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Duvarin Taban Alani (m?)

Dilimin Yatay Genisligi (m)

Donati1 Kayma Katsayisi

Geosentetik Arayiiz Strtiinme Katsayisi

Kohezyon (kN/m?)

Drenajli Kohezyon (kN/m?)

Arayiiz Kohezyonu (kN/m?)

Drenajsiz Kohezyon (kN/m?)

Duvarin Gomme Derinligi (m)

Stirsarj Tabakasinin Kalinligi (m)

Zeminin %50’sinin Kii¢lik Oldugu Dane Capi (mm)

Yer Alt1 Su Seviyesinin Duvar Tabanindan Yiiksekligi (m)

Dinamik Durumda Duvari Devrilmeye Zorlayan Kuvvetlerin
Momentleri Toplami (kN-m/m)

Giivenlik Sayisi

Duvar Yiiksekligi (m)

Dilimin Ortalama Yiiksekligi (m)

Dilimdeki Yer Alt1 Su Seviyesinin Dilim Tabanindan Yiiksekligi (m)
Stiktinetteki Yanal Toprak Basing Katsayisi

Yatay Statik Esdeger Deprem Katsayisi

Diisey Statik Esdeger Deprem Katsayisi

Dilimin Taban Yiizeyinin Dogrusal Kabul Edilen Uzunlugu (m)
Geosentetiklerin Efektif Uzunlugu (m)

Geosentetiklerin Ust Uste Bindirme Mesafesi (m)

Geosentetiklerin Kayma Diizlemi Icerisindeki Uzunlugu (m)
Devrilmeye Zorlayan Kuvvetlerin Momentleri Toplami (kN-m/m)
Devrilmeye Kars1 Koyan Kuvvetlerin Momentleri Toplami (kN-m/m)
Tasima Giicii Faktorleri

Zemin Yiiziine Etkiyen Diisey Tekil Yiik (kN)

Statik Aktif Yanal Toprak Kuvveti (kN/m)

Bileske Statik Su Kuvveti (kN/m)

Dinamik ve Statik Toplam Bileske Toprak Kuvveti (kN/m)
Dinamik Durumda Duvar Tabanina Etkiyen Toplam Diisey Yiik

Karakteristik Tasima Giicii (kN/m?)

Dinamik Durumda Diisey Yiik, Kesme ve Moment Etkilerinin
Olusturdugu Diisey Taban Basinci (kN/m?)

Zemin Yiizline Etkiyen Siirsarj Yiki (KN/m?)

Nihai Tasima Giicti (kN/m?)

Diisey Tekil Yiikiin, Hesab1 Yapilan Geosentetik Tabakasinin On
Tarafina Olan Dogrusal Uzakligi (m)

Dinamik Durumda Devrilmeye Karsi Koyan Kuvvetlerin Momentleri
Toplami (kKN-m/m)

Servis Omrii Boyunca Olusan Siinmeye Kars1 Azaltma Katsayisi
Biyolojik ve Kimyasal Bozunmalara Kars1 Azaltma Katsayisi
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Yerlestirme Hasarina Karsi Azaltma Katsayisi
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OZET

