaktuara nga kéto ngarkesa. Kryerja e
gé€rmimeve té thella lidhet me stabilitetin dhe deformimin. Stabiliteti dhe deformimi jané té
lidhura. Prandaj, parashikimi i gérmimeve t€ thella pérfshin analizén e stabilitetit dhe deformimit.
Pérvoja ka treguar se stabiliteti mund té vlerésohet me saktési t&€ mjaftueshme duke pérdorur
llogaritjet e thjeshta t& ekuilibrit statik. Sidoqofté, deformimet jané shumé mé té véshtira pér t'u
parashikuar, dhe analizat e elementeve t€ fundme shpesh pérdoren pér kété qéllim kur zhvendosjet
e tokés jané veganérisht té réndésishme. Gérmimet e thella jané projektuar t& jené t& géndrueshme
dhe té kufizojn€ deformimet né€ nivele t& pranueshme. Gérmimet e thella t&€ qéndrueshme jané
gérmime konstruksionet mbajtése t€ t€ cilave nuk shemben dhe baza e té cilave nuk ngrihet né
ményré t&€ pakontrollueshme. Deformimet e tokés rreth gérmimit mund t&€ démtojné ndértesat,
rrugét dhe objektet tjera fqinje. Ashpérsia dhe shkalla e démtimit varet nga madhésia dhe 1loji i
zhvendosjes s€ tokés rreth gérmimit. Gérmimi 1 tokés tek gropat nértimore ka dy efekte kryesore.
E para &shté se heqgja e peshés sé tokés s¢ gérmuar rezulton né njé zvogélim té tensionit vertikal
né toké nén gérmim. E dyta éshté se heqja e tokés né gérmim rezulton né humbjen e mbéshtetjes
anésore pér tokén rreth gérmimit.
Shumé lloje t€ strukturave mbajtése u pérdorén né€ gérmime té thella. Llojet themelore jané
diafragmat betonarme, pilotat betonarme, elementet nga celiku, etj, ndérsa stabiliteti i kétyre
konstruksioneve mund té sigohet me ankera ose elemente shtanguese me prerje € ndryshme
térthore, zakonisht té ndértuara nga celiku.
Kryesisht, shqyrtimet e gropave ndértimore kané gené empirike dhe numerike. Pér kété arsye,
rishikim e literaturés e kemi ndaré né dy pjes€ dhe até:

- Vézhgimet empirike,

- Analiza numerike.
Metodat klasike té llogaritjes gjithashtu kané njé rol t€ vecanté né historin€ e gjeoteknikés sé

strukturave mbajtése, me té cilat do t€ merremi né vijim.
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3.1 Vézhgimet empirike
3.1.1 Peck (1969)
Metoda e paré empirike pér parashikimin e zhvendosjes s€ strukturave mbajtése fleksibél u bé nga

Peck (1969). Metoda e tij bazohet né rezultatet e zhvendosjes sé tokés né€ gropat ndértimore té

stabilizuara nga pilotat dhe elementet e ¢celikut.

=
£
:
<8
(]
S <
— '
-9
B
<=
h
3 1 1 |
i 2 3 4

Largésia nga muri
Thell€sia e gértimit

Figura 2. Ulja e tokés né aférsi té konstruksioneve mbajtése (Peck, 1969)
Si¢ shihet né€ fig.2, Peck ndau tokén né tre kategori:
I.  Réré dhe argjil€ e buté deri né e forté
II.  a) Argjil€ e buté deri né shumé e buté
1) Thellésia e kufizuar e argjilés poshté fundit t& gérmimit,
2) Thellésia e konsiderueshme e argjilés poshté fundit té gérmimit, por N, <N,
b) Uljet nén ndikimin e probleme té objekteve
III.  Argjila shumé e buté n€ e buté né nj€ thellési té€ konsiderueshme poshté fundit té€ g€rmimit
dheme N, >N, ,
ku N, éshté vlera e kapacitetit mbajtés 1 definuar si:

_yH

cub

N, 3)

ku &shté:

y - pesha véllimore e dheut prapa konstruksionit mbajtés
H - thellésia e gérmimit

c,, - kohezioni i1 padrenuar i dheut nén thellésiné e gérmimit

Metoda e Peck &shté njé metodé empirike, késhtu qé si e tillé nuk mund t& pérdoret pér analiza

analitike dhe parashikimin e theyrrjes s€ tokés. Sidoqofté, né literaturé kjo metod€ shpesh merret
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si referencé me gé€llim krahasimin e zhvendosjeve té pritshme dhe zhvendosjeve t€ marra nga

matjet né€ terren.

3.1.2 Clough dhe O’Rourke (1990)

Clough dhe O’Rourke (1990) prezantuan njé metodé té re pér parashikimin empirik té zhvendosjes

sé€ konstruksioneve mbajtése dhe tokés né sipérfagen e terrenit prané€ gropés ndértimore. Ata kryen

analiza parametrike me metodén e elementeve t&€ fundme pér gérmime té thella né réré, argjila té

forta dhe toka reziduale, té stabilizuara pilota, elemente nga celiku, diafragma betonarme, et;.

Figura 2 tregon vlerat maksimale t€ zhvendosjeve horizontale (5,,, ) n€ lidhje me thellésiné e

gérmimit ( /), ndérsa figura 3 tregon vlerat maksimale t€ zhvendosjeve vertikale t€ sipérfaqes (

0,, ) n€ lidhje me thellésin€ e gérmimit ( /).

Zhvendosja maksimale
horizontale, §ymmm)

200

160

120

[+
Q

EN
o

o

T T T - T
a3 ® Soldler Pile BLag |
or Sheetpiles

ODlophram Walls

OSoll Noil Walls _|
ADrllled Pler Walls
OSoll Coment Wolls |

w3l w3 u a9

Thellésia e gérmimit, H (m)

Figura 3. Uljet maksimale horizontale té gropave ndértimore né réra, argjila té forta dhe dhera
rezidual (Clough dhe O'Rourke, 1990)

Ulja maksimale e sipérfages

s€ terrenit, Sym(mm)

200+
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40

T T
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w3 W56 56,240 mm ODiophram Walls ~ —

ADrilled Pier Walls |

Thellésia e gérmimit, H (m)

Figura 4. Uljet maksimale té sipérfaqes sé terrenit né réra, argjila té forta dhe dhera residual

(Clough dhe O Rourke, 1990)
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Clough dhe O'Rourke (1990) zhvilluan njé metodé gjysmé-empirike pér vlerésimin e deformimit
té€ gé€rmimit né argjila t& buta, ku deformimet maksimale anésore t&€ shkaktuara nga gérmimi varen
nga shtangésia e sistemit, dhe faktori i sigurisé kundér ngritjes sé tokés né thellésiné gérmimit.
Zhvendosja maksimale anésore e gropés ndértimore, shprehet si shtangési efektive e sistemit, si¢
tregohet n€ Figurén 4. Né két€ metod€, shtangésia e sistemit pércaktohet si mé poshté:

EI

S=1r 4)

Shtangésia e sistemit ((£/ )/(}/wh:vg)) kombinon ndikimin e distancés mesatare ndérmjet

elementeve shtanguese t€ gropés ndértimore ( 4, ) dhe shtangésin€ e prerjes térthore t&

konstruksionit mbajtés (pilotave, diafragmave, etj) ( £l ). Zhvendosjet maksimale horizontale té

konstruksioneve mbajtése mvaret nga distanca mesatare ndérmjet elementeve shtanguese né

fuqiné e katért (h:vg ).

[Sheetpile Walls, 1 m Thick Slurry walls
\ 1 I‘—‘_afimas m
25 h He
\ ¥
20 \ & .
;\3 \ ¥  Factor of Safety Against
*—; \ @6‘\ |¥ Basal Heave
z 15 N 6\%\\
E é}@\ 0.9 ~
« 1.0 S é°° N 10
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N \ ¥ S~ 14 \.-—.-N___N__
’ \_ T 2'0 —— ] [t r———
Tt 3.0
10 30 5070 100 300 5007001000 3000

EI/(y.,,h;\,g) —>Increasing System Stiffness

Figura 5. Korrelacionet pér zhvendosjen maksimale té gropés ndértimore me faktorin e sigurisé
ndaj ngritjes sé fundit té gérmimit dhe shtangésiné e sistemit (Clough et al., 1989)

Figura 5 i lejon pérdoruesit té vlerésojé zhvendosjet horizontale né€ argjilé né€ lidhje me ngurtésiné
efektive t€ sistemit dhe faktorin e siguris€ ndaj ngritjes sé€ pjesés s€ poshtme t& gérmimit. Faktori
1 siguris€ ndaj ngritjes s€ pjesés sé poshtme té gropés ndértimore 1 pérdorur né figurén 5 éshté ai 1
dhéné nga Terzaghi (1943). Pér gérmime té gjera (H / B <1), ky faktor i siguris€ shprehet si:

FS, = _ CwNe (5)

C
H _ ub
(y 0.73)

F'S, -faktori 1 siguris€ ndaj ngritjes sé fundit t€ gérmimit

ku jané:

N, - faktori i aftésisé mbajtése t& tokés
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B - gjerésia e gérmimit
H - thellésia e gérmimit
c,, - kohezioni 1 padrenuar i dheut nén thell€sin€ e gérmimit

Pér gropa ndértimore né té cilat ekziston shtresa e ngurté né aférsi t€ saj, ky faktor 1 siguris€ mund
té shprehet si né€ vijim:

FS, = _ GwlNe (6)

c
H| y—Zwe
(7 Dj
ku D éshté distanca nga fundit i gérmimit deri tek shtresa e ngurté. Figura 5 éshté béré nga

studimet parametrike t€ kryera duke pérdorur rezultatet e analizave té elementeve t€ fundme.
3.1.3 Hsieh dhe Ou (1998)

Hsieh dhe Ou (1998) prezantuan rezultatet e analizave dhe hulumtimeve té tyre mbi uljen e
sipérfaqes sé terrenit né aférsi t€ gropave ndértimore. N& pérgjithési, profilet e uljes sé sipérfages
u ndané né dy grupe:

- lloji i uljes " midis krahéve té harkuar", né t€ cilin ulja maksimal ndodh shumé afér
konstruksionit mbajtés, dhe

- lloji konkav, né té cilin ulja mé e madhe ndodh né nj€ distancé t& caktuar nga konstruksioni

mbajtés.
(d/He)I./z
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
0.0 T T T
c
0.1 b
0.2 1
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0.5 oy b
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“D ',11 Sy
0.6 |- N .
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A
08 |l :
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0.9 | &7 .
‘..0 = 1 A 1 L L L L L e
Zona primare | Zona sekondare
e ndikimit ' e ndikimit

Figura 6. Metoda e propozuar pér vlerésimin e profilit té zgjidhjes sé tipit "midis krahéve té
harkuar" (Hsieh dhe Ou, 1998)

Lloji i paré€ i uljeve shpesh ndodh pas fazés s€ paré t&€ gérmimit. Praktika ka treguar se sa mé e
madhe ulja né fillim, aq mé pak ulje ndodhin si rezultat i fazave t€ tjera t& gérmimit. Kur ka njé

ndértesé€ qé €éshté e ndjeshme ndaj uljeve prané gropés sé ndértimit, duhet t€ merret parasysh ky
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lloj u uljeve dhe duhet t€ béhen pérpjekje pér t'i parashikuar dhe llogaritur ato sa mé sakté q¢ té
jeté e mundur. Profili i uljeve t€ tipit konkav ndodh kur zhvendosjet e tokés ndodhin né thellési

mé t€ médha. Gjithashtu, kéto rrénie mund t€ rrezikojné stabilitetin e njé ndértese té vendosur afér

gropés ndértimore, dmth né vendin e uljes mé t€ madhe.

d/H,

8,/ 8

Zona primare Zona sekondare
e ndikimit e ndikimit

]

Figura 7. Metoda e propozuar pér vierésimin e profilit té uljeve té tipit “midis krahéve té
harkuar”
Profilet e uljeve né figurén 5 dhe 6, jané t€ paraqitur né formén e vlerave t&€ normalizuara, ku jané:
d - distanca nga konstruksioni mbajtés
H, - thellésia e gérmimit
o, - zhvendosja vertikale (ulja)

o, - zhvendosja maksimale vertikale (ulja maksimale)
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Figura 8. Profilet tipike té deformimit té konstruksioneve mbajtése (Clough dhe O Rourke, 1998)
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4 Analizat numerike

Aktualisht nuk ekzistojn metoda standarde té projektimit pér vlerésimin e zhvendosjes s€ tokés té
shkaktuar nga gérmimet e thella. Metodat ekzistuese pér parashikimin e performancés s€ gropave
ndértimore bazohen ose né€ vézhgime empirike ose né modelim numerik. Pér shkak té ndérlikimeve
té genésishme né gérmimet fazore, metodat empirike nuk mund t& parashikojné né¢ ményré té
kénagshme zhvendosjen e tokés. Ndikimi 1 faktoréve individualé nuk mund té nxirret nga baza e
t€ dhénave empirike pér shkak t€ numrit t€ kufizuar té gérmimeve né toka t€ ngjajshme dhe kushte
té ngjashme ndértimi. Megjithése shumé zgjidhje numerike ekzistuese kané tendencé té jené
specifike dhe jo t€ disponueshme pér projektin e pérgjithé€suar, metodat numerike ende
pérfagésojné njé ményré praktike pér t€ kuptuar problemin e gérmimeve té thella. Sidoqofté,
zgjedhja e modeleve konstitutive kompetente dhe parametrave t€ modelit mbetet njé ¢éshtje shumé
e réndésishme pér inxhinierét gjeotekniké.

4.1 Ndikimi i konstruksioneve mbajtése

Mana dhe Clough (1981) kané kryer studime parametrike mbi ndikimin e shtangésis€ s¢ murit dhe
hapésirés ndérmjet elementeve mbéshtetése (shtanguese), ndikimin e shtangésisé s¢ elementeve
mbéshtetése dhe efektin e gjeometrisé sé¢ gérmimit t& tilla si gjerésia dhe thellésia e zones sé
gérmuar, efekti 1 paranderjes s€ elementeve mbéshtetése dhe llogaritja e shtangésisé elastike té
tokés. Rritja e rezistencés ndaj pérkuljes s€ konstruksioneve mbajtése (pilotave, diafragmave, etj)
ose zvogélimi i distancés midis shtangimeve/mbéshtetéseve zvogélon zhvendosjet. Ky efekt éshté
mé domethénés kur faktori i siguris€ &shté i1 ulét. Rritja e shtangésisé sé€ elementeve
shtanguese/mbéshtetése zvogélon zhvendosjet, megjithése efekti tregon njé€ rénie t€ kthimit me
ngurtési shumé t€ lart€. Zhvendosja rritet ndérsa gjerésia dhe thellésia e gérmimit rritet. P€rdorimi
i elementeve me mundési paranderjeje zvogélon zhvendosjet, megjithése gjaté paranderjeve mé
té larta efekti 1 kthimit zvogélohet. Nivelet e zhvendosjes ndikohen fuqimisht nga moduli i tokés.
Nj€ modul mé i madh ¢on né njé deformim mé t& vogél.

Addenbrooke et al. (2000), kryen 30 analiza jolineare me ané t€ metodé€s sé elementeve té fundme
té gérmimeve t€ thella t&€ padrenuara né argjilén e ngurté. Ata paraqitén rezultatet e zhvendosjes
pér gjendje t€ ndryshme t€ sforcimeve dhe ngurté€si t€ ndryshme t€ elementeve
shtanguese/mbéshtetése.

4.1.2 Ndikimi i gjeometrisé sé gérmimit té thellé

Wong dhe Broms (1989), duke pérdorur metodén e elementeve t&€ fundme, analizuan ndikimin e
gjeometris€ sé gérmimeve t€ thella né zhvendosjet e njé konstruksioni mbajtés.

Hashash dhe Whittle (1996) kryen njé seri eksperimentesh numerike, duke pérdorur analiza té

pérparuara té elementeve t€ fundme, q€ hetonin ndikimin e thellésis€é s€ fondimit té

22




konstruksioneve mbajtése, kushteve té shtangimit/mbéshtetjes dhe historis€ sé sforcimeve né
deformimin e gérmimit t€ thellé né gjendjen e padrenuar.

Hashash dhe Whittle (2002) dhané njé€ interpretim t€ holl€sishém t€ sforcimeve nga nj€ analizé e
elementeve t€ fundme jolineare duke siguruar njohuri t€ reja pér t€ shpjeguar evolucionin e
presionit anésor g€ vepron né diafragmat e fiksuara miré€ pér gé€rmimet e thella n€ argjilé. Studimi
iu referua deformimeve t€ thella t€ tokés dhe ndryshimit t€ sforcimeve n€ masén e tokés. Rezultatet
treguan se presionet anésore mund té tejkalojné sforcimet fillestare n€ nivele mbi thellésing e
gérmimit, duke krijuar presione t€ dukshme té tokés mé té€ larta se sa pritej nga metoda e
projektimit empirik.

4.1.3. Metodat e thjeshtuara té projektimit té konstruksioneve mbajtése

N¢ kété pjes€ jané paraqitur disa metoda té thjeshtuara pér llogaritjen e konstruksioneve mbajtése.
Ekzistojné metoda t€ ndryshme analitike té llogaritjes n€ varési té llojit t&€ konstruksionit mbajtés,
llojit té shtangimit/mbshtetjes s¢ konstruksioneve dhe llojit té tokés né té cilén ato ndértohen.
4.1.4 Pilotat/diafragmat né fundin e tyre

Kjo metodé supozon g€ njé pjesé e pilotave apo diafragmave &shté e shtrénguar né€ pjesén e
poshtme, dmth ato jané t€ vendosur né njé thellési t&€ mjaftueshme né toké dhe nuk lejojn
rrotullimin e pjes€s s€ poshtme té tyre. Ka pika me devijim zero prapa té€ cilave konstruksioni
mbajtés 1&viz prapa (kalimi i menjéhershém nga gjendja aktive n€ até pasive). Né gjendjen kufitare,
presioni aktiv i tokés mbi sipérfagen e gérmimit mund té zhvillohet plotésisht.