Geosentetik Donatili Toprak Duvarlarin Davranisinin

Incelenmesi

Kemal KAPLAN

Insaat Miihendisligi Anabilim Dali
Geoteknik Tezli Yiiksek Lisans Programi

Yiiksek Lisans Tezi

Damisman: Dr. Ogr. Uyesi Murat TONAROGLU

Yillar gectikce teknolojik gelismeler, bir¢cok alanda bilim insanlarini ve
arastirmacilari, projelerde ve insaat faaliyetlerinde daha efektif, daha hizli ve daha
ekonomik c¢oOzlimler iiretme konusunda teknolojik gelismelerin sagladig
imkanlardan yararlanmaya tesvik etmistir. Bunun sonucu olarak o6zellikle insaat
faaliyetlerinde daha efektif ¢oziimler saglayan yeni malzemeler ve yapi tiirleri
ortaya c¢ikmistir. Geosentetik donatili toprak duvarlar da bu yeniliklerden biridir.
Polipropilen, polyester gibi polimer iiriinlerden imal edilen geotekstil ve geogrid
gibi geosentetik malzemeler kullanilarak insa edilen donatili toprak duvarlar,
diger istinat duvarlarina gore daha efektif ve genellikle daha ekonomik ¢oéziimler
sagladig icin, kullanimlar1 son yillarda hizla artmaktadir. Bu tez ¢alismasinda,
geosentetik donatili toprak duvarlarda; degisen duvar yiiksekligi, geosentetik
cesidi, uzunluk ve araliklar1 ve dolgu zemini parametlerinin duvar stabilitesi
tizerindeki etkileri incelenmek istenmistir. Duvar stabilitesinin saglanmasi icin;
devrilme, 6telenme, tasima giicii, toptan gé¢me, icsel kayma, donati kopmasi ve

styrilmast durumlarina karsi hesaplanan giivenlik sayilarinin Onerilen giivenlik
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sayilarina karsi yeterli olmasi gereklidir. Bu ¢calisma kapsaminda, GEO5 MSE Wall
programi ile gerceklestirilen stabilite analizleri, ayrica klasik el hesabi ile de tekrar
edilmis ve elde edilen sonuclar karsilastirilmistir. Sayisal analizler, hem statik
yliikleme durumu hem de dinamik (sismik) yiikleme durumu icin
gerceklestirilmistir. Giivenlik sayisi sonuclari, hem tablo halinde hem de duvar
yiiksekligi, geosentetik donati ve geridolgu parametrelerinin stabiliteye olan
etkisini incelemek icin, duvar yiiksekligine kars1 giivenlik sayilarinin degisimini
gosteren grafikler ile sunulmus ve gerekli degerlendirmeler yapilmistir. Elde
edilen sonuclara gore; duvar yiiksekligi (H), donati uzunlugu (L), donat1 diisey
araligr (s,), uzunluk - yikseklik orani (L/H), dolgu ve geosentetik donati

parametreleri gibi degiskenlerin giivenlik sayilarini etkiledigi gortilmiisttir.

Anahtar Kelimeler: GEO5, geosentetik, geotekstil, toprak duvar, stabilite.
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Geosynthetic Reinforcements

Kemal KAPLAN

Department of Civil Engineering
Geotechnical Engineering Program

Master of Science Thesis

Supervisor: Dr. Murat TONAROGLU

Over the years, technological developments in many fields have encouraged
scientists and researchers to take advantage of the opportunities provided by these
developments in producing more effective, faster and more economical solutions
in projects. As a result of this situation, new materials and construction methods
have emerged by providing more effective solutions in construction work. Earth
walls with geosynthetic reinforcements are one of these innovations too. The use
of earth walls constructed with geosynthetics such as geotextile and geogrid by
polymer products such as polypropylene and polyester have been increasing
rapidly in recent years as they provide more effective and economical solutions
than the other type of walls. In this thesis study, it is aimed to reveal the effects of
varying height of wall, geosynthetic type, length and vertical spacing and backfill
soil parameters on the stability of earth walls with geosynthetic reinforcements.
In order to check the stability of the wall, each factor of safety calculated against
overturning, sliding, bearing capacity, global stability, internal sliding, tensile
strength and pull-out of the reinforcement should be sufficient against the factor

of safety recommended. The analyses performed by GEO5 MSE Wall software
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were also recalculated by classical hand solutions and the results were compared
with each other. The numerical analyses were performed for both static loading
and dynamic loading. The results were given in the form of tables and graphs in
order to investigate the effects of geosynthetic type used, the change of height of
wall and soil parameters on the stability and evaluations were made by using these
graphs. The results obtained revealed the effect of height of the wall (H),
reinforcement length (L), vertical spacing of reinforcements (s,), length - height
ratio (L/H), backfill soil and geosynthetic reinforcement parameters, on the values

of factor of safety.