Duke i ditur presionet e tokés qé veprojné né€ konstruksionin mbajtés, mund té llogariten sforcimet
né t& dhe momentet e pérkuljes. Fillimisht supozohet thellésia e fondimit . Vlera pérfundimtare
merret nga pérséritjet me kusht q¢ momenti i pérkuljes rreth njé pike fikse té jeté i barabarté me
zero. Né ményré qé t€ jemi né anén e siguris€, sugjerohet rritja e thellésis€ pérfundimtare t& marré

té fondimit me disa vlera, mé shpesh me 20%.

ald Moment i 7
P llogaritut i
dy P A pérkuljes
Hy B,/
Y _

Figura 9. Llogaritia e momentit té pérkuljes sé konstruksionit mbajtés né pjesén e poshtme: a)
momenti i pérkuljes i llogaritur nga njé analizé e thjeshté, b) momenti real i pérkuljes (Ou, 2006)
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4.1.4.1. Pilotat/diafragmat e inkastruara

Tek llogaritja e konstruksioneve mbajtése té inkastruara, pérdoret metoda e pilotave/diafragmave
té fiksuara né fundin e tyre. Pér arsye t€ llogaris€, diagramet e shpérndarjes sé presioneve aktive

dhe pasive t€ tokés thjeshtohen. Kjo metodé mé sé shpeshti pérdoret pér llogaritjen e pilotave dhe
diafragmave té ndértuara né zhavore, réré dhe argjlat e ngurta.

—e—me—r1 | Zona aktive

Zona aktive |

© )

Figura 10. Konstruksionet mbajtése té inkastruar: a) zhvendosja e konstruksionit, b)
shpérndarja e presionit aktiv dhe pasiv té tokés, c) shpérndarja e idealizuar e presionit aktiv dhe
pasiv té tokes, d) metoda e thjeshtuar (Ou, 2006)

4.1.4.2. Pilotat/diafragmat me fund té liré

Sipas késaj metode, supozohet se konstruksioneve mbajtés iu lejohet njé zhvendosje e caktuar a

fundit té tyre. N€ figurén 15, jané paraqitur diagramet e presionit aktiv dhe pasiv té tokés.

Mbéshtetés e — Mbéshtetés
He
Y
S . .. o
Presioni aktiv i tokés
Presioni pasiv i tokés @ —>
Hy
(@ (b)

Figura 11. Metoda e konstruksioneve mbajtése me fund té liré: a) zhvendosja e konstruksionit,
b) shpérndarja e presionit aktiv dhe pasiv té tokés (Ou, 2006)
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Sistemi éshté statikisht i caktuar. Thell€sia e fondimit t€ konstruksionit /7, llogaritet nga kushti

q€ momenti 1 pérkuljes né€ pikén e veprimit t€ elementit shtangues/mbéshtetés éshté ZM=0. Kjo
metod€ jep momente shumé t€ médha t€ pérkuljes M dhe forca t€ médha prerése T .
4.2 Kontrollimi i thyerjes sé tokés sé fundit té gérmimit
Thyerja e tokés né pjesén e poshtme t&€ gérmimit té gropave ndértimore t€ ndértuara né toké té buté
normal t&€ konsoliduar shkaktohet kryesisht nga bymimi elastik i pjesés s€ poshtme té gérmimit pér
shkak té sforcimeve vertikale t€ reduktuara gjat€ procesit t&€ gé€rmimit, zhvendosjes s€ pjesés
fonduese té konstruksionit mbajtés q€ shtyn tokén brenda dhe deformimit plastik t€ tokés nén
nivelin e gérmimit. Faktorét g€ ndikojné né€ thyerjen pjes€s s€ poshtme t€ gérmimit pérfshijné:

- thellésiné e gérmimit,

- fortésiné e tokés,

- thellésiné e fondimit.
Ne kemi paraqgitur dy metoda t€ analiz€s sé thyerjes sé€ fundit t€ gérmimit qé€ pérdoren mé sé
shpeshti né praktikén gjeoteknike, pérkatésisht analizén e ngritjes s€ Terzaghit (1943) dhe Bjerrum
dhe Eide (1956). T¢ dyja metodat jané zhvilluar n€ parimin e tejkalimit t& aftésisé mbajtése té
argjilés nén nivelin e gérmimit, duke neglizhuar efektin e fleksibilitetit t€ elementeve
shtanguese/mbéshtetésve mbi nivelin e gérmimit dhe ndikimin e shtangésisé dhe thellésisé sé
fondimit t& konstruksionit mbajtés.

4.2.1 Terzaghi (1943)

Terzaghi (1943) ka zhvilluar metodén e pare pér analizén e thyerjes sé tokés sé€ fundit t€ gérmimeve
té cekéta dhe té gjera (h /b< 1), si¢ éshté paraqitur né figurén 12.

Pér rastin kur r > b, faktori i sigurisé ndaj ngritjes s€ fundit t€ gérmimit &shté:

5.7-¢
Fy = ‘ (7
) B _M
T
Ndérsa pér rastin kur r < b, faktori i sigurisé éshté:
5.7-¢
Fp= s 8)
h- —u
(7 b j

ku jané:
F - faktori i siguris€ ndaj ngritjes sé fundit t€ gérmimit
¢, - kohezioni i padrenuar i tokés

h - thellésia e gérmimit
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h N > h
-y ////// /SUNES —f
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a)r>0.7b b)r<0.7b

Figura 12. Analiza e thyerjes sé tokés sé pjesés sé poshtme té gérmimeve té thella sipas
Terzaghit (1943) (Kempfer, H-G., Gebreselasie, B., 2006)

4.2.2 Bjerrum dhe Eide (1956)

Bjerrum dhe Eide (1956) zhvilluan nj€ metod€ pér t€ analizuar pjesén e poshtme t€ gérmimeve né

toké t& buté. Faktori i siguris€ ndaj thyerjes shprehet si:
N.-c,

F, =
h-y+p

©)

ku jané:
N, - faktori i aftésisé€ mbajtése t€ tokés

p -ngarkesa nga dheu né thell€siné e gérmimit

lelrlvlv i JL LLlil l lp Nc, rectangle = (0.84 + 0.16 b/L ) N¢, square
|
8" I
< " 7//
Nc 6//
5_7_@_ Infinitely long, b/L =0 .
Q 4 [ —&—=— Cicular or square, b/L = 1.0
3 | | | | |
b o 1 2 3 4 5 6
h/b

Figura 13. Analiza e thyerjes sé tokés né fundin e gérmimeve té thella sipas Bjerrum dhe Eide
(1956) (Kempfer, H-G., Gebreselassie, B., 2006)
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4.3 Llogaritja e aftésisé mbajtése té ankerave

Ankerat jané elemente té cilat mé s€ shpeshti pérdoren pér shtangimin e konstruksionioneve
mbajtése te gropave ndértimore. Ekzistojn lloje t€ ndryshme t€ ankerave, ndérsa mé té pérdorura
jané€ ankerat me kavot metalike. Gjaté llogaris€ s€ ankerave, duhet t€ verifikohen 3 aftési mbajté:

- aftésia mbajtése e kontaktit kavo-beton/¢cimento

- rezistenca né képutje e kavove metalike

- aftésia mbajtése e kontaktit ankeré-toké (nxjerrja e ankerite nga toka)

Aftésia mbajtése mé e vogél e fituar mirret si mé kritikja.

—__ Pjesa e liré e ankerit

Unbonded Anchor Length

Pjesa e liré e ankerit

Pllakat ankeruase Pjesa ankeruese

Beton/¢cimento

Kavot metalike

Pjesa ankeruese

Figura 14. Prerja gjatésore e njé ankeri tipik i pérbéré nga kavot metalike
Aftésia mbajtése e kontaktit kavo-beton/¢cimento llogaritet si méposhté:
R =ndl,t (10)
ku jané:
d_ - diametri 1 kavove metalike

[, - gjatésia e pjesés ankeruese

7 - aftésia mbajtése né prerje né kontaktin kavo-beton/¢cimento
Sipas EN 1992-1-1 (EC2), aftésia mbajtése né prerje n€ kontaktin kavo-beton/¢cimento llogaritet

nga parametrat e materialit t€ betonit/cimentos, si n€ vijim:

r=12n1.. (11
ku jané:
n, - koeficienti 1 kohezionit (1.0 pér kushte t&€ mira t€ kohezionit, 0.7 pér rastet tjera)

/... - rezistenca né€ térheqje e betonit
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- Rezistenca né képutje e kavove metalike shprehet si méposhté:

R =fA=fAn

ku jané:

R - rezistenca né képutje e kavove metalike

f, - rezistenca né térheqje e materialit t& kavove

A, A - sipérfaqgja e prerjes térthore t&€ kavove té ankerite, pérkatésisht e njérés kavo

n - numri 1 kavove

-Aftésia mbajtése e kontaktit anker-toké (nxjerrja e ankerite nga toka shprehet si méposhté:
R =ndl,o tang (12)

ku jané:

R, - aftésia mbajtése e kontaktit anker-toké

d - diametric i pjesés ankeruese

[, - gjatésia e pjesés ankeruese

o, - sforcimi gjeostatik né toké

@ - kéndi 1 brendshém 1 férkimit té tokés
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5. Moduli I reaksionit té tokés

Moduli horizontal i reaksionit t& tokés i korrespondon modulit t€ reaksionit t& sustave tek model
i1 Winklerit, i cili shprehet si raport i ngarkesés e cila vepron né njé sipérfaqe té caktuar té tokés

dhe uljes s€ shkaktuar nga kjo ngarkesé¢.

k:£ (13)
Yy

Figura 15. Definicioni i modulit té reaksionit
5.1 Moduli horizontal i reaksionit sipas Schmitt-it

Kjo analiz€ e modulit t& reaksionit t€ tokés bazohet n€ lidhjen midis modulit oedometrik dhe
shtangésis€¢ sé€ konstruksionit mbajtés t€ prezantuar nga Schmitt né Revue Francaise de

Géotechnique nr. 71 dhe 74:
£

ku jané:
E,, - moduli edometrik [MPa]

EI - shtanggsia e prerjes térthore e konstruksionit mbajtés (pilotit, diafragmés, etj)
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5.2 Moduli horizontal i reaksionit i caktuar me ané té iterimeve

Njéra prej ményrave pér caktimin e modulit horizontal té reaksionit €shté pérmes iterimeve, duke
marr€ parasysh karakteristikat deformuese té tokés dhe konstruksionit mbajtés. Procedura bazohet

né supozimin se defomimi i baz&s elastike t€ karakterizuar nga moduli i deformimit t€ tokés £,
[MPa] gjaté ndryshimit t€ gjendjes s€ sforcimeve si pasojé e ndryshimit t€ presioneve té tokes,
&shté 1 nj&jté me deformimin e konstruksionit mbajtés.

Késhtuqé, qéllimi 1 késaj procedure éshé qé té gjej vlerén e tillé t€ modulit &, pér cilén do té vlente

kontinuiteti 1 deformimit t€ tokés s€ stabilizuar dhe kosntruksionit mbajtés. Gjithashtu, kjo metodé

1 merré parasysh edhe deformimet plastike té tokeés.

Figura 16. Caktimi i modulit horizontal té reaksionit me ané té iterimeve

Keéshtu, moduli horizontal i reaksionit caktohet me shprehjen né vijim:

b = i Foti (15)
Ol

ku jané:

E def

- moduli 1 defomimit t€ tokés [MPa]
o, - ngarkesa njétrajtésisht e shpérndaré e cila vepron né€ segmentin e i-t€ konstruksionit mbajtés
[MPa]

ol - ndryshimi total i sforcimit n€ segmentin e i-t€ prapa konstruksionit mbajtés [MPa x m]

Ndryshimi i sforcimeve brenda trupit té tokés pércaktohet sipas Boussinesq-ut. Vendosja e vlerés

sére té k -sé direkt né llogaritjen tjetér do té shkaktonte njé pérséritje t€ pagéndrueshme - prandaj
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vlera e k -s€ qé futet n€ analizén tjetér t€ gropés ndértimore pércaktohet nga vlera origjinale e k,

-s€ dhe vlera e re e k,-s€ e modulit t€ reaksionit t€ tokeés.
k=k,+025(k,—k,) (16)

ku jané:
k, - vlera e paraprake e modulit t& reaksionit [MN/m?]
k,- vlera e re e modulit t& reaksionit [MN/m?]

Vlera maksimale e modulit t& reaksionit n€ segmentin e i-t€ &shté e kufizuar nga vlera si n€ vijim:

kmax,lp = 1O‘E'alef,i (17)

Reduktimi i ngarkesés e cila vepron né sipérfagen e terrenit me rritjen e thellésisé, varet nga

fortésia strukturore e tokés, e cila zakonisht shprehet me koeficientin m .

Tabela 1: Viera orientuese té koeficietit té fortésisé strukturore (m ) pér lloje té ndryshme té
tokés

Type of fundamental soil m

Very compressible fine soils class F1 -F8 0.1
- with deformation modulus Eger < 4 MPa

- non overconsoludated

- soft to hard consistency

(all 3 attributes must be fulfiled),

filling, made - ground

secondary and tertiary sediments

rocks class R1, R2

fine soils class F1-F8, not belonging to coefficient 0.2
m =0.10r0.4 or 0.6

sands and gravels class S1, S2, G1, G2 under GWT

rock class R3, R4

Sands and gravels class 81, 82, G1, G2 0.3
above GWT

sands and gravels with clay, silt or fine soil admixture

soils class S3, 84, S5, G3, G4, G5

rocks class R5, R6

eluvium of igneous and metamorphic rocks 0.4
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6. Pérshkrimi i modeleve té tokés: Linear-elastik dhe Elasto-plastik (Mohr-
Coulomb)

N¢ inxhinieriné gjeoteknike, modelet e tokés jan€ mjete t&€ domosdoshme pér t€ vlerésuar sjelljen
e materialeve t€ ndryshme t€ dheut dhe pér t€ dizajnuar struktura g€ mund t€ pérballojné ngarkesat
pa u déshtuar. Modelet e ndryshme t€ tokés mund t& pérdoren pér té simuluar sjelljen e tokés nén
ngarkesa t€ ndryshme dhe pér t€ parashikuar déshtimin e mundshém té tokés nén kushte specifike
té ngarkesave. Dy nga modelet mé t€ njohura dhe t€ pérdorura pér pérshkrimin e sjelljes s€ tokés
jané modeli linear-elastik dhe modeli elasto-plastik (i njohur gjithashtu si modeli Mohr-Coulomb).
Ky 1 fundit ésht€ shumé i réndésishém pér analizat e déshtimit t€ materialeve t€ dheut dhe

stabilitetin e strukturave.

6.1.Modeli linear-elastik

Modeli linear-elastik €shté njé model shumé i thjesht€ qé pérdoret pér t€ pérshkruar sjelljen
elastike té materialeve qé€ nuk kalojné né nj€ fazé plastike, pra materialeve q€ kthehen né gjendjen
e tyre origjinale pas aplikimit t&€ njé ngarkese. Ky model éshté i bazuar né ligjin e Hooke-it, i cili
thoté se deformimi €shté direkt proporcional me forcén e aplikuar, deri né nj€ kufi t€ caktuar, kur
materiali éshté ende né njé gjendje elastike. Né kété model, moduli i ngurtésisé (E) dhe Poisson
ratio (v) jané parametra té réndésishém qé pérshkruajné sjelljen elastike té tokés (Das, 2016).

Ky model pérdoret kur toka, pér shkak té€ ngarkesave t€ aplikuara, tregon deformime té
pakthyeshme t€ cilat jané proporcionale me ngarkesén. Pér materialet ¢ mund té trajtohen me
kété model, ngarkesat e aplikuara jané t€ mjaftueshme pér té€ shkaktuar deformime elastike, por
nuk jané t€ mjaftueshme pér t€ shkaktuar ndonjé déshtim plastike. Pérdorimi 1 kétij modeli €shté i
pérshtatshém pér tokat g€ jané t& forta dhe t€ ngurta dhe qé nuk kalojné né nj€ gjendje plastike pér
shkak té ngarkesave t&é zakonshme.

Né kontekstin e pérdorimit té tij pér t&€ pérshkruar sjelljen e tokés, modeli linear-elastik éshté mé i
pérdorur pér materialet q€ kané njé sjellje elastike t€ dukshme dhe ku ngarkesat e aplikuara jané
relativisht t€ vogla. Ky model mund t€ jet€ shumé efikas pér analiza t€ thjeshta dhe pér pérshkrime
té materialeve t€ forta dhe elastike, si dhe pér tokat e ngurta, pér shembull, dheut té zhavorrit ose

dheut té betonit té forté.
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6.1.1 Karakteristikat kryesore té modelit linear-elastik

Deformimet jané té€ pakthyeshme dhe proporcionale me forcén e aplikuar (Das, 2016).

Moduli i ngurtésis€ (E) dhe Poisson ratio (v) pérshkruajné sjelljen elastike té tokés.