Keywords: GEO5, geosynthetics, geotextile, earth walls, stability.
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1

GIRIS

Geosentetiklerin zemin icerisinde cesitli amaclar icin kullanimi son yillarda
giderek yayginlasmaktadir. Geosentekiler; filtrasyon, drenaj saglamak,
gecirimsizlik, saglamak ya da mukavemet kazandirmak amacli kullanilabilir.
Ornegin bir yol insaati calismasi icin béyle bir bir uygulama, 1926 yilinda Amerika
Birlesik Devletleri'nde bir otoyol insaatinda gerceklestirilmistir. Bu uygulamanin
1935 yilinda yapilan raporlamasi, geosentetik ile giiclendirme yapilan boliimlerde,
diger boltimlere gore yolun daha iyi bir yapida kaldigini ve daha az catlaklar ve
bozulmalar olustugunu gostermektedir (Koerner, 2005: 3,4). Geosentetiklerin;
ayirma, filtrasyon, drenaj, giliclendirme gibi islevler i¢in, kullanilmasi ile ilgili

arastirma ve calismalar bugiine kadar devam etmistir.

Istinat duvarlarmm, agirlik tipi ya da betonarme olarak insa edilmeleri rutini;
1960’11 yillarda zemin icerisine bir donat1 elamani konularak yeni bir duvar tipi
insa edilebilecegi fikrinin gelismesi ile farkli bir boyut kazanmistir. Bu amacla
daha c¢cok metal cubuk ve geotekstil kullaniminin uygun olabilecegi
disiiniilmiistiir. Bu konseptin gelisimi ile, 1971 yilinda Fransa’da bir geotekstil
donatili istinat duvari (Berg vd., 2009: 1-9); 1972’de, ABD’de, bir yol insaatinda
giivenlik saglamak amacl olarak metal cubuk donatili bir istinat duvar1 (Berg vd.,
2009: 1-6) ve 1974’te yine ABD’de bir geotekstil donatili istinat duvar: (Berg vd.,
2009: 1-9) insa edilmistir. Geogridlerin bu amag¢ ile kullanimi ise daha
sonralaridir. Geogrid donatili ilk duvar 1981’de insa edilmistir (Berg vd., 2009: 1-
10). Bu uygulamalardan sonra ise, metal serit ya da geosentetik donatili istinat

duvarlar1 diinyanin cesitli yerlerinde kullanilmaya baslanmistir.
1.1 Literatiir Ozeti

Bu tez kapsaminda konu ile ilgili detayli bir literatiir calismasi yapilmis olup; bu

boliimde bu ¢alisma kisaca sunulmustur.

Giiler ve Demirkan (2002), Plaxis programi ile farkli geosentetik cesitleri

kullanarak statik ve dinamik yiikleme durumlarini iceren bir donatili toprak duvar



tasarimi calismast yapmiglardir. Calisma sonunda; duvarda olusan yanal
deplasmanlarin, geosentetiklerin ¢ekme mukavemeti ile ters orantili olarak

degistigini ortaya koymuslardir.

Emir (2005), Plaxis programi kullanimu ile; farkli geosentetik cesitleri kullanarak
kumlu bir dolgu zemini icin donatili toprak duvar tasarimi ¢alismasi yapmustir. Bu
calismada, arastirmaci, geosentetiklerin deplasman rijitligi ve cekme mukavemeti
gibi miihendislik Ozelliklerinin artirilmasinin duvarin dis stabilitesi {izerinde
herhangi bir degisim olusturmadigini; buna karsiik yanal deplasmanlarin

azaldigini belirtmistir.

Incecik vd. (2006), kil zemini {izerine insa edilen yol dolgusunun, geosentetiklerin
kullanilmadig1 ve kullanildigi durumda {istten gelen trafik yiiklerine karsi nasil bir
davranis gosterecegini, Plaxis programini kullanarak arastirmistir. Elde edilen
sonuglar; geosentetiklerin kullanildigi durumda, kullanilmadigi duruma gore
diisey deplasman miktarlarinin 6énemli Olclide azaldigini ve bu nedenle daha

giivenli bir tasarim elde edilebilecegini gostermistir.