Pérdoret pér tokat qé nuk kalojné€ né gjendje plastike dhe pér ngarkesa qé jané t€ vogla ose té
mesme.

Ky model éshté efikas pér llogaritjet e thjeshta dhe pérdoret pér materialet g€ nuk kalojné né njé
fazé t& déshtimit plastike.

Modeli linear-elastik pérdoret pér shumé lloje tokash dhe materialesh q€ jané elastike dhe qé
reagojné né ményré t&€ géndrueshme ndaj ngarkesave pa kaluar né€ njé€ gjendje plastike (Das &

Ramana, 2014).
6.2 Modeli elasto-plastik Mohr-Coulomb

Modeli elasto-plastik €sht€ mé kompleks dhe pérdoret pér pérshkrimin e materialeve g€ mund té
kalojné nga njé fazé elastike né€ njé fazé plastike. Ky model éshté i bazuar né teoriné Mohr-
Coulomb, qé ofron njé ményré pér t€ pérshkruar déshtimin dhe kalimin e materialeve né njé
gjendje plastike. Ky model €shté i pérshtatshém pér tokat g€ jané mé t€ buta dhe g€ mund té
déshtojné nén ngarkesa t€ larta. Teoria Mohr-Coulomb pérshkruan si kalon njé material nga njé
gjendje elastike n€ nj€ gjendje plastike duke pé€rdorur dy parametra té réndésishém: kohezionin (c)
dhe kéndin e férkimit t&€ brendshém (¢) (Terzaghi & Peck, 1948).

N¢é kété model, deformimet plastike jané t€ mundshme pasi q€ materialet kalojné njé€ kufi t& caktuar
ngarkese, t€ njohur si kufiri i shpérthimit (yielding). Nése ngarkesa vazhdon t€ rritet, tokat do té
kalojné nga njé gjendje elastike n€ njé fazé plastike dhe deformimet do t€ béhen té pakthyeshme.
Ky kalim nga njé gjendje elastike né njé gjendje plastike €shté njé element i réndésishém i
modeleve té€ elasto-plastikés dhe €shté esencial pér pérshkrimin e sjelljes sé tokés nén ngarkesa té
larta. Ké&to ngarkesa mund té shkaktojné shembje, rréshqitje, ose pérkeqésim té strukturés s€ tokées
(Atkinson, 2007).

Né kété model, kufizimi i déshtimit (i njohur si kufiri 1 shtrirjes) tregon kur materialet kalojné nga
njé fazé elastike né njé fazé plastike. Ky kufizim €shté shpesh i1 pérshkruar nga njé€ sipérfaqe
shpérthimi g€ €shté e lidhur ngushté me kéndin e férkimit dhe kohezionin. Njé element tjetér 1
réndésishém né kété model éshté kohezioni i brendshém i tokés, i cili Eshté njé masé e forcés q€ e

mban t€ ngushté materialin dhe q€ ndihmon né shmangien e rréshqitjeve dhe shembjeve.
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6.2.1 Karakteristikat kryesore té modelit elasto-plastik

Deformimet plastike jané t&€ mundshme dhe ndodhin kur ngarkesat kalojné nj€ kufi t€ caktuar.
Pérdoret pér tokat qé jané mé t&é buta dhe q€ mund té€ kalojné né gjendje plastike.

Kohezioni dhe kéndi i férkimit té brendshém (¢) jané parametra t€ rénd€sishém qé pérshkruajné
sjelljen plastike t& tokés.

Ky model pérdoret pér analizén e stabilitetit t€ dheut, si dhe pér pérshkrimin e kushteve t&€ déshtimit
té materialeve t€ dheut, si¢ jané shembjet dhe rréshqitjet (Smith & Griffiths, 2007).

Teoria Mohr-Coulomb &shté e réndésishme pér té€ pérshkruar sjelljen e tokés q€ mund té kalojé
nga njé fazé elastike né njé fazé plastike, sic ndodh n€ shumé lloje dhe materialesh té dheut té but¢,
ku ndryshimet n€ ngarkes€ mund té shkaktojné déshtime t€ médha dhe 1€vizje té tokés. Ky model
€shté 1 pérdorur gjerésisht pér analizat e stabilitetit t€ shtresave t€ dheut dhe pér pércaktimin e
kushteve qé mund té shkaktojné rréshqitje dhe shembje té materialeve t€ dheut né kushte té
ngarkesave té larta.

Pérshkrimi 1 modeleve té tokés, si modelet linear-elastik dhe elasto-plastik (Mohr-Coulomb), éshté
thelbésor pér t€ kuptuar dhe menaxhuar sjelljen e tokés nén ngarkesa t€ ndryshme. Modeli linear-
elastik éshté i thjeshté dhe efikas pér analiza té thjeshta kur materialet reagojné né¢ ményré elastike
dhe kthehen né gjendjen e tyre origjinale pas heqgjes sé ngarkesés. Né anén tjetér, modeli elasto-
plastik €sht€ mé i pérshtatshém pér analiza t€ ngarkesave t€ médha dhe pér materialet g€ mund t&
kalojné nga njé fazé elastike n€ nj€ faz€ plastike, t€ cilat mund t&€ shkaktojné shembje dhe rréshqitje.
Pér zgjedhjen e modelit mé t& pérshtatshém pér analizén e sjelljes sé tokés, Eshté e réndésishme té
kuptohet lloji i tokés, ngarkesat g€ do t& aplikohen dhe pérmasat e déshtimit g€ mund t& ndodhin

né kushte t€ ndryshme.
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7. Rasti studimor — Sigurimi I njé grope ndértimore me thellési h > 20 metra

7.1 Pérshkrimi I projektit

N¢ aférsi t€ rrugés “Ukshin Hoti”, né lagjen Lakrishte, ne qytetin e Prishtinés, parashihet
ndértimi 1 objektit afarist-banesor SB+S+P+15 me investitor privat. Né lokacionin né fjalé jané
kryer paraprakisht hulumtimet gjeomekanik me ¢’rast jané béré 5 shpime gjeomekanik thellésie
30 m dhe nga testimet laboratorike jané fituar parametrat gjeomekanik té tokés t&€ nevojshme pér
analizén gjeostatike té€ themeleve dhe projektin e stabilizimit t€ gropés ndértimore. Pér
stabililizimin e gropés ndértimore €shté paraparé t€ pérdoren diafragma betonarme trashésie h=0.8
m, gjerésia b=2.5 m dhe gjatésie 1=32.0 m. Diafragmat betonarme duhet t€ vendosen né katér
pjesé t€ gropés ndértimore, né perimetér prej aférisisht 219.7 m. Varésisht nga pozicioni i
diafragmave, ato duhet t€ pérforcohen 3, respektvisht 6 rreshta t€ ankerave té paranderur, si¢ €shté
paraqitur né situacionin e gropés ndértimore dhe tek prerjet karakteristike né pjesén e shtojcés.
Hapja e diafragmave té béhet nga kuota +578.00 m, né t& gjitha pozitat e gropés ndértimore.
Diafragmat t€ hapen né€ largési prej 1.1 m nga vija e themelit t& objektit né dy anét ndérsa né dy

ané t€ tjera 0.1 metér nga vija e themelit shkaku I objekteve fqinje.

7.2 Analiza gjeoteknike e diafragmave

Analiza gjeoteknike e diafragmave betonarme €shté béré me metodat analitike me programin
GEOS5 2024 (moduli Sheeting Check). Pér llogaritjen e presioneve aktive dhe pasive t€ tokés €shté

aplikuar metoda e Caquot-Kerisel-it. Parametrat e rezistencés s€ tokés ¢ dhe ¢ nga elaborati

gjeomekanik jané fituar sipas modelit t& Mohr-Kulonit. N& shtojcat pérkatése jané dhéné
diagramet e presioneve aktive dhe pasive t€ tokés né diafragmat betonarme, ndikimet statike M
dhe T si dhe forca né ankerét e paranderur. Analiza e stabilitetit global t€ gropés ndértimore €shté
béré me metodén e Morgenstern-Price-it né GEOS. me ¢’rast pér t€ gjithé tipet e pilotéve éshté
fituar faktor 1 mjaftueshém 1 sigurisé€ 1 kérkuar sipas normave EC-7.

E gjith€ analiza e gropés ndértimore €shté€ e bazuar né normat e EC7 DA3.

Né tabelén mé poshté, jané paraqitur parametrat karakteristik t€ dherave t€ pérdorur gjaté
modelimit t€ gropé€s ndértimore. Parametrat karakteristik mé pas jané faktorizuar me faktorét
parcial sipas EC-7 DA3. Analiza sforcim-deformim e gropés ndértimore &shté e bazuar né

parametrat efektiv t€ shtresave t€ tokés t€ fituara nga shqyrtimet laboratorike.
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N¢E analizén elastoplastike me programin GEOS5 &shté pérvetésuar modeli fort€sues 1 tokés
(Hardening Soil Model)-analizé jolineare. Jané pérvetésuar faktoré parcial sipas EC7 DA3
(tabela 3).

sforcimi deviatorik

1-03
A |G ? I Asimptota

G [ [ S
qr

el

Figura 18. Situacioni I ngushté
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Gjaté projektimit t&€ diafragmave betonarme, jané béré verfikime t€ probleme t€ ndryshme qé

mund té paraqiten né€ njé grope ndértimore, prej té ciléve dallojm:
e deformimin horizontal t€ gropés ndértimore,
e uljet e dheut né af€rsi t€ pilot€ve betonarme,
e thyerjen e tokés né nivelin e gérmimit,
e thyerjen hidraulike té tokés né nivelin e gérmimit,
e mobilizimin e presioneve pasive,
e stabilitetin lokal dhe afté€siné mbajtése e ankeréve,

e stabilitetin global t& gropés ndértimore, dhe

aft€sin€ mbajtése té€ diafragmave dhe dimensionimin e tyre.

Né tabelén mé poshté, jané paraqitur parametrat karakteristik t€ dherave té pérdorur gjaté

modelimit t€ gropés ndértimore.

Tabela 2. Parametrat karakteristik té tokés té pérdorura né analizén gjeoteknike

Shtresa e tokés | y[kN/m’] | ¢'[kPa] | ¢,[kPa] | ¢[°] | v Eso[kPa | Ey"f[kPa
1. Humus 19.6 50.0 139.0 18.0 |0.33 |3000 (Eoea) |-

2. CL 20.4 17.0 59.0 35.0 |0.33 |3560.0 15280
3.GC 22.0 3.0 - 33.0 |0.33 | 6100 72450

4. CL 21.0 10.0 123.0 31.0 |0.33 |5250 28400

5. CL 21.0 30.0 139.0 23.0 |0.33 |6530 23120
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Tabela 3.Faktor parcial sipas EC7 (GEO/STR)

Faktorét parcial pér GEO/STR né situata té projektimit té vazhdueshém dhe kalimtar
Pjertésité, themelet dhe muret
Qasja e Kombinimi 1 2 2 ! 2 2
projektimir 1 Kombinimi 2 2 2
Qasja e projektimit 2 : 2 ! ] 4
Qasja e projektimit 3 ! : 2 2 :
Grupet e faktoréve parcial Al A2 | Ml | M2 | RI R2 R3
Ngarkesat e Disfavorshme | Vs 1.35 | 1.00
pérhershme (G) Favorshme Vefav | 1.00 | 1.00
Nearkesat e Disfavorshme | 7q 1.50 | 1.30
pérkohshme (Q) Favorshme Vafav 0 0
Koeficienti i rezistencés né _

g - / 1.0 | 1.25
prezje (tan )
Kohezioni efektiv (c") Ve 1.0 | 1.25
Forca né té lagésht (cy) Veu 1.0 14
Rezistenca jo e mbyllur (jo e . 10 14
izoluar) né shtypje (qu) S ' '
Pesha véllimore () 7 1.0 1.0
Rezistenca e mbéshtetjes (Ry) VR 1.0 14 1.0
Rezistenca né rréshqitje (Ry) /R 1.0 1.1 1.0

1.0 1.0
Rezistenca e toké&s ...muret i
e . st ae /Re ].4
mbrojtése ...pjerrésité ‘
1.1

Ankerat e paranderur Va 1.1 1.1 1.0

7.3 Ekzekutimi I diafragmave prej betonit té armuar

Diafragmat prej betoni t€ armuar pérfagésojné njé nga zgjidhjet mé t€ avancuara pér sigurimin e
gropave ndértimore shumé té thella, vecanérisht né zona urbane dhe né prani t€ ujit néntoké&sor.
Ato realizohen si elemente vertikale t&€ vazhdueshme, té ndértuara paraprakisht né toké, té cilat
shérbejné njé€kohésisht si strukturé mbajtése gjaté gé€rmimit dhe si pjesé pérbérése e strukturés

pérfundimtare té€ objektit.
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7.3.1 Muret udhézuese (Guide Walls)
Procesi 1 realizimit té diafragmave fillon me ndértimin e mureve udhézuese prej betoni, té cilat
shérbejné pér orientimin e pajisjeve t& gérmimit dhe pér stabilizimin e shtresave sipérfagésore té

tokés.

hufra pérforcuese gjatésore hufra pérforcuese gjatésore
}‘ s+5cmﬁ+ 8 fi 10 mm. }‘ s+5cmﬁ+ 6 fi10 mm.

. s | .
8 | ] il ﬂ 1
o o
o | I b

04— }—25.0
Stafa fi 10 mm /33 cm Stafa fi 10 mm /33 cm
20.04— }—+20.0
Tokg pa kohezion Toké me kohezion
S

Figura 19. Muret Udhézuese

7.3.2 Gérmimi i panelit té diafragmés

Gérmimi realizohet né€ panele individuale duke pérdorur pajisje té specializuara. Gjaté gérmimit,
hendeku mbushet me Ilum bentoniti, i cili siguron stabilitetin e fageve t€ gérmimit dhe parandalon
shembjen e tokés.

Léngu I trashé formon njé€ shtresé té trashé n€ muret e kanalit, I cili I balancon forcat hidraulike té
brendshme dhe parandalon rrjedhjen e ujit né€ kanal.

Kapéset jan€ mjete gérmimi pér murin e diafragmés q€ pérb&hen nga dy nofulla té cilat mund té
happen dhe mbyllen pér t&€ mbledhurprerjet dhe pér t'i nxjerré ato nga kanali 1 gérmuar.

Profilet e jashtme té nofullave jané té pajisura me dhémbé pér té preré tokén.

Cikli i punés s€¢ gérmimit fillon me kapésen e hapur t€ mbéshtetur né toké: falé peshés dhe
shpejtésisé sé mjetit, dhémbét depértojné né€ toké. Duke aktivizuar sistemin e mbylljes, kapésja
gérmon tokén dhe

mban njé pjesé€ t€ saj brenda nofullave. Rregullimi i dhémbéve né€ nofulla éshté zakonisht njé
numér tek dhémbésh né njérén nofull dhe njé numér ¢ift dhémbésh né tjetrén, pér té siguruar
mbyllje perfekte. Konfigurimi asimetrik i nofullave tenton té devijoj€ nga drejtésia dhe pér kété
arsye kapési nuk pérdoret gjithmoné né t€ njéjtin drejtim, por alternuar né t€ dy drejtimet: sa heré
q¢ kapési ulet né gérmim, ai rrotullohet me 180°.

Kapési ngrihet me nofullat e mbyllura dhe dheu shkarkohet né njé zoné té caktuar. Cikli i punés

pérséritet disa heré derisa gérmimi t€ jet€ pérfunduar. Panelet primare gérmohen sé pari dhe
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panelet sekondare ndértohen midis paneleve primare t€ murit t€ diafragmés. Pasi paneli té jeté
gérmuar, para betonimit, 1€éngu mbéshtetés i slurit duhet t€ pastrohet dhe t€ rifreskohet né ményré

q¢€ dendésia, pérmbajtja e rérés, viskoziteti dhe pH i tij t& jené brenda niveleve té specifikuara.

Gérmimi i diafragmave, rendi tek.

1 I 1 1
| Gérmimi i panelit tek | I Gérmimi i panelit tek I

Vendosja e tubave anésor nga metali, vendosja e
kafazit t& armaturés dhe betonimi i diafragmave tek.

] D,

Heqja e paneleve anésore té metalit.

N
N/
N

| i
Vendosja ¢ kafazit 1& armaturés

dllw betonimi i diafragmave gift.

UMAR AR UMD

Figura 20, Gérmimi I panelit té diafragmés
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7.3.3 Vendosja e kafazit té armatures

Pas arritjes sé thellésisé s¢ projektuar, n€ hendek vendoset kafazi i armaturés sé parapérgatitur.
Armatura projektohet pér t&€ pérballuar momentet pérkulése dhe forcat prerése qé€ veprojné mbi

diafragmén gjaté fazave t€ ndértimit.

2. Gérmimi 3. Pastrimil 4. Vendosja e 1. Betonimi
hapjes armaturés
L 3
[

|
|
]
B
|
B

Figura 21. Procesi 1 punimit té diafragmave

7.3.4 Betonimi me metodén Tremie

Betonimi realizohet me metodén Tremie, ku betoni derdhet nga fundi 1 hendekut drejt sipérfages.
Gjaté kétij procesi, betoni zhvendos gradualisht llumin e bentonit, duke siguruar betonim té

vazhdueshém dhe pa segregim.

Eshté e obligueshme t& béhet monitorimi i zhvenosjeve horizontale té diafragmave betonarme
né disa pozicione t€ ndryshme pérgjat€ perimetrit t€ gropés ndértimore té stabilizuara mé
diafragma, si dhe monitorimi i uljeve té terrenit n€ aférsi t€ saj. Gjithashtu, duhet t€ béhet testimi
i ankerave t¢ paranderur té€ paktén 10 copa nga secilit rend, n€ pozicione péraférsisht té
barazlarguar. Nése nga monitorimi i gropés ndértimore vérehen devijime té konsiderueshme nga

rezultatet e projektimi, at€heré duhet t€ béhet analiz€ kthyese (eng. “Back Analysis”).
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7.4 Dimensionimi i diafragmés
Momentet maksimale t€ pérkuljes té fituara nga llogaritja me GEOS té diafragmés.
Duhet qé kushti 1 géndrueshmérisé né€ pérkulje t€ plotésohet.

Mgg < Mpgq (1

8)

Name : Dimensioning Stage - analysis : 1 -1
Displacement Bending moment Shear force
Min1 = -19.0; Min2 = -134.6mm Min1 = 0.00; Min2 = -2015.02kNm/m Min1 = 0.00; Min2 = -352.48kN/m
Max1 = 15.3; Max2 = -9.6mm Max1 = 477.57; Max2 = -45.01kNm/m Max1 = 512.06; Max2 = -10.94kN/m
0.00 o 0.00 0.00 000
1.00 s 1.00 1.00
2.00 f 2.00 2.00
3.00 300
400 400
500 500 -
600 600
7.00 7.00
8.00 8.00
9.00 9.00 1582
1000 1000
11.00 11.00
12,00 1200 Tasia
13.00 13.00
14.00 14.00
15.00 15.00
16.00 16.00 1756
17.00 17.00
18,00 1800 1545
> 19.00 19.00 —eo7eh
Ao K N 20.00 20.00
*Q\gé s 21.00 21.00
%&g 22087150 22.00 a1
S 23.00 23.00
%gf&&ﬁ 2400 2400
: é%?X 2500 2500
é%k/)i;( 26.00 26.00 3524
ggi,ié%{/\ 27.00 27.00
i&‘é\g 28,00 28,00
et 2900 2900
psetaeiet et
g s 3000 3000
K%X%%/%%« 3100 3100
| | 32.00\ | | | 32.00\ | | ]
L hs00 l2soobo T T T T hsoo00 250000 T T T T o L 2500.00
[mm] [kNm/m] [kN/m]
Figura 22. Ndikimet statike n€ diafragmén betonarme
Zhvendosja maksimale Omax=  -134.6 mm
Zhvendosja minimale Omin= 15.3 mm

Momenti maksimal i perkuljes Meiqmax = 477.57 kNm/m
Momenti minimal i perkuljes Meamin = -2015.02 kNm/m

Forca transversale maksimale Veamax = 512.06 kN/m
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7.4.1 Dimensionimi i diafragmés nga pérkulja (EC2)

T€ dhénat hyrése :
Trashésia e diafragmés:
h =80
Gjerésia llogaritése :

b = 1000 mm, (llogaritja béhet pér njé metér t&€ murit)
Betoni :

C—30/37 Mpa
Armatura :

B500B
Momenti maksimal :
Mea =2015,02 KN*m/m
Forca prerése :

Vea =512.05 kKN/m

Rezistenca projektuese e celikut :

500

fya = 2% = 434782 MPa

Shtresa mbrojtése :

¢ =40 mm

Lartésia statike :

d=h-d; =800— (40 + 10 +25/2) = 737.5 mm
Llogaritja e sipérfages s€ armaturés :

ATel — _Mea  _ 2015.02%10°

1= = = 6982.37 mm?
S zxd* fyq 0.9%737.5%434.782

Pérvetésojm : @25 mm
Ag=025=491 mm?

Numri i shufrave pér 1 metér :

AZ?  6982.37 mm?2

AP20 491 mm?2

n= = 14.22 copé

Pérvetésojmeé : 14.22 * 2.5 m = 36 copé pér 2.5 metér gjatési.
Armatura minimale :

Ag min = 0.0013 b * d = 0.0013 * 1000 * 737.5 = 958.75 mm?2/m

Armatura e kérkuar éshté shumé mé e madhe se sa armatura minimale.

(19)

(20)

1)

(22)

(23)

24)

(25)

(26)
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7.4.2 Dimensionimi i diafragmés né prerje (EC2)

Vgq = 512.05 kN/m
Pér diafragmé 80 cm zakonisht kushti plotésohet pa armaturé shtes.

Formula sipas eurokodit :

1

0.18 0.18
CRd,C = T = E = 012
k=1+ [=2=152

As _ 6982.37

P = = = 0.009 <0.02
by *d 1000%737.5

Vede = |Crac* k* (100 % @ fu)'/3 |+ by +d = [012 x 1.52 % (100 + 0.009 *

30)"/3 ] x 1000 * 737.5 = 403.56 kN /m

Vea = Vrac
512.05kN/m < 403.56 kN/m
Pérvetésojm : @10 mm, me Asw = 79 mm? , n = 6 prerése

Armatura térthore shtesé €shté e nevojshme.

s = o Agw*Z* fywa*Cotl  6%79%0.9%62.5+434.782+1
w Vea—Vrdc T (512.05-403.56)+ 103

= 106.85mm

Pérvetésohet @10 mm / 100 mm.

27)

(28)

(29)

(30)

€2y

(32)

(33)

(34)
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Peérvetésimi I Armaturave

Armatura pér armimin e diafragmave duhet té jet€ e pastér dhe pakoroduar (sipas standardit

pérkatés).
» Diafragmat “TIPI 3” - L=32.0 m h=0.80 m jan¢ t¢ armuar me armaturé gjatésore 36025
mm nga celiku BS00B dhe t€ lidhur me stafa @10 me hap 100 mm.Sasia e nevojshme e

armaturés pér armimin e njé€ diafragme éshté 7712.76 kg;

R=1:25
6 R@10/10, 7 R@10/10
118225
Y. 9 2RE16
9 2R®16
. 8 R@10/10
o 9 2R@16
o0 9 2R@16
4 @10110
L » L » [ ] ’ y » . L L ] » ) ®* ¢ ®
118925
4 @10/10 6 R@10/10
; 250.0 L
1 . 1
240
[+0]
s
o
~
fb@
© 240
6 RG10 L=636 (320)
25 35 35 10
)
7.
7; 7
o
R 2 R ~ ~ ~
(%)
25 35 35 0 "
7 R@10 L=120 (320) 4 @10 L=232 (640) 4210 L=232 (640) 8 RO101=118 (320)

Figura 23. Detali I armimit t¢ diafragmés
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7.5 Kontrollimi I ndikimeve duke u bazuar né Eurocode

Diafragma e projektuar duhet té€ plotésojé kushtet e stabilitetit global, duke pérfshiré rréshqitjen,
rrotullimin dhe stabilitetin e fundit t€ gérmimit. Po ashtu, jan€ verifikuar gjendjet kufitare té
shérbimit, si zhvendosjet horizontale, rrotullimet dhe uljet e tokés pas diafragmés, né ményré qé

té garantohet siguria e objekteve pérreth. Gjendjet kufitare t€ qéndrueshméris€ jané kontrolluar

sipas Eurokodit pér betonin e armuar dhe gjeoteknikén.

7.5.1 Stabiliteti Global

d) Rréshqitja ¢) Rotullimi

ST
\\\\\\\\\\
\\\‘\\\\\\
[
\\\\\\\\\\\“‘\

T T T T T T
!

\

e

\

\
VLY
IR

a) Kapaciteti mbajtés b) Stabiliteti I thellé

Figura 24. Format e stabilitetit global
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7.5.2 Stabiliteti ndaj rréshqitjes
Kushti bazg pér stabilitetin ndaj réshqitjes duke u bazuar né EC7 :
XFa= YR (35)

:

[\

\
ARRRN

/

i

/

[

/,

/
/

Figura 26. Stabiliteti ndaj rréshqitjes
Forcat té cilat punojné nga ana e destabilizimit t€ murit :
e Presioni aktiv I tokés
e Ngarkesa sipérfagésore

Eqa= 3% Kgx yx H? (36)

K, = tan? (450 — %) (37)

Z E;= Ry + Ryz + Rys + Rys + Rys = 80.22 + 223.005 + 2460.15 + 2465.13

= 5228.505 kN
Forcat té cilat punojn€ nga ana e stabilizuese e murit :
e Forcat e ankerave

e Presioni pasiv — I reduktuar, sipas EC7

LT (38)
ZFz Fd1+ Fd2+ Fd3+ Fd4+ Fd5+ Fd6+ Rpl

= 240.53 + 642.74 + 910.22 + 1226.66 + 1352.9 + 1143.14 + 2299.44
= 7815.63 kN

Y2F; = >Ry =7815.63 kN > 5228.505 kN —

plotésohet kushti i stabilitetit ndaj rréshqitjes.
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7.5.3 Stabiliteti ndaj rrotullimit

Kushti bazé pér stabilitetin ndaj rrotullimit duke u bazuar né EC7 :
2 Mspa = X Masea 39)

Momentet té cilat punojné nga ana e destabilizimit t€ murit :

H
Mgse = Egq * 3 (40)
Momentet t€ cilat punojné nga ana e stabilizimit te murit :

Mgy, = 2(Tq, * 2;) (41)

Ku: z; = krahu I ankerit ndaj bazés
Mgys = 80.22 % 19.1 + 223.005 * 16.53 + 2460.15 * 7.18 + 2299.44 % 5.933
= 36524.93 kN *m
Mgy, = 2465.13 x4.21 + 1143.14 % 3.6 + 13529 * 7.1 + 1226.66 * 10.6 + 910.22 * 14.1
+ 642.74 % 17.6 + 240.53 * 21.1 = 66323.19 kN *m

Z Mty g = Z Mg g = 66323.19 kN *m = 36524.93 kN * m — kushti plotésohet.

7.5.4 Stabiliteti I fundit té gropes (Basal heave)

Stabiliteti 1 fundit t€ gropés €shté kontrolluar pér gjendje t&€ padrenuar, duke pérdorur parametrat
e kohezionit t€ padrenuar té shtresave argjilore. Faktori 1 siguris€ rezulton mé i madh se kufiri
minimal i rekomanduar.”

Gjendja e padrenuar

Ne* ¢y
FS =~ (42)

Ku:
N. — koeficent nga faktori i ngarkesés I cili lexohet né tabela.
pér kéndin e férkimit té brendshém

@ = 21° — lexohet vlera e faktorit té ngarkesés N, = 21

N.x ¢ 21*30""—1\2’
FS = - H“: A m- _ _ 130
v 21 3%231m

49




7.5.5 Gjendja kufitare e pérdorimit ULS

Gjendjet kufitare t€ géndrueshmérisé (Ultimate Limit States — ULS) lidhen me rrezikun e déshtimit
strukturor ose gjeoteknik dhe pérfagésojné situata né té cilat struktura ose toka pérreth saj mund
té humbasé aftésiné mbajtése ose stabilitetin e pérgjithshém. Qé&llimi i verifikimeve né ULS &shté

té sigurohet qé edhe nén veprimet mé t€ pafavorshme té ngarkesave, sistemi t€ mos arrijé gjendje

kolapsi.
NEé rastin e diafragmés s€ pérforcuar me ankera, verifikimet né gjendje kufitare t€ géndrueshmérisé
pérfshijné:

. stabilitetin global t€ sistemit ndaj rréshqitjes dhe rrotullimit,

. stabilitetin e fundit t€ gropés ndértimore,

. rezistencén strukturore té diafragmés ndaj pérkuljes dhe prerjes,

. verifikimin e kapacitetit mbajtés t€ ankerave ndaj képutjes sé ¢elikut dhe déshtimit

t€ aderencés toké—cimento.
Kéto verifikime kryhen duke pérdorur vlerat e dizajnit t€ ngarkesave dhe rezistencave, té pérfituara
pérmes aplikimit té faktoréve parcialé t€ sigurisé, sipas metodés s¢ projektimit t€ pércaktuar né

Eurokod.
7.5.6 Gjendja kufitare mbajtése SLS

Gjendjet kufitare mbajtése (Serviceability Limit States — SLS) lidhen me sjelljen funksionale dhe
deformuese t€ strukturés, pa arritur déshtim ose kolaps. Né kéto gjendje, struktura konsiderohet e
sigurt nga ana e rezistencés, por kérkohet g€ deformimet dhe zhvendosjet t€ jené brenda kufijve té
pranueshém, né ményré g€ t€ mos shkaktohen démtime né veté strukturén ose né€ objektet dhe
infrastrukturén pérreth.

Pér diafragmén betonarme me ankera, verifikimet né SLS pérfshijné:

. zhvendosjet horizontale maksimale t€ diafragmés,

. rrotullimin e murit mbajtés,

. uljet e tokés pas diafragmés dhe shtrirjen e zonés sé ndikimit,

. kontrollin e carjeve né elementét betonarme, né rast se diafragma shérben si

strukturé pérfundimtare.
Kéto verifikime jané veganérisht té rénd€sishme né kushte urbane, ku deformimet e tepérta mund
té ndikojn€ negativisht n€ stabilitetin dhe funksionalitetin e ndértesave ekzistuese prané gropés

ndértimore.
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7.5.7 Zhvendosja horizontale e diafragmés

Zhvendosja maksimale horizontale e diafragmés rezultoi oh = 134.6 mm dhe €shté marré né fazén
pérfundimtare t&€ gérmimit pas aktivizimit té té gjitha niveleve té€ ankerimit. Kjo vleré &shté mé e
larté se intervalet orientuese t€ raportuara né literaturé pér gérmime té thella, por analiza tregon se
sistemi mbajté€s plotéson kushtet e stabilitetit. Deformimi i rritur lidhet me thellé€siné e
konsiderueshme t€ gérmimit (23.1 m) dhe karakteristikat gjeoteknike té terrenit.

Rezultatet tregojné se paratensionimi i ankerave ul ndjeshém zhvendosjet horizontale té&
diafragmés, duke pérmiré€suar ndjeshém sjelljen n€ gjendje shérbimi.

S, <(0.2—-0.5)%*H (43)
Pér diafragma me H > 20 metra

8p, < (40 —100) mm (44)
7.5.8 Rrotullimi I diafragmés

&p

6=~ (45)
Kufiri : < — deri —
500 1000
7.5.9 Uljet e tokés pas diafragmés
8, <(0.3-05)%=*H (46)

Nga analizat e kryera rezulton se sistemi i sigurimit t€ gropés ndértimore me diafragmé dhe ankera
plotéson kushtet e stabilitetit global, gjendjet kufitare t€ qéndrueshmérisé dhe gjendjet kufitare té
shérbimit sipas Eurokodeve. Ankeri 1 pesté rezulton kritik dhe kérkon optimizim konstruktiv, gjé
qé tregon réndésiné e kombinimit t€ analiz€s numerike me verifikimet normative.

Faza e ekzekutimit té diafragmave “TIPI 3”:

e Faza 1: Ulja e terrenit deri n€ kuotén +578.00 m,

e Faza 2: Hapja e gropave té diafragmave deri né kuotén +546.00 m,

e Faza 3: Vendosja e armaturés s€ diafragmave dhe betonimi i tyre,

e Faza 4: Armimi, kallupimi dhe betonimi i traut té diafragmave me dimenzione
b/h=0.80/0.80 m,

e Faza 5: Gé&rmimi deri né kuotén +575.50 m dhe instalimi i ankerave t€ paranderur né
kuotén +576.00 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre

me forcé prej fp=400 kN pér anker,
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e Faza 6: Gérmimi deri né kuotén +572.00 m dhe instalimi i ankerave t€ paranderur né
kuotén +572.50 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre
me forcé prej =600 kN pér anker,

e Faza 7: Gé&rmimi deri né kuotén +568.50 m dhe instalimi i ankerave t€ paranderur né
kuotén +569.00 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre
me forcé prej =700 kN pér anker,

e Faza 8: Gérmimi deri né kuotén +565.00 m dhe instalimi i ankerave t€ paranderur né
kuotén +565.50 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre
me forcé prej £p=900 kN pér anker,

e Faza 9: Gérmimi deri né kuotén +561.50 m dhe instalimi i ankerave t€ paranderur né
kuotén +562.00 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre
me forcé prej =900 kN pér anker,

e Faza 10: Gérmimi deri né kuotén +558.00 m dhe instalimi i ankerave t€ paranderur né
kuotén +558.5 m, nén kénd prej 15°, né distance aksiale h=2.5 m dhe paranderja e tyre me
forcé prej f,=700 kN pér anker,

e Faza 10: GE&rmimi deri n€ kuotén maksimale t€ gérmimit +554.9 m.

Eshté e obligueshme t& béhet monitorimi i zhvenosjeve horizontale té diafragmave betonarme
né disa pozicione t€ ndryshme pérgjaté perimetrit t€ gropés ndértimore té€ stabilizuara mé
diafragma, si dhe monitorimi i uljeve té terrenit né¢ aférsi té saj. Gjithashtu, duhet té béhet testimi
i ankerave t€ paranderur t€ paktén 10 copa nga secilit rend, n€ pozicione péraférsisht té
barazlarguar. Nése nga monitorimi i gropés ndértimore vérehen devijime té konsiderueshme nga

rezultatet e projektimi, at€heré duhet t€ béhet analizé kthyese (eng. “Back Analysis”).
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7.6 Llogaritja e aftésisé mbajtése té ankerave

Pérshkrimi 1 sistemit té ankerimit

Pér stabilizimin e gropés ndértimore jané pérdorur ankera aktive paranderése té€ tipit permanent

anchor. Ankerat jané projektuar dhe verifikuar me programin GEOS, duke marré n€ konsideraté

kushtet gjeoteknike té terrenit, presionin aktiv té€ tokés dhe fazat e gérmimit.