Yardimcr (2013), Plaxis programi ile geogrid donati kullanilarak iki basamakli
toprak duvar {izerine parametrik bir calisma yapmuistir. Calismada, kohezyonlu ve
graniiler olmak tizere iki farkli dolgu zemini kullanilarak zemin 6zelliklerinin
duvar stabilitesi tizerindeki etkisi arastirilmistir. Basamaklar arasi mesafe
arttirildiginda, her iki dolgu kullanildiginda da giivenlik sayilarinin arttig1 ve yanal
deplasmanlarin azaldigi; graniiler dolgu kullanildiginda, kohezyonlu dolguya gore
giivenlik sayilarinin arttig1 ve yanal deplasmanlarin azaldigi ortaya konmustur.
Ayrica basamaklar arasi mesafe arttirildiginda gerekli minimum donati

uzunluklar azalmaktadir.

Bilgin ve Mansour (2013), metal serit ve geosentetik donatilar kullanarak donatili
duvar tasarimi calismasi yapmislardir. Dolgu birim hacim agirliginin degisimi
stabilite ve donat1 uzunluk/araliklarini fazla etkilememistir. Icsel siirtiinme acisi
arttikca stabilite artmis, donati uzunluklar1 azalmistir. Diger kosullar aymi
tutuldugunda, gerekli donati uzunlugu; metal serit donatida en fazla ve metal
cubuk donatida en diisiik ¢itkmistir. Temel zemini 6zelliklerinin degisimi donati

uzunlugunu fazla etkilememistir.



Suliman vd. (2014), Plaxis ve Slide programlar ile iki basamakli geotekstil
donatili toprak duvar calismasi yapmislardir. Programlar vasitasiyla yanal
deplasman verileri alinmistir. Ayrica tasarlanan duvarin prototipi olusturulmus ve
bu prototipte zamanla olusan deplasmanlar goézlenmistir. Sonuclar
kiyaslandiginda, Plaxis’ten alinan verilerin, prototip iizerinde elde edilen degerler

ile uyustugu belirtilmistir.

Gicek vd. (2015), sonlu elemanlar yontemi ile geogrid donatili bir sev ¢alismasi
yapmiglardir. Donati kullanilmayan duruma gore, donati kullanildiginda sev
stabilitesinin iyilestigi ve giivenlik sayisinin ciddi 6lciide arttig1 ortaya ¢ikmustir.
Ayrica sev egimi artirillarak analizler yapilmis ve bu durumun giivenlik sayisini

azaltip donati uzunlugunu artirdig1 gozlenmistir.

Bajlan (2016), Plaxis programi ile; geogrid donatili ve graniiler dolgulu toprak
duvar calismasi yapmistir. Duvar 6n yiizey kaplama elemani kalinlig1 ve cinsindeki
degisim ve duvarin On taraftaki gomme derinligindeki degisim; duvarin dis
stabilitesine 6nemli 6l¢iide tesir etmemistir. Donati uzunluklar arttikca giivenlik
sayis1 artarak duvar dis stabilitesi iyilesmis, yanal deplasmanlarda azalmalar
gozlenmistir. Donatilarin araliklarindaki degisim ve donatilarin deplasman
rijitliklerinin ve cekme mukavemetlerinin degisimi, duvar dis stabilitesini

etkilememistir. Deplasman rijitliklerinin artirilmasi, deplasmanlar1 azaltmistir.

Pmarlik vd. (2017), bir sev stabilitesi calismas1 yapmistir. Yapilan analizlerde,
geotekstil kullanilmadiginda gocme gerceklesmis; geotekstil kullanildiginda ise
stabilite hizl1 bir sekilde artmistir. Ayrica dolgu kayma direnci acisinin artmasiyla

stabilitede daha hizl bir artis gozlenmistir.

Can (2017), Plaxis programi ile geosentetik donatili duvar ¢aligmasi yapmistir.
Duvar yiiksekligi artirlldiginda diisey ve yanal deplasmanlar artmis, fakat dis
stabilite giivenlik sayis1 artmistir. Dolgu kayma direnci acis1 artirildiginda; yanal

ve diisey deplasmanlar azalmais, dis stabilite giivenlik sayis1 artmistir.