Jané pérdorur ankera té tipit:

» VSL Permanent Anchor 0.6>> S 1860 MPa

» Celik paranderés me rezistencé karakteristike 1860 Mpa

Tabela 4.Karakteristikat gieometrike té ankerave

Rendi I | Kéndi (o) | Diametri(mm) | Numri i| Sip. Totale e | Distanca
anker fijeve (copé) | celikut (A1 =mm?) | ndérmjet
ankerave (m)
1 15° 150 6 150 2.5
2 150 150 6 150 2.5
3 150 150 6 150 2.5
4 150 150 7 150 2.5
5 150 150 7 150 2.5
6 150 150 6 150 2.5
Tabela 5. Karakteristikat gieometrike té ankerave
Rendi i ankerit | Free Lenght (m) | Bond lenght (m) | Gjatésia totale (m) | Forca
paranderése (kN)
1 12 16 28 400
2 12 16 28 600
3 12 20 32 700
4 12 20 32 800
5 12 20 32 800
6 12 20 32 700
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Figura 27. Dispozita e ankerave

Tabela 6.Nga analiza numerike né GEOS jané fituar forcat maksimale né ankera

Rendi 1 Ankerave Forca max F (kN) Rezistenca Rt (kN) Shfrytézimi (%)
1 507.79 1240 65.24
2 725.88 1240 75.08
3 942.33 1240 75.99
4 1269.94 1446.67 87.78
5 1400.63 1446.67 96.82
6 1183.47 1240 95.44
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7.6.1 Verifikimi I kapacitetit mbajtés té ankerave
Llogaritja béhet pér rendin e ankerit kritk: rendi 5
Aftésia mbajtése e kontaktit kavo-beton/¢cimento llogaritet si méposhté:
R =rndl,t (47)
ku jané:
d_-0.15 metra diametri 1 kavove metalike

[, - 20 metra gjatésia e pjesés ankeruese

7 - aftésia mbajtése né prerje né kontaktin kavo-beton/¢cimento
Sipas EN 1992-1-1 (EC2), aftésia mbajtése né prerje né kontaktin kavo-beton/¢cimento llogaritet

nga parametrat ¢ materialit t& betonit/¢cimentos, si né vijim:
T = 1201 fcta (48)
ku jané:
n, - koeficienti 1 kohezionit (1.0 pér kushte t€ mira t€ kohezionit, 0.7 pér rastet tjera)
f... - rezistenca projektuese né té€rheqje e betonit

fetk,0.05 — resistenca karakteristike né térheqje (5%)

fota = 400 = 22 = 1.333 MPa (49)

T=1.201fptqg = 1.2 % 0.7 x 1333 kN/m? = 1119.72 kN /m? kjo nuk &shté sjellja reale llag
cimentoje — toké (50)
Duke respektuar rregullat e EN 1537 pér kontaktin lla¢ ¢cimentoje — toké pérvetésohet

T =230 kPa

R, = md,l,T =3.14 % 0.15m * 20 m * 230 kN/m? = 2166.6 kN > 1400.63 kN (51)

- Rezistenca né képutje e kavove metalike shprehet si méposhté:

R=fA=fAn (52)
ku jané:

R - rezistenca né képutje e kavove metalike

f, - rezistenca né térheqje e materialit t&€ kavove

A, A - sipérfaqgja e prerjes térthore t&€ kavove té ankerite, pérkatésisht e njérés kavo

n - numri 1 kavove

R, = f,A = f,Ayn =186

kN
mm

~% 150 mm? * 7 copé = 1953 kN > 1400.63 kN (53)
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-Aftésia mbajtése e kontaktit anker-toké (nxjerrja e ankerite nga toka shprehet si méposhté:
R, =rdl,c_tang (54)

ku jané:

R, - aftésia mbajtése e kontaktit anker-toké

d - 0.15 m diametri i pjes€s ankeruese

[, - 20 m gjatésia e pjes€s ankeruese

o, = Y * z sforcimi gjeostatik né€ toké ku:
¥ — 21 kn/m? pesha véllimore e tokés
z —22.45 m thellésia deri te pjesa ankeruese

¢ -21°kéndi i brendshém i férkimit té tokés

0, = y*z=2117%2245m = 47145 = (55)
R, = ndlio,tang = 3.14 * 0.15m * 20 m * 471.45 % *tan21% = 1704.76 kN =
1400.63 kN (56)

Ankeri i rendi 5 ploté€son kushtin e siguris ndaj nxjerrjes nga toka.

Llaq 1 gementos 7 Fijet e ¢elikut

0.6" S 1860 MPa

7150 mm ~

Figura 28.Prerja térthore e ankerit té rendit 5
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Appendix A — GEOS Output Report
Modeli Numerik GEO 5
Llogaritje dhe rezultatet

Sheeting structure verification

Input data (Construction stage 1 - Gjendja Fillestare)

Data : 1/5/2026

Settings

Standard - EN 1997 - DA3 (2)

Materials and standards

Concrete structures : EN 1992-1-1 (EC2)
Coefficients EN 1992-1-1 : standard

Circle pile shear : simplified method
Steel structures : EN 1993-1-1 (EC3)
Partial factor on bearing capacity of steel cross section : ynpQ = 1.00

Timber structures : EN 1995-1-1 (EC5)
Partial factor for timber property : YM = 1.30

Modif. factor of load duration and moisture content :  kmod = 0.50

Coeff. of effective width for shear stress : ker=0.67

Pressure analysis

Verification methodology : according to EN 1997
Active earth pressure calculation : Coulomb

Passive earth pressure calculation : Caquot-Kerisel

Analysis method : dependent pressures
Earthquake analysis : Mononobe-Okabe
Modulus of subsoil reaction : standard

Consider reduction of the modulus of subsoil reaction for a braced sheeting
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Design approach : 3 - reduction of actions (GEO, STR) and soil parameters

Partial factors on actions (A)

Permanent design situation

State STR State GEO

Unfavourable  Favourable Unfavourable  Favourable
Permanent actions : vG= 1.35 [-] 1.00 [-] 1.00 [-] 1.00 -]
Variable actions : yQ= 150 [-] 0.00 -] 1.30 [-] 0.00 -]
Water load : Yw = 1.00 [-]
Partial factors for soil parameters (M)
Permanent design situation
Partial factor on internal friction : Yo = 1.25 -]
Partial factor on effective cohesion : Yo = 1.25 -]
Partial factor on undrained shear strength : Yeu = 1.40 -]
Partial factor on Poisson's ratio : Vv = 1.00 -]
Partial factors for variable actions
Permanent design situation
Factor for combination value : yo = 0.70 [-]
Factor for frequent value : Yl = 0.50 [-]
Factor for quasi-permanent value : Yo = 0.30 [-]
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Anchors

Verification methodology : Limit states (LSD)

Reduction coefficients

Reduction. coeff of steel strength : vs= 1.35
Reduction coefficient of pull out resistance (soil) : ve= 1.35
Reduction coefficient of pull out resistance (grouting) : ve= 1.35

Geometry of structure

Structure length = 32.00 m

Cross-section name : RC rectangular wall h = 0.80 m

Area of cross-section A = 8.00E-01 m2/m

Moment of inertia I =4.27E-02 m4/m

Material of structure

Analysis of concrete structures carried out according to the standard EN 1992-1-1 (EC2).

Concrete: C 30/37
Cylinder compressive strength fck = 30.00 MPa

Tensile strength fetm = 2.90 MPa
Elasticity modulus Ecm = 33000.00 MPa
Shear modulus G = 13750.00 MPa

Longitudinal reinforcement: BS00C

Yield strength fyk = 500.00 MPa

Transverse reinforcement: B500C

Yield strength fyx = 500.00 MPa

Modulus of reaction

Modulus of subsoil reaction is computed by method Schmitt.
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Basic soil parameters

Pef Cef Y Ysu 0
No. 'Name Pattern
[°] [kPa]  [kN/m3] [KN/m3] [°]
1 HUMUS | 1 1800 5000 19.60 9.60 12.00
2 CL 3500 17.00  20.40 10.40 23.33
3 GC 33.00 3.00 22.00 12.00 22.00
4 CL 3100 1000  21.00 11.00 20.67
5 CL 2300 3000 21.00 11.00 19.33
Soil parameters to compute pressure at rest
Type Qef v OCR Ky
No. Name Pattern
calculation [°] -1 -1 -1
1 HUMUS - cohesive - 033 - -
2 CL Er cohesive - 033 - -
3 GC cohesionless 33.00 - - -
4 CL Er cohesive - 033 - -
5 CL Er cohesive - 033 - -
Parameters of soils to compute modulus of subsoil reaction (Schmitt)
v Eoed Edef
No. Name Pattern
-1 [MPa] [MPa]
1 HUMUS . B 033 5.00 .
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v Eoed Edef
No. Name Pattern

] [MPa] [MPa]
2 CL . B 033 356 .
3 GC 033 610 .
4 CL 033 525 .
5 CL e 033 653 -

Soil parameters
HUMUS
Unit weight :

Stress-state :

Angle of internal friction :
Cohesion of soil :

Angle of friction struc.-soil :
Soil :
Poisson's ratio :

Oedometric modulus :

Saturated unit weight :

CL
Unit weight :

Stress-state :

Angle of internal friction :
Cohesion of soil :

Angle of friction struc.-soil :
Soil :
Poisson's ratio :

Oedometric modulus :

Saturated unit weight :

Y = 19.60 kN/m3
effective
Qef = 18.00°

cef = 50.00 kPa

b = 12.00°
cohesive
v = 0.33

Eoed= 5.00 MPa

ysat = 19.60 kN/m3

y = 20.40 kN/m3
effective

eef = 35.00°

cef = 17.00 kPa

6 = 2333°
cohesive

v = 033

Eoed= 3.56 MPa

Ysat = 20.40 kN/m3
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GC
Unit weight :

Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Oedometric modulus :

Saturated unit weight :

CL
Unit weight :

Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Poisson's ratio :

Oedometric modulus :

Saturated unit weight :

CL
Unit weight :

Stress-state :

Angle of internal friction :

Cohesion of soil :

Angle of friction struc.-soil :

Soil :
Poisson's ratio :

Oedometric modulus :

Saturated unit weight :

Y = 22.00 kN/m3
effective

eef = 33.00°

cef = 3.00 kPa

6 = 2200°
cohesionless

Eoed= 6.10 MPa

vsat = 22.00 kN/m3

Y = 21.00 kN/m3
effective

eef = 31.00°

cef = 10.00 kPa

o = 2067°
cohesive

v = 033

Eoed= 5.25 MPa

ysat = 21.00 kN/m3

Y = 21.00 kN/m3
effective
Qef = 23.00°

cef = 30.00kPa

0 = 19.33°
cohesive
Y = 0.33

Eged= 6.53 MPa

ysat = 21.00 kN/m3
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Geological profile and assigned soils

Thickness of layer Depth
No. Assigned soil Pattern
t [m] z [m]
1 150 0.00 .. 1.50 HUMUS . &
2 350 150 .. 5.00 CL . &
3 3.00 5.00 .. 8.00 GC
4 14.00 8.00 .. 22.00 CL e
5 |- 22.00 .. CL . &
Excavation

Soil in front of wall is excavated to a depth of 0.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2]  [kN/m2] x[m] I[m] z [m]
1 Yes permanent  20.00 14.00 9.50 on terrain

Global settings

Number of FEs to discretize wall = 100
Analysis of depending pressures : reduce according to analysis settings

Minimum pressure is considered as 63 min = 0.2007

Settings of the stage of construction
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Maximum shear force = 14.95 kN/m
Maximum moment = 71.29 kNm/m
Maximum displacement = 9.6 mm
Input data (Construction stage 2 - Gérmimi 1)

Excavation

Soil in front of wall is excavated to a depth of 2.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [KN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 2 - Gérmimi 1)

Name : Analysis

Stage : 2

Geometry of structure
Length of structure = 32.00m

Bending moment
Max. M = 78.04 kNm/m

Shear force
Max. Q = 25.14 kN/m
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Maximum values of internal forces acting on the structure
Maximum shear force = 25.14 kN/m
Maximum moment = 78.04 kNm/m

Maximum displacement = 20.8 mm
Input data (Construction stage 3 - Ankerat e rendit 1)
Excavation

Soil in front of wall is excavated to a depth of 2.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action
new change [KN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
Input anchors
New Depth Force
No. Name Post-stressing
anchor z [m] F [kN]
1 Yes 2.00  VSL permanent anchor 0.6" S 1860 MPa 400.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa
Anchor type : strand

Production set : VSL strand anchor

Depth : z =200 m
Free length : 1 =12.00 m
Root length : Ik = 16.00 m
Inclination : = 15.00 °
Spacing : = 2.50 m
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C-S area of strand : A1 = 150.00 mm?2
Number of strands : n =6

Elasticity modulus : = 195000.00 MPa
Pre-stressing force : F = 400.00 kN
Design strength of material : fu = 1860.00 MPa

Pull out resistance (soil) : calculate from effective stress
Diameter of root : d = 150.0 mm
Pull out resistance (grouting) : calculate from concrete strength
Standard for concrete structures : EN 1992-1-1 (EC2)

Concrete strength in compression :  fck = 30.00 MPa

Coefficient of cohesion : ni 0.70

Settings of the stage of construction
Design situation : permanent

Analysis results (Construction stage 3 - Ankerat e rendit 1)

Name : Analysis Stage : 3

Lenglh of shudare - 2200n o Bl - 208220 kRt Bl 0 — TOLEO kM

g [N

150 14
ehin]
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3

Stage

Analysis

Name

on structure

Pressure actil

Displacement of structure

Geometry of structure
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Maximum values of internal forces acting on the structure

103.90 kN/m

Maximum shear force

205.28 kNm/m

Maximum moment

mm

Maximum displacement = 16.9

Anchors forces

Depth Displacement Anchor force

[KN]

[mm]

[m]

400.00

2.00 -7.1

1

Internal stability of anchors - partial results

76.27 °

8:

EA =88.67 kN/m

tHp=0.29 m

i

Depth of theoretical footing under bottom of the p
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Rowof EA1 01 G C 0 Included
rows
anchors [KN/m] [°] [KN/m] [KkN/m] [°]
anchors

Q F

f
[kN/m] [kN/m] [KkN]

FKMAX\N

1 317.04 33.19 3024.36 269.40 -
12.78

3433.72 2399.37 5998.42

Verification of internal stability of anchors

No.

[kN] [kN]

Anchor force Max.allow.force in anchor | Verification

1 400.00 5998.42

Is satisfactory

Decisive anchor row : 1

Max. allowable force Fmax = 5998.42 kN > 400.00 kN = Finp

Overall verification of internal stability is SATISFACTORY

Input data (Construction stage 4 - Gérmimi 2)
Excavation

Soil in front of wall is excavated to a depth of 6.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).

Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action
new change [KN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
Input anchors
New Depth Force
No. Name Post-stressing
anchor |z [m] F [kN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 507.79

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 4 - G
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Stage

: Analysis
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Maximum values of internal forces acting on the structure

Maximum shear force = 164.08 kN/m
Maximum moment = 366.07 kNm/m

Maximum displacement = 28.0 mm

Anchors forces

Depth Displacement Anchor force
No.

[m]  [mm] [KN]
1 2.00 -145 507.79

Internal stability of anchors - partial results

EA =285.75 kN/m o =33.69°

Depth of theoretical footing under bottom of the pit Hy = 1.56 m

Rowof EA1 01 G C 0 Included Q F FKMAX\N
anchors [KN/m] [°] [KN/m] [kN/m] [°] rows ofanchors [KN/m] [kN/m] [KN]

1 317.04 33.19 4036.50 46.37 1.14 3985.21 1848.50 4621.26

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
No.

[KN] [kN]
1 507.79 4621.26 Is satisfactory

Decisive anchor row : 1

Max. allowable force Fmax =4621.26 kN > 507.79 kN = Finp
Overall verification of internal stability is SATISFACTORY
Input data (Construction stage S - Ankerat e rendit 2)

Excavation

Soil in front of wall is excavated to a depth of 6.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.
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Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2]  [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Input anchors

New Depth Force
No. Name Post-stressing

anchor |z [m] F [kN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 388.82
2 Yes 5.50  VSL permanent anchor 0.6" S 1860 MPa 600.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa
Anchor type : strand

Production set : VSL strand anchor

Depth : z =550 m
Free length : 1 =12.00 m
Root length : Ik = 16.00 m
Inclination : a = 15.00 ©
Spacing : b =250 m
C-S area of strand : A1 = 150.00 mm2
Number of strands : n =6

Elasticity modulus : E = 195000.00 MPa
Pre-stressing force : F = 600.00 kN
Design strength of material : fu = 1860.00 MPa
Pull out resistance (soil) : calculate from effective stress
Diameter of root : d = 1500 mm

Pull out resistance (grouting) : calculate from concrete strength
Standard for concrete structures : EN 1992-1-1 (EC2)

Concrete strength in compression :  fc = 30.00 MPa

Coefficient of cohesion : n1 = 0.70

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 5 - Ankerat e rendit 2)

5

Stage

: Analysis

Name

Shear force
Max. Q = 163.88 kN/m

Bending moment
Max. M = 358.94 kNm/m

Geometry of structure
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Maximum values of internal forces acting on the structure
Maximum shear force = 163.88 kN/m
Maximum moment = 358.94 kNm/m

Maximum displacement = 26.8 mm

Anchors forces

Depth Displacement Anchor force
R [KN]
1 200 -63 388.82
2 550 -143 600.00

Internal stability of anchors - partial results

EA =351.29 kN/m d =47.40°

Depth of theoretical footing under bottom of the pit Hgp = 1.56 m

Rowof EA1 61 G C 0  Included Q F FKMAX\N
rows of
anchors [KN/m] [°] [KN/m] [KkN/m] [°] [KN/m] [kN/m] [KN]
anchors
1 365.25 43.42 4036.50 46.37 1.14 3962.93 1838.28 4595.69
2 630.12 36.01 4780.26 46.96 - 1(21%) 5153.50 2904.10 7260.25
9.16

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
™ [KN]
1 388.82 4595.69 Is satisfactory
2 600.00 7260.25 Is satisfactory

Decisive anchor row : 1

Max. allowable force Fmax = 4595.69 kN > 388.82 kN = Finp
Overall verification of internal stability is SATISFACTORY
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Input data (Construction stage 6 - Gérmimi 3)
Excavation

Soil in front of wall is excavated to a depth of 9.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Input anchors

New Depth Force
No. Name Post-stressing

anchor |z [m] F [kN]
1 No 2.00  VSL permanent anchor 0.6" S 1860 MPa 436.90
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 725.88

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 6 - Gérmimi 3)

Name : Analysis

|Stage : 6

Geometry of structure
Length of structure = 32.00m
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Maximum values of internal forces acting on the structure
Maximum shear force = 261.17 kN/m
Maximum moment = 681.86 kNm/m

Maximum displacement = 40.5 mm

Anchors forces

Depth Displacement Anchor force
R [KN]
1 200 -9.6 436.90
2 550 -229 725.88

Internal stability of anchors - partial results

EA =717.23 kN/m o =3147°

Depth of theoretical footing under bottom of the pit Hy) =2.47 m

Rowof EA1 61 G C 0 Included Q F FKMAX\N
rows of

anchors [KN/m] [°] [kN/m] [KN/m] [°] [kN/m] [KN/m] [KN]
anchors

1 365.25 43.42 4942.90 140.11 13.95 4503.81 1471.43 3678.58

2 630.12 36.01 5654.22 154.90 3.85 1(21%) 5419.68 2301.19 5752.99

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
™ vy [KN]
1 436.90 3678.58 Is satisfactory
2 725.88 5752.99 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fmax = 5752.99 kN > 725.88 kN = Finp

Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 7 - Ankerat e rendit 3)

Excavation

Soil in front of wall is excavated to a depth of 9.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.
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Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kKN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [kN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 389.39
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 639.24
3  Yes 9.00  VSL permanent anchor 0.6" S 1860 MPa 700.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa
Anchor type : strand

Production set : VSL strand anchor

Depth : z =
Free length : 1 =
Root length : Ik =
Inclination : a =
Spacing : b =
C-S area of strand : Al =
Number of strands : n =
Elasticity modulus : E =
Pre-stressing force : F =
Design strength of material : fu =

Pull out resistance (soil) : calculate from effective stress

Diameter of root : d =

9.00 m
12.00 m
20.00 m
15.00 ©
2.50 m
150.00 mm?2
6

195000.00 MPa
700.00 kN
1860.00 MPa
150.0 mm

Pull out resistance (grouting) : calculate from concrete strength

Standard for concrete structures : EN 1992-1-1 (EC2)

Concrete strength in compression :  fck =

30.00 MPa
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Coefficient of cohesion :

n = 0.70

Settings of the stage of construction

Design situation : permanent

Analysis results (Construction stage 7 - Ankerat e rendit 3)

Name : Analysis

Stage : 7

Geometry of structure
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Maximum values of internal forces acting on the structure
= 182.52 kN/m
= 457.56 kNm/m

Maximum shear force
Maximum moment

Maximum displacement = 37.7 mm

Anchors forces

Depth Displacement Anchor force
Nl {fmm [kN]
1 200 -64 389.39
2 550 -16.9 639.24
3 9.00 -26.6 700.00

Internal stability of anchors - partial results
EA =791.86 kN/m 0 =3942°

Depth of theoretical footing under bottom of the pit Hy) =2.47 m

Decisive anchor row : 2

Max. allowable force Fmax = 5766.74 kKN > 639.24 kN = Finp

Rowof EA1 061 G C 0 Included Q F ZKMAX\
anchor [KIN/m rows of
[KN/m] [°]  [kN/m] [°] [KN/m] [kN/m] [kN]
S | anchors
1 365.25 434 49429 140.11 13.9 4379.6 1444.6 3611.58
2 0 5 4 3
2 713.19 443 5654.2 154.90 3.85 1(21%) 5419.6 2306.7 5766.74
8 2 8 0
3 1108.5 374 7163.8 171.39 -7.29 1(67%),2(46% 7496.4 3821.4 9553.64
8 0 4 ) 5 6
Verification of internal stability of anchors
Anchor force Max.allow.force in anchor Verification
o [KN] [KN]
1 389.39 3611.58 Is satisfactory
2  639.24 5766.74 Is satisfactory
3 700.00 9553.64 Is satisfactory
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Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 8 - Gérmimi 4)
Excavation

Soil in front of wall is excavated to a depth of 13.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2]  [kN/m2] x[m] I[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [kN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 377.63
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 724.71
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 884.61

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 8 - Gérmimi 4)

Name : Analysis Stage : 8
Geometry of structure Shear force
Length of structure = 32.00m Max. M = 93822 kNm/m Max. Q = 320.93 kN/m
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Maximum values of internal forces acting on the structure
Maximum shear force = 320.93 kN/m
Maximum moment = 938.22 kNm/m

Maximum displacement = 56.6 ~mm

Anchors forces

Depth Displacement Anchor force
R [KN]
1 200 -5.6 377.63
2 550 -228 724.71
3 9.00 -392 884.61

Internal stability of anchors - partial results

EA =1330.11 kN/m o =30.18°

Depth of theoretical footing under bottom of the pit Hyp =3.61 m

Rowof EA1 061 G C 0 Included Q F ZKMAX\
anchor [KIN/m rows of
[KN/m] [°] | [kN/m] [°] [KN/m] [kN/m] [kN]
S 1 anchors
1 365.25 434 59209 161.48 26.0 5161.4 1047.6 2619.11
2 8 3 5 4
2 713.19 443 6594.4 161.67 17.0 1(21%) 5991.5 17064 4266.12
8 0 7 5 5
3 1108.5 37.4 8198.0 170.69 5.15 1(67%),2(46% 7831.0 2980.9 7452.38
8 0 4 ) 7 5
Verification of internal stability of anchors
Anchor force Max.allow.force in anchor Verification
o [KN] [KN]
1 377.63 2619.11 Is satisfactory
2 72471 4266.12 Is satisfactory
3  884.61 7452.38 Is satisfactory

Decisive anchor row : 2
Max. allowable force Fmax =4266.12 kKN > 724.71 kKN = Finp
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Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 9 - Ankerat e rendit 4)

Excavation

Soil in front of wall is excavated to a depth of 13.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2]  [kN/m2] x[m] I[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [kN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 376.67
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 673.92
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 785.79
4  Yes 12.50 VSL permanent anchor 0.6" S 1860 MPa 800.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa
Anchor type : strand

Production set : VSL strand anchor

Depth : z = 12.50 m
Free length : 1 = 12.00 m
Root length : Ik = 20.00 m
Inclination : = 15.00 °
Spacing : = 2.50 m
C-S area of strand : A1 = 150.00 mm?2
Number of strands : n =17
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195000.00 MPa
800.00 kN
1860.00  MPa

Elasticity modulus :

Pre-stressing force : F

Design strength of material : fu

Pull out resistance (soil) : calculate from effective stress
Diameter of root : d = 150.0 mm
Pull out resistance (grouting) : calculate from concrete strength
Standard for concrete structures : EN 1992-1-1 (EC2)

Concrete strength in compression :  fck = 30.00 MPa

Coefficient of cohesion : n1 = 0.70

Settings of the stage of construction

Design situation : permanent

Analysis results (Construction stage 9 - Ankerat e rendit 4)
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10.00
11.00

12.00
_43.0mm/ [20000KN
13.00

14.00
15.00
16.00
17.00
18.00
19.00

20.00

Name : Analysis Stage : 9
Geometry of structure Bending moment Shear force
Length of structure = 32.00m Max M = 541.41 kNm/m Max. Q = 222.32 kN/m
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7085 L5
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8237
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B 2400
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Name : Analysis Stage : 9
Geometry of structure Displacement of structure Pressure acting on structure
Length of structure = 32.00m Max disp. = 51.9 mm Max. pressure = 121.54 kPa
f's 0.00
1.00
-5.5mm/ 37667kN 2,00
3.00
4.00
5.00
719_3mm/r6.73.92kN
6.00
7.00
8.00
-32.4mm/ 785.79kN 9.00
10.00
11.00
12.00
~43.0mm/ 800.00kN
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
2200
23.00
&S 24.00
%S 25.00
i? : —7.11|
Sose 26.00
g%’
55 27.00
ees 28.00
L%
SO 29.00
Se%
2% 3000
K
e 31.00 - oa}266
SSX 3-2@
—— | | 200 PP S
' ! 750 L5000 ! e T
[mm]

|
450.00
[kPa]

Maximum values of internal forces acting on the structure
222.32 kN/m

541.41 kNm/m

5.9 mm

Maximum shear force

Maximum moment

Maximum displacement

Anchors forces

Depth Displacement Anchor force
% fn] o) [kN]
1 200 -55 376.67
2 550 -193 673.92
3 9.00 -324 785.79
4 12.50 -43.0 800.00

Internal stability of anchors - partial results

EA =1411.34 kN/m 0 =35.44°

Depth of theoretical footing under bottom of the pit Hyp = 3.61 m
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Row of EA1 61 G C 0 Included Q F FKMAX\|

anchors [KN/m] [°] [KN/m] [KN/m] [°] rows of anchors [KN/m] [KN/m] [KkN]

1 365.25 43.42 5920.98 161.48 26.03 5011.54 1048.18 2620.44
2 713.19 44.38 6594.40 161.67 17.07 1(21%) 5845.98 1684.03 4210.06
3 1205.42 43.06 8198.04 170.69 5.15 1(67%),2(46%) 7831.07 2993.83 7484.57
4 1652.82 38.26 8978.99 170.47 -4.26 1(89%),2(67%),3(17%) 9188.15 4272.06 10680.14

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
o [KN] [KN]
1 376.67 2620.44 Is satisfactory
2 67392 4210.06 Is satisfactory
3 785.79 7484.57 Is satisfactory
4 800.00 10680.14 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fax =4210.06 kKN > 673.92 kN = Finp
Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 10 - Gérmimi 5)

Excavation

Soil in front of wall is excavated to a depth of 16.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2]  [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
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Input anchors

New Depth Force
No. Name Post-stressing

anchor z[m] F [KN]
1 No 2.00  VSL permanent anchor 0.6" S 1860 MPa 329.03
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 707.44
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 916.58
4 No 12.50 VSL permanent anchor 0.6" S 1860 MPa 1083.34
Settings of the stage of construction
Design situation : permanent
Analysis results (Construction stage 10 - Gérmimi 5)

Name : Analysis Stage : 10

Length of structure = 32.00m

Max. M = 1174.38 kNm/m
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| 100 100 :j'
B X
“2.2mm/ [P0 — 200 200 77230050 49.90
| s00 3.00 ;
L | a0 4.00
f
e <
5.00 5.00 s
21.6mm; | 07N 1042045
6.00 6.00
7.00 7.00
—— 800 8.00
-41.4mm /. 916.58kN - 9.00 9.00
| 1000 10.00
- | 100 11.00
12.00 12.00
50.6mmy [108334KN -
| 1300 13.00
| 1400 14.00
15.00, 15.00
- -117438f>
16.00 16.00 -
| 1700 17.00 S
154.5 3e
- | 1800 18.00 ¢
19.00 19.00 X
~ | 2000 2000 s
| 2100 21.00 f/
2200 2200 et
— S
23.00 23.00 08
- SO
— 24.00 24.00 .
- <
- | 2500 25.00 $
| 2600 2600 S
| 2700 27.00
| 2800 28,00
| 2000 29.00
| 3000 3000
| 3100 31.00
——— 3200 ‘ ‘ 3200 | .
L1500.00 ! ! 50000 40000 ! 1100.00
[kNm/m] TkN/m]

Max. Q = 384.03 kN/m
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Name : Analysis Stage : 10
Geometry of structure Displacement of structure Pressure acting on structure
Length of structure = 32.00m Max disp. 5.5 mm Max. pressure = 131.40 kPa
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Maximum values of internal forces acting on the structure
384.03 kN/m

1174.38 kNm/m

75.5 mm

Maximum shear force

Maximum moment

Maximum displacement

Anchors forces

Depth Displacement Anchor force
No.
[m]  [mm] [kN]

1 200 -22 329.03
550 -21.6 707.44
9.00 -414 916.58

A W N

12.50 -59.6 1083.34

Internal stability of anchors - partial results

EA =2064.38 kN/m 0 =29.53°
Depth of theoretical footing under bottom of the pit Hg = 4.50 m
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Row of EA1 o1 G C 0 Included Q

F

anchors [KN/m] [°] [KN/m] [KN/m] [°] rows of anchors [KN/m] [KN/m] [KN]

FKMAX\N

1 365.25 43.42 6810.67 182.09 35.58 5839.80 709.66
2 713.19 44.38 7521.10 175.21 28.11 1(21%) 6615.10 1162.86 2907.15
3 1205.42 43.06 9176.46 177.32 16.52 1(67%),2(46%) 8389.94 2212.31 5530.78

4 1652.82 38.26 9957.41 171.47 7.51 1(89%),2(67%),3(17%) 9443.73 3240.67 8101.69

1774.15

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor | Verification
No.
[kN] [kN]

1 329.03 1774.15 Is satisfactory
2 707.44 2907.15 Is satisfactory
3 916.58 5530.78 Is satisfactory
4

1083.34 8101.69 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fmax =2907.15 kN > 707.44 kN = Finp
Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 11 - Ankerat e rendit 5)

Excavation

Soil in front of wall is excavated to a depth of 16.50 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length
No. Action
new change [kN/m2] [kN/m2] x[m] 1[m]

Depth

z [m]

1 No No permanent  20.00 14.00 9.50

on terrain
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Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [kN]
1 No 2.00  VSL permanent anchor 0.6" S 1860 MPa 346.97
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 691.74
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 861.28
4 No 12.50 VSL permanent anchor 0.6" S 1860 MPa 968.12
5 Yes 16.00 VSL permanent anchor 0.6" S 1860 MPa 800.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa
Anchor type : strand

Production set : VSL strand anchor

Depth : z = 16.00 m
Free length : 1 =12.00 m
Root length : Ik = 20.00 m
Inclination : a = 15.00 °
Spacing : b =250 m
C-S area of strand : A1 = 150.00 mm?2
Number of strands : n =17

Elasticity modulus : E = 195000.00 MPa
Pre-stressing force : F = 800.00 kN
Design strength of material : fu = 1860.00 MPa
Pull out resistance (soil) : calculate from effective stress
Diameter of root : d = 150.0 mm

Pull out resistance (grouting) : calculate from concrete strength
Standard for concrete structures : EN 1992-1-1 (EC2)

Concrete strength in compression :  fck = 30.00 MPa

Coefficient of cohesion : n1 = 0.70

Settings of the stage of construction

Design situation : permanent
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Analysis results (Construction stage 11 - Ankerat e rendit 5)

11

'Stage

: Analysis
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Shear force
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Pressure acting on structure

Stage

: Analysis

Name

Displacement of structure

Geometry of structure

Length of structure = 32.00m

Max. pressure = 145.72 kPa

Max disp. = 69.4 mm
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Maximum values of internal forces acting on the structure

= 276.51 kN/m

Maximum shear force

Maximum moment

Maximum displacement =

Anchors forces

69.4

mm

720.57 kNm/m

Depth Displacement Anchor force
Nl {fmm [kN]
1 200 -35 346.97
2 550 -20.5 691.74
3 9.00 -37.6 861.28
4 12.50 -52.9 968.12
5 16.00 -63.7 800.00

Internal stability of anchors - partial results

EA =2142.16 kN/m

d =33.02°

Depth of theoretical footing under bottom of the pit Hg = 4.50 m

Row FKMAX\
EAl 81 G C 0  Included Q
of N
ancho |[kKN/m [kN/ [KN/m
[KN/m] [°] rows of anchors [KN/m] [kN]
rs ] m]|
1 365.25 43.4 6810.67 182.0 35.5 5680.44 737.73 1844.32
2 9 8
2 713.19 443 7521.10 175.2 28.1 1(21%) 6463.47 1167.4 2918.63
8 1 1 5
3 1205.4 43.0 9176.46 177.3 16.5 1(67%),2(46%) 8244.51 2185.7 5464.30
2 6 2 2 2
4 1749.5 42.1 9957.41 171.4 7.51 1(89%),2(67%),3(17 9443.73 3242.9 8107.28
2 2 7 %) 1
5 2284.2 38.1 10738.3 170.0 - 1,2(89%),3(34%),4(1 10829.4 4595.3 11488.48
0 9 6 9 1.88 7%) 5 9
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Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
™ [KN]
1 346.97 1844.32 Is satisfactory
2 691.74 2918.63 Is satisfactory
3 861.28 5464.30 Is satisfactory
4  968.12 8107.28 Is satisfactory
5 800.00 11488.48 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fmax =2918.63 kN > 691.74 kN = Finp
Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 12 - Gérmimi 6)

Excavation

Soil in front of wall is excavated to a depth of 20.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2] [kN/m2] x[m] |1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain

Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [KN]
1 No 2.00  VSL permanent anchor 0.6" S 1860 MPa 290.46
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 689.36
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 933.29
4 No 12.50 VSL permanent anchor 0.6" S 1860 MPa 1179.79
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New Depth

Force

No. Name Post-stressing
anchor z [m] F [kN]
5 No 16.00 VSL permanent anchor 0.6" S 1860 MPa 1169.06
Settings of the stage of construction
Design situation : permanent
Analysis results (Construction stage 12 - Gérmimi 6)
Name : Analysis Stage : 12
Geometry of structure Bending moment Shear force
Length of structure = 32.00m Max M = 1504.33 kNm/m Max. Q = 432.86 kN/m
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Name : Analysis Stage : 12
Geometry of structure Displacement of structure Pressure acting on structure
Length of structure = 32.00m Max disp. = 98.6 mm Max. pressure = 155.69 kPa
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Maximum values of internal forces acting on the structure
432.86 kN/m
1504.33 kNm/m

Maximum shear force

Maximum moment

Maximum displacement = 98.6 mm

Anchors forces

Depth Displacement Anchor force
No.
[m]  [mm] [kN]

1 200 04 290.46

5.50 -204 689.36

2

3 9.00 -425 933.29
4 1250 -65.3 1179.79
5

16.00 -85.4 1169.06

Internal stability of anchors - partial results

EA =3408.06 kN/m 0 =26.58°
Depth of theoretical footing under bottom of the pit Hg = 6.84 m




Row FKMAX\
of EA1 01 G 0 Included Q N
ancho [kN/m [KN/m
s ] [°] | [kN/m] [°] rows of anchors [KN/m] ] [kN]
1 365.25 43.4 7996.44 322.6 45.5 6823.52 537.87 1344.67
2 1
2 713.19 44.3 8706.73 322.1 399 1(21%) 7600.85 648.69 1621.71
8 2
3 1205.4 43.0 10531.4 351.8 29.7 1(67%),2(46%) 9351.89 1146.2 2865.71
2 6 0 5 8
4 1749.5 42.1 11312.3 389.0 22.1 1(89%),2(67%),3(17 10261.0 1661.9 4154.97
2 2 5 4 %) 1 9
5 2284.2 38.1 12042.5 503.9 13.6 1,2(89%),3(34%),4(1 11108.0 2151.0 5377.67
0 9 5 1 7%) 2 7

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor | Verification

No.

[kN] [kN]
1 29046 1344.67 Is satisfactory
2  689.36 1621.71 Is satisfactory
3 933.29 2865.71 Is satisfactory
4 1179.79 4154.97 Is satisfactory
5 1169.06 5377.67 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fax = 1621.71 kKN > 689.36 kN = Finp

Overall verification of internal stability is SATISFACTORY

Input data (Construction stage 13 - Ankerat e rendit 6)

Excavation

Soil in front of wall is excavated to a depth of 20.00 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).

Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence
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Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action
new change [kKN/m2] [kN/m2] x[m] I[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
Input anchors
New Depth Force
No. Name Post-stressing
anchor z [m] F [kKN]
I No 2.00  VSL permanent anchor 0.6" S 1860 MPa 306.77
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 691.00
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 914.39
4 No 12.50 VSL permanent anchor 0.6" S 1860 MPa 1121.72
5 No 16.00 VSL permanent anchor 0.6" S 1860 MPa 1066.66
6 Yes 19.50 VSL permanent anchor 0.6" S 1860 MPa 700.00

List of the new anchors

VSL permanent anchor 0.6" S 1860 MPa

Anchor type : strand

Production set : VSL strand anchor

Depth :

Free length :

Root length :

Inclination :

Spacing :

C-S area of strand :

Number of strands :

Elasticity modulus :

Pre-stressing force :

Design strength of material :

z = 19.50 m
1 =12.00 m
Ik = 20.00 m

= 15.00 ©

= 2.50 m
A1 = 150.00 mm?2
n =6

= 195000.00 MPa
F = 700.00 kN
fu = 1860.00 MPa

Pull out resistance (soil) : calculate from effective stress

Diameter of root :

d =150.0 mm

Pull out resistance (grouting) : calculate from concrete strength

Standard for concrete structures : EN 1992-1-1 (EC2)
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Concrete strength in compression :

Coefficient of cohesion :

fek

nl

Settings of the stage of construction

Design situation : permanent

30.00
0.70

MPa

Analysis results (Construction stage 13 - Ankerat e rendit 6)

Name : Analysis

Stage : 13

Geometry of structure
Length of structure = 32.00m

Bending moment

Max M = 1106.59 kNm/m

Shear force
Max. Q = 35263 kN/m

000 000
1.00 1.00
~0.7mm/ [PO8 77N - 200 200
r 3.00 3.00
[— 400 400
205mmy[F2T00R 500 500
600 600
7.00 7.00
— 200 200
41.2mm/ [ 1435KN 9.00 9.00
I 10,00 10,00
- 11.00 11.00
g1 ommy 11217268 L= 1200 1200 352,63
13.00 13.00
= 1400 1400
15.00 15.00
-79.4mm /. 1066.66kN - 16.00 16.00
17.00 17.00
. 18.00-1106.59 18.00
g9 7mmy 0000 L — 19.00 19.00
20,00 2000
= 21.00 21.00
— 2200 2200
. 23.00 23.00
™ 2400 2400
= 2500 2500
| 26.00 26.00
- 27.00 27.00
. 28.00 28.00
= 29.00 29.00
30,00 30,00
i 31.00 31.00
— 3200 . | 3200 . !
150000 ! 150000 200,00 f 1100.00
[kNm/m] [kN/m]
Name : Analysis Stage : 13
Geometry of structure Displacement of structure Pressure acting on structure
Length of structure = 32.00m Max disp. = 91.7 mm Max. pressure = 168.50 kPa
r 000 103 000 o7
{7 1.00 100
-0.7mm/ 306.77kN - 200 200
. 300 300
M 400 400
20,5 [F5T00R0 500 500
600 600
7.00 7.00
800 800
-412mm/. 914.39kN - 9.00 9.00
. 10,00 10.00
11.00 11.00
st ommy [ 217268 - 1200 1200
13.00 13.00
- 1400 1400
15.00 15.00
-79.4mm/ 1066.66kN - 16.00 16.00
. 1700 17.00
— 18.00 18.00
g9 70y 00008 i 19.00 19.00 el
20,00 2000
i 21.00 21.00
2208 2200
23.00 23.00
- 24.00 2400
- 25.00 25.00
M 26.00 26,00
27.00 27.00
. 2800 2800
20,00 2900
30,00 3000
7 31.00 31.00
3200 : | 1 3200 . 1
Lico.0 f hooo 20000 ! 200.00
fmmi kPal
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Maximum values of internal forces acting on the structure
Maximum shear force = 352.63 kN/m
Maximum moment = 1106.59 kNm/m

Maximum displacement = 91.7 mm

Anchors forces

Depth Displacement Anchor force

Nl {fmm [kN]

1 200 -0.7 306.77
2 550 -20.5 691.00
3 9.00 -412 914.39
4 12.50 -61.9 1121.72
5 16.00 -794 1066.66
6 19.50 -89.7 700.00

Internal stability of anchors - partial results

EA =3467.40 kN/m 0 =28.48°

Depth of theoretical footing under bottom of the pit Hg = 6.84 m

Row FKMAX\
EAl 81 G C 0  Included Q F
of N
ancho [KkN/m [KN/ [KN/m
[°] |[KN/m] [°] rows of anchors [KN/m] [kN]
rs ] m] ]
1 365.25 43.4 7996.4 322.6 45.5 6669.4 596.05 1490.12
2 4 2 1 7
2 713.19 44.3 8706.7 322.1 39.9 1(21%) 7455.8 688.80 1722.00
8 3 9 2 1
3 1205.4 43.0 10531. 351.8 29.7 1(67%),2(46%) 9218.3 1156.2 2890.55
2 6 40 7 5 9 2
4 1749.5 42.1 11312. 389.0 22.1 1(89%),2(67%),3(17% 10132. 1655.9 4139.84
2 2 35 2 4 ) 48 4
5 2365.7 40.6 12042. 503.9 13.6 1,2(89%),3(34%),4(17 11108. 2150.3 5375.96
3 4 55 5 1 %) 02 8
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Row FKMAX\
EAl 81 G C 0  Included Q F

of N

ancho [KkN/m [KN/ [kN/m

[°] |[KN/m] [°] rows of anchors [KN/m] [kN]

rs ] m] ]

6 3081.2 35.5 12823. 511.5 4.43 1,2,3(52%),4(35%),5(1 12209. 3105.3 7763.45
1 1 50 4 7%) 28 8

Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification
™ [KN]
1 306.77 1490.12 Is satisfactory
2 691.00 1722.00 Is satisfactory
3 914.39 2890.55 Is satisfactory
4  1121.72 4139.84 Is satisfactory

1066.66 5375.96 Is satisfactory
6 700.00 7763.45 Is satisfactory

Decisive anchor row : 2

Max. allowable force Fmax = 1722.00 kN > 691.00 kN = Finp
Overall verification of internal stability is SATISFACTORY
Input data (Construction stage 14 - Gérmimi 7)

Excavation

Soil in front of wall is excavated to a depth of 23.10 m.

Terrain profile

Terrain behind construction has the slope 1: 2.10 (slope angle is 25.50 °).
Embankment height is 3.10 m, embankment length is 6.50 m.

Water influence

Ground water table is located below the structure.

Input surface surcharges

Surcharge Mag.1 Mag.2 Ord.x Length Depth
No. Action

new change [kN/m2] [kN/m2] x[m] 1[m] z [m]
1 No No permanent  20.00 14.00 9.50 on terrain
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Input anchors

New Depth Force
No. Name Post-stressing

anchor z [m] F [KN]
1 No 2.00  VSL permanent anchor 0.6" S 1860 MPa 249.02
2 No 5.50  VSL permanent anchor 0.6" S 1860 MPa 665.42
3 No 9.00  VSL permanent anchor 0.6" S 1860 MPa 942.33
4 No 12.50 VSL permanent anchor 0.6" S 1860 MPa 1269.94
5 No 16.00 VSL permanent anchor 0.6" S 1860 MPa 1400.63
6 No 19.50 VSL permanent anchor 0.6" S 1860 MPa 1183.47

Settings of the stage of construction

Design situation : permanent
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Maximum values of internal forces acting on the structure

Maximum shear force

Maximum moment

Maximum displacement = 134.6 —mm

Anchors forces

= 512.06 kN/m
= 2015.02 kNm/m

Depth Displacement Anchor force

Nl {fmm [kN]

1 200 32 249.02
2 550 -18.7 665.42
3 9.00 -43.1 942.33
4 12.50 -70.6 1269.94
5 16.00 -98.9 1400.63
6 19.50 -122.8 1183.47

Internal stability of anchors - partial results

EA =4699.50 kN/m

Depth of theoretical footing under bottom of the pit Hg = 8.28 m

o0 =25.11°

Rowof EA1 01 G C 0 Included Q F FKMAX\N

anchors | [KN/m] | [°] [KN/m] | [KN/m] [°] rows of anchors [KN/m] | [KN/m] [KN]

1 365.25 43.42 8916.81 433.80 51.40 7551.34 709.35 1773.37
713.19 44.38 9627.03 431.73 46.98 1(21%) 8411.38 563.15 1407.87
1205.42 43.06 11543.74 459.10 38.13 1(67%),2(46%) 10269.95 635.31 1588.27

AN L Bk~ W DN

1749.52 42.12 12324.69 484.66 31.81 1(89%),2(67%),3(17%) 11117.42 84591 2114.77
2365.73 40.64 13105.64 548.65 24.50 1,2(89%),3(34%),4(17%) 11996.01 1125.02 2812.56
3081.21 35.51 13835.84 531.16 16.22 1,2,3(52%),4(35%),5(17%) 12739.67 1788.34 4470.85
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Verification of internal stability of anchors

Anchor force Max.allow.force in anchor Verification

o [KN] [KN]

1 249.02 1773.37 Is satisfactory
2 66542 1407.87 Is satisfactory
3 94233 1588.27 Is satisfactory
4  1269.94 2114.77 Is satisfactory
5 1400.63 2812.56 Is satisfactory
6 1183.47 4470.85 Is satisfactory

Decisive anchor row : 4

Max. allowable force Fmax =2114.77 kN > 1269.94 kN = Finp
Overall verification of internal stability is SATISFACTORY

20.00
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Dimensioning No. 1

Distribution of forces on construction

Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]

0.00 -20.76 15.33 -0.00 0.00 -0.00 0.00
0.01 -20.76 15.30 -0.34 -0.00 0.00 0.05
0.01 -20.76 15.30 -0.34 -0.00 0.00 0.05
0.01 -20.75 15.25 -0.79 0.04 -0.00 0.13
0.01 -20.75 15.25 -0.79 0.04 -0.00 0.13
1.60 -20.01 5.66 -81.71 9.10 -9.76 69.29
2.00 -19.82 3.22 -94.94 10.16 -13.66 104.59
2.00 -19.82 3.22 -8.49 164.08 -13.66 104.59
2.50 -19.59 0.19 -16.66 154.57 -45.59 108.59
2.50 -19.58 0.14 -16.95 154.40 -46.84 108.69
2.50 -19.58 0.14 -16.95 154.40 -46.84 108.69
320 -19.26 -4.14 -45.45 136.12 -148.52 129.84
4.80 -20.43 -7.67 -125.99 71.36 -318.81 264.15
5.50 -22.86 -7.94 -169.80 34.47 -355.30 367.14
5.50 -22.86 -7.94 -18.67 261.17 -355.30 367.14
6.00 -25.21 -8.12 -10.18 232.72 -365.75 332.42
6.00 -25.25 -8.12 -10.04 232.25 -365.79 331.94
6.40 -27.18 -8.26 -6.78 208.44 -365.19 314.86
8.00 -36.06 -8.76 -82.58 100.65 -615.81 357.04
9.00 -43.13 -9.02 -158.23 32.20 -677.70 477.57
9.00 -43.13 -9.02 -22.33 320.93 -677.70 477.57
9.50 -46.86 -9.13 -24.35 280.63 -680.39 386.29
9.50 -46.86 -9.13 -24.35 280.63 -680.39 386.29
9.50 -46.92 -9.13 -24.38 279.97 -680.26 384.93
9.60 -47.65 -9.16 -24.72 272.06 -678.47 368.59
11.20 -60.10 -9.43 -52.01 129.53 -852.38 229.06
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Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]

12.48 -70.39 -9.55 -142.70 13.37 -938.22 290.51
12.48 -70.39 -9.55 -142.70 13.37 -938.22 290.51
12.50 -70.55 -9.55 -145.06 13.34 -937.94 292.78
12.50 -70.55 -9.55 -63.07 386.50 -937.94 292.78
12.80 -73.01 -9.57 -64.42 355.09 -933.75 184.61
13.00 -74.62 -9.58 -65.00 334.15 -925.68 120.36
13.00 -74.68 -9.58 -65.03 333.29 -925.26 117.74
14.40 -86.16 -9.59 -96.36 177.02 -1049.11 -24.09
16.00 -98.95 -9.49 -175.62 6.66 -1174.08 -37.85
16.00 -98.95 -9.49 -103.04 512.06 -1174.08 -37.85
16.50 -102.78  -9.44 -102.74 447.65 -1147.63 -40.78
16.50 -102.78 -9.44 -102.74 447.65 -1147.63 -40.78
16.50 -102.84 -9.44 -102.73 446.60 -1146.94 -40.82
17.60 -110.90  -9.29 -151.79 298.45 -1336.26 -44.69
19.20 -121.11  -9.00 -151.52 67.07 -1504.33 -37.32
19.50 -122.78  -8.94 -200.75 21.71 -1493.45 -34.74
19.50 -122.78  -8.94 -146.71 478.97 -1493.45 -34.74
19.52 -122.89 -8.94 -146.56 475.92 -1492.72 -34.57
19.52 -122.89  -8.94 -146.56 475.92 -1492.72 -34.57
20.00 -125.33  -8.83 -142.44 402.51 -1515.10 -30.06
20.00 -125.37 -8.83 -142.37 401.26 -1518.31 -29.98
20.80 -128.92  -8.65 -210.59 275.18 -1789.85 -21.32
2240 -133.54 -8.26 -241.17 -7.67 -2015.02 14.67
23.10 -134.43  -8.08 -227.38 -9.02 -1959.29 34.90
23.10 -134.43  -8.08 -227.38 -9.02 -1959.29 34.90
23.10 -134.43  -8.08 -227.08 -8.99 -1958.05 35.08
23.10 -134.43  -8.08 -227.08 -8.99 -1958.05 35.08
24.00 -134.58 -7.87 -257.50 -4.97 -1770.64 51.17
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Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]
25.60 -132.43  -7.50 -348.54 2.72 -1269.97 57.82
27.20 -127.98  -7.17 -320.73 10.85 -718.71 46.11
28.80 -122.20 -6.86 -201.16 12.84 -301.50 26.37
30.40 -115.84 -6.57 -90.92 9.15 -70.46 8.04
32.00 -109.34  -6.28 -0.00 0.00 -0.00 0.00
Distribution of forces on construction - in detail
Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [kN/m] [kNm/m] [kNm/m]
0.00 -20.76 15.33 -0.00 0.00 -0.00 0.00
0.01 -20.76 15.30 -0.34 -0.00 0.00 0.05
0.01 -20.76 15.30 -0.34 -0.00 0.00 0.05
0.01 -20.75 15.25 -0.79 0.04 -0.00 0.13
0.01 -20.75 15.25 -0.79 0.04 -0.00 0.13
0.32 -20.61 13.40 -18.17 3.09 -0.46 2.92
0.64 -20.46 11.47 -35.67 6.07 -2.08 11.55
0.96 -20.31 9.53 -52.51 7.95 -4.38 25.67
1.28 -20.16 7.60 -68.67 8.55 -7.07 45.07
1.60 -20.01 5.66 -81.71 9.10 -9.76 69.29
1.92 -19.86 3.71 -92.25 10.02 -12.83 97.11
2.00 -19.82 3.22 -94.94 10.16 -13.66 104.59
2.00 -19.82 3.22 -8.49 164.08 -13.66 104.59
2.24 -19.71 1.76 -11.29 159.90 -16.14 105.28
2.50 -19.59 0.19 -16.66 154.57 -45.59 108.59
2.50 -19.58 0.14 -16.95 154.40 -46.84 108.69
2.50 -19.58 0.14 -16.95 154.40 -46.84 108.69
2.56 -19.56 -0.20 -19.04 153.23 -55.62 109.42
2.88 -19.41 -2.17 -31.82 145.31 -103.44 117.51
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Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]
3.20 -19.26 -4.14 -45.45 136.12 -148.52 129.84
3.52 -19.12 -6.13 -59.91 125.69 -190.47 146.65
3.84 -18.97 -7.29 -75.20 114.00 -228.87 168.23
4.16 -19.17 -7.42 -91.31 101.05 -263.33 194.82
4.48 -19.81 -7.55 -108.24 86.84 -293.44 226.71
4.80 -20.43 -7.67 -125.99 71.36 -318.81 264.15
512 -21.48 -7.80 -145.46 54.87 -338.77 307.27
544 -22.64 -7.92 -165.95 37.57 -353.58 357.07
5.50 -22.86 -7.94 -169.80 34.47 -355.30 367.14
5.50 -22.86 -7.94 -18.67 261.17 -355.30 367.14
5.76  -24.06 -8.03 -14.39 246.50 -362.74 346.61
6.00 -25.21 -8.12 -10.18 232.72 -365.75 332.42
6.00 -25.25 -8.12 -10.04 232.25 -365.79 331.94
6.08 -25.62 -8.15 -8.69 227.81 -366.07 327.37
6.40 -27.18 -8.26 -6.78 208.44 -365.19 314.86
6.72 -28.73 -8.37 -9.86 188.37 -428.70 309.20
7.04 -30.34 -8.47 -14.91 167.61 -485.67 310.45
7.36 -32.15 -8.57 -37.05 146.15 -535.89 318.73
7.68 -34.02 -8.67 -59.61 124.01 -579.13 334.16
8.00 -36.06 -8.76 -82.58 100.65 -615.81 357.04
8.32 -38.15 -8.85 -105.86 76.84 -643.52 387.96
8.64 -40.48 -8.93 -130.10 52.60 -664.25 425.70
8.96 -42.84 -9.01 -155.06 33.06 -677.10 471.30
9.00 -43.13 -9.02 -158.23 32.20 -677.70 477.57
9.00 -43.13 -9.02 -22.33 320.93 -677.70 477.57
9.28 -45.23 -9.09 -23.58 298.43 -681.86 423.07
9.50 -46.86 -9.13 -24.35 280.63 -680.39 386.29
9.50 -46.86 -9.13 -24.35 280.63 -680.39 386.29
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Shear force Shear force Moment

Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]

9.50 -46.92 -9.13 -24.38 279.97 -680.26 384.93
9.60 -47.65 -9.16 -24.72 272.06 -678.47 368.59
9.92 -50.10 -9.22 -31.36 244.97 -669.90 322.67
10.24 -52.57 -9.28 -37.64 217.18 -685.45 285.52
10.56 -55.06 -9.33 -43.07 188.67 -750.41 257.39
10.88 -57.57 -9.38 -47.85 159.45 -806.13 238.49
11.20 -60.10 -9.43 -52.01 129.53 -852.38 229.06
11.52 -62.65 -9.47 -55.58 98.89 -888.95 229.32
11.84 -65.21 -9.50 -68.60 67.54 -915.59 239.49
12.16 -67.79 -9.53 -105.28 35.48 -932.09 259.82
12.48 -70.39 -9.55 -142.70 13.37 -938.22 290.51
12.48 -70.39 -9.55 -142.70 13.37 -938.22 290.51
12.50 -70.55 -9.55 -145.06 13.34 -937.94 292.78
12.50 -70.55 -9.55 -63.07 386.50 -937.94 292.78
12.80 -73.01 -9.57 -64.42 355.09 -933.75 184.61
13.00 -74.62 -9.58 -65.00 334.15 -925.68 120.36
13.00 -74.68 -9.58 -65.03 333.29 -925.26 117.74
13.12 -75.64 -9.58 -65.37 320.90 -918.69 79.72

13.44 -78.28 -9.59 -78.45 285.99 -896.23 -13.33
13.76 -80.91 -9.59 -88.58 250.38 -913.77 -17.09
14.08 -83.54 -9.59 -93.42 214.05 -987.31 -20.68
14.40 -86.16 -9.59 -96.36 177.02 -1049.11 -24.09
14.72 -88.76 -9.58 -98.72 139.27 -1098.94 -27.30
15.04 -91.34 -9.56 -100.54 100.81 -1136.58 -30.29
15.36 -93.90 -9.54 -101.84 61.64 -1161.80 -33.06
15.68 -96.44 -9.52 -130.42 21.76 -1174.38 -35.59
16.00 -98.95 -9.49 -175.62 6.66 -1174.08 -37.85
16.00 -98.95 -9.49 -103.04 512.06 -1174.08 -37.85
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Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]

16.32 -101.43  -9.46 -102.99 470.76 -1160.67 -39.85
16.50 -102.78  -9.44 -102.74 447.65 -1147.63 -40.78
16.50 -102.78 -9.44 -102.74 447.65 -1147.63 -40.78
16.50 -102.84 -9.44 -102.73 446.60 -1146.94 -40.82
16.64 -103.88  -9.42 -102.53 428.75 -1134.28 -41.54
16.96 -106.28  -9.38 -124.56 386.03 -1167.77 -42.93
17.28 -108.62 -9.34 -141.98 342.59 -1259.02 -43.99
17.60 -110.90  -9.29 -151.79 298.45 -1336.26 -44.69
1792 -113.11 -9.24 -154.55 253.59 -1399.27 -45.01
18.24 -115.24 -9.18 -153.78 208.03 -1447.80 -44.53
18.56 -117.29  -9.13 -152.56 161.75 -1481.64 -42.29
18.88 -119.25  -9.07 -150.93 114.77 -1500.56 -39.89
19.20 -121.11  -9.00 -151.52 67.07 -1504.33 -37.32
19.50 -122.78  -8.94 -200.75 21.71 -1493.45 -34.74
19.50 -122.78 -8.94 -146.71 478.97 -1493.45 -34.74
19.52 -122.89  -8.94 -146.56 475.92 -1492.72 -34.57
19.52 -122.89  -8.94 -146.56 475.92 -1492.72 -34.57
19.84 -124.56  -8.87 -143.89 426.80 -1465.51 -31.61
20.00 -125.33  -8.83 -142.44 402.51 -1515.10 -30.06
20.00 -125.37 -8.83 -142.37 401.26 -1518.31 -29.98
20.16 -126.13  -8.80 -153.52 376.97 -1581.01 -28.43
20.48 -127.59  -8.72 -185.87 326.43 -1693.58 -25.00
20.80 -128.92  -8.65 -210.59 275.18 -1789.85 -21.32
21.12 -130.13  -8.57 -227.69 223.22 -1869.62 -17.34
21.44 -131.20 -8.49 -237.17 170.54 -1932.64 -13.06
21.76 -132.12  -8.42 -239.02 117.16 -1978.69 -8.45

22.08 -132.91 -8.34 -239.87 57.79 -2006.98 2.70

2240 -133.54 -8.26 -241.17 -7.67 -2015.02 14.67
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Shear force Shear force Moment
Disp. min Disp. max Moment min.
min. max max.
[mm] [mm] [KN/m] [KN/m] [KNm/m] [KNm/m]

22.72 -134.04 -8.18 -237.70 -10.94 -2001.97 24.95
23.04 -13438 -8.10 -229.49 -9.29 -1967.53 33.64
23.10 -134.43  -8.08 -227.38 -9.02 -1959.29 34.90
23.10 -134.43  -8.08 -227.38 -9.02 -1959.29 34.90
23.10 -134.43  -8.08 -227.08 -8.99 -1958.05 35.08
23.10 -134.43  -8.08 -227.08 -8.99 -1958.05 35.08
23.36 -134.58  -8.02 -217.46 -7.75 -1914.16 40.84
23.68 -134.65 -7.94 -225.03 -6.31 -1847.98 46.65
24.00 -134.58 -7.87 -257.50 -4.97 -1770.64 51.17
24.32 -134.38 -7.79 -285.21 -3.72 -1683.68 54.51
24.64 -134.06 -7.72 -308.17 -2.58 -1588.61 56.75
2496 -133.62 -7.64 -326.38 -1.53 -1486.96 57.99
25.28 -133.07 -7.57 -339.84 0.30 -1380.24 58.31
25.60 -132.43  -7.50 -348.54 2.72 -1269.97 57.82
2592 -131.69 -7.43 -352.48 4.87 -1157.68 56.60
26.24 -130.87 -7.36 -351.68 6.75 -1044.89 54.74
26.56 -129.97  -7.30 -346.12 8.37 -933.12 52.31
26.88 -129.00 -7.23 -335.80 9.74 -823.88 4941
27.20 -127.98  -7.17 -320.73 10.85 -718.71 46.11
27.52 -126.90 -7.10 -300.91 11.72 -619.12 42.49
27.84 -125.77  -7.04 -276.51 12.35 -530.26 38.63
28.16 -124.61 -6.98 -250.66 12.75 -445.93 34.61
2848 -123.42  -6.92 -225.54 12.91 -369.76 30.50
28.80 -122.20 -6.86 -201.16 12.84 -301.50 26.37
29.12 -120.95 -6.80 -177.54 12.55 -240.93 22.30
29.44 -119.69 -6.74 -154.70 12.03 -187.79 18.37
29.76 -118.42  -6.68 -132.64 11.29 -141.84 14.63
30.08 -117.13  -6.62 -111.38 10.33 -102.81 11.16
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Disp. min Disp. max

[mm] [mm]

Shear
min.

[KN/m]

force Shear

max

[KN/m]

force

Moment
Moment min.
max.

[KNm/m] [KNm/m]

30.40 -115.84 -6.57

30.72 -114.55  -6.51
31.04 -113.25 -6.45
3136 -111.94 -6.39
31.68 -110.64 -6.34

32.00 -109.34  -6.28

-90.92
-71.27
-52.42
-34.39
-16.91
-0.00

9.15
7.75
6.20
4.57
2.51
0.00

-70.46 8.04

-44.53 5.48
-24.76 3.29
-10.89 1.56
-2.69 0.41

-0.00 0.00

Name : Dimensioning

Stage - analysis : 1 -1

Displacement
Min1 = -19.0; Min2 = -134.6mm
Max1 = 15.3; Max2 = -9.6mm
-208 15.3

32.00|

Bending moment

Min1 = 0.00; Min2 = -2015.02kNm/m
Max1 = 477.57; Max2 = -45.01kNm/m

9.00

10.00
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27.00

28.00
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Min1 = 0.00; Min2 = -352.48kN/m
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Maximum values of internal forces
= -134.6
= 15.3
477.57 kNm/m
Minimum bending moment = -2015.02 kNm/m
Maximum shear force = 512.06 kN/m

Maximum displacement mm

Minimum displacement mm

Maximum bending moment

Verification of RC cross section (RC rectangular wall h = 0.80 m)

All construction stages are taken into the analysis.
Partial factor on load = 1.00

Reinforcement - 36 pc bars 25.0 mm; cover 40.0 mm
Shear reinf. - 2 profile 10.0 mm; distance 100.0 mm
Reinforcement ratio  p = 0.96 % > 0.15

Position of neutral axis x = 0.20 m < 0.46
Ultimate shear force

Ultimate moment

Cross-section is SATISFACTORY.

Verification of anchors

% = Pmin

m = Xmax

VRd = 767.30 kN/m > 512.06 kN/m = VEq
MRd = 2105.50 kKNm/m > 2015.02 kNm/m = MEq

Max. Anchor Pull-out res. Pull-out res.
Depth Verification
Anchor Stage force strength (soil) (grouting)
z [m] F [KN] R¢[kN] Re [KN] Re [kN]
1 4 2.00 507.79  1240.00 778.36 1431.09 is satisfactory
(65.24 %)
2 6 5.50 725.88  1240.00 966.83 1431.09 is satisfactory
(75.08 %)
3 14  9.00 942.33  1240.00 1562.46 1788.86 is satisfactory
(75.99 %)
4 14 12.50 1269.94 1446.67 1870.77 1932.19 is satisfactory
(87.78 %)
5 14 16.00 1400.63 1446.67 2179.09 1932.19 is satisfactory
(96.82 %)
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Max. Anchor Pull-out res. Pull-out res.
Depth Verification
Anchor Stage force strength (soil) (grouting)

z [m] F [kN] Rg¢[kN] Re [KN] Re [KN]

6 14 19.50 1183.47 1240.00 1757.22 1788.86 is satisfactory
(95.44 %)

Anchor with max. utilization - Nr. 5. (Stage 14; z = 16.00 m)
Utilization is 96.82 %
Anchors bearing capacity is SATISFACTORY

Annexes
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8 Pérfundimet dhe rekomandimet

Né kété punim u trajtua analiza dhe projektimi i mureve nga diafragma t€ ankeruara si element
mbajtés pér gérmime té thella, duke pérfshiré aspektet teorike dhe aplikimin praktik né njé rast
konkret me thellési gérmimi prej 23.1 m. Studimi pérfshiu analizén e sjelljes s€ tokés dhe murit

gjaté fazave té gé€rmimit, si dhe dimensionimin e elementeve kryesore mbajtése.

N¢ kuadér t€ punimit u realizua dimensionimi i murit t€ diafragmés dhe 1 sistemit t€ ankerimit
duke pérdorur programin GEOS, kuu morén parasysh parametrat gjeotekniké té terrenit, ngarkesat
vepruese dhe kushtet kufitare. Rezultatet e analizés treguan se kombinimi i murit nga diafragma
betonarme me ankera siguron stabilitet t&€ mjaftueshém té gropés ndértimore dhe kontroll efektiv

té deformimeve horizontale dhe uljeve té tokés.

Analiza e fazave t€ ndértimit theksoi réndésiné e sekuencés s¢ gérmimit dhe aktivizimit té
ankerave, duke ndikuar drejtpérdrejt né reduktimin e zhvendosjeve dhe rritjen e sigurisé sé
pérgjithshme té sistemit. Gjithashtu, u vlerésua ndikimi 1 thell€sis€é s€ g€rmimit dhe

karakteristikave té tokés n€ performancén e murit.

Nga rezultatet e arritura né€ kété punim, mund t€ nxirren kéto rekomandime kryesore:

» Muret nga diafragmat betonarme paraqgesin njé nga zgjidhjet mé efikase pér realizimin e
gé€rmimeve t€ thella, sidomos pér thellési t€ konsiderueshme si rasti 1 analizuar prej 23.1
m.

» Pérdorimi i ankerave rrit ndjeshém stabilitetin e sistemit mbajtés dhe mundéson reduktimin
e deformimeve t€ murit dhe té terrenit pérreth.

» Analiza me programin GEOS5 mundé&son njé dimensionim té sakté dhe verifikim té sigurisé
sipas kushteve reale gjeoteknike, duke pérfshiré faktorét e siguris€ dhe kontrollin e
zhvendosjeve.

» Parametrat gjeotekniké té tokés kané ndikim vendimtar né dimensionimin e murit dhe té
ankerave, prandaj kérkohet analiza e sakté e terrenit pérmes shpimeve gjeologjike dhe
testimeve laboratorike.

» Kontrolli i deformimeve dhe monitorimi gjat€ ndértimit jané t€ domosdoshém pér té

garantuar siguriné e objekteve pérreth dhe pér té verifikuar pérputhshmériné me projektin.
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Ky punim tregon se kombinimi i analiz€s teorike me aplikimin praktik dhe me pérdorimin e
softueréve paraqget njé qasje reale pér projektimin e sigurt dhe ekonomik té strukturave mbajtése

né€ inxhinierin e objekteve.
Kufizimet dhe mangésité

Megjithaté, gjaté projektimit dhe realizimit t&€ gropave ndértimore mund t€ paraqiten disa kufizime
dhe mangési t€ cilat ndikojné né performancén e sistemit mbajté€s. Ndér mé kryesoret jané
pasigurité né€ pércaktimin e sakté t€ parametrave gjeotekniké, t€ cilat mund t€ devijojné nga kushtet
reale né terren. Gjithashtu, supozimet e pérdorura né analizat numerike dhe né programet si GEO5

mund t€ mos pérfaqésojné plotésisht sjelljen reale t&€ tokés.

Gjaté fazés sé realizimit, devijimet né ekzekutim, si cilésia e betonimit, vendosja jo e sakté e
ankerave, mund té ndikojné€ negativisht né€ stabilitetin e sistemit. Pér mé tepér, ndikimet nga ujérat
néntokésore dhe kushtet e paparashikuara gjeologjike paragesin faktoré shtesé rreziku g€ duhet t&é

monitorohen gjaté gjithé procesit t€ ndértimit.
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