Almohd vd. (2017 bir donatili toprak duvar insaati i¢in, Plaxis programu ile bir
calisma yapmistir. Bu amacla, insaatin her asamasinda ve insaat tamamlandiktan

sonra deformasyon olciimleri alinmistir. Bu 6lctimlerde okunan deformasyonlarin,



Plaxis programi ile gerceklestirilen ¢oziimlerden elde edilen degerlerden daha

diisiik ¢iktig1 goriilmiistiir.

Nasir ve Sachdeva (2019), donatili toprak duvarlarin, diger istinat yapilan ile
karsilastirilmasi ile ilgili bir calisma yapmistir. Calisma sonunda; donatili toprak
duvarlarin diger istinat duvarlarina gore daha ekonomik olacagi sonucuna

varilabilecegi belirtilmistir.
1.2 Tezin Amaci

Istinat duvar tasarimlarinda, giivenli bir duvar1 en ekonomik sekilde insa etmek
en Onemli unsurdur. Bu baglamda tasarlanan duvar; herhangi bir stabilite
problemi olmadan, {izerine gelen yiikleri giivenli bir sekilde tasimalidir. Ayrica,
insa edilmesi diisiiniilen duvar, donatili bir toprak duvar ise; duvar, ilave olarak
donatilar arasi i¢csel kaymaya, donati kopmasina ve siyrilmaya karsi giivenli
olmalidir. Duvarin bu kosullarda ne olclide giivenli oldugu giivenlik sayisi
sonuclarina bakilarak anlasilmaktadir. Bir¢ok arastirmaci, bilim insani, kurum
veya yonetmelige gore giivenlik sayilar icin onerilen sinir kosullar bulunsa da
genel itibari ile bu oneriler global olarak bakildiginda birbirine benzer olmaktadir.
Duvar yiiksekligi, dolgu zemini ve temel zemini kayma direnci parametreleri,
duvar genisligi, duvar gomme derinligi, trafik yiikleri gibi duvar stabilitesine etki
eden bircok parametre bulunmaktadir. Bu tez calismasi kapsaminda; bu
parametrelerden bazilarinin hem statik hem de dinamik yiikleme durumlarina
gore stabiliteye etkileri, ayrica donatili toprak duvarlarda kullanilan geosentetik
malzemelerin rijitliklerindeki degisimlerin 6zellikle duvar i¢ stabilitesinde nasil
etkiler olusturacagi detaylica analiz edilerek spesifik olarak hangi parametredeki
degisimin hangi stabilite durumuna ne sekilde etki edecegi detayl bir raporlama

ile ortaya konmak istenmektedir.
1.3 Hipotez

Istinat yapilarinda duvar yiiksekligi artirildiginda, duvar arkasindan gelen yanal
toprak basinclar1 artacagi icin, duvar stabilitesi olumsuz etkilenip giivenlik
sayllarinin diismesi gereklidir. Geridolgu kayma direnci parametresi icsel
siirtlinme acis1 degistiginde, yanal toprak basin¢ katsayisinin degisimi ile toprak

basinclarinin degismesi ve duvar stabilitesinin olumlu/olumsuz etkilenip giivenlik
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sayilarinin da degismesi gereklidir. Duvar genisliginin artirilmasi ile duvar agirhig
artacagi icin, duvar dis stabilitesinin olumlu etkilenmesi ve giivenlik sayilarinin
artmasi gereklidir. Donat1 uzunluklarinin artmasi ile donati — dolgu arayiiz
siirtlinmesi artacag icin, duvar i¢ stabilitesinin olumlu etkilenmesi ve giivenlik
sayilarinin artmasi gereklidir. Donat1 diisey araliginin degisimi ile her bir donatiya
etkiyen yanal kuvvetin degismesi sonucu duvar i¢ stabilitesinin etkilenmesi

gereklidir.



2

ISTINAT DUVARLARI

istinat duvarlari; toprak kiitlesini belli bir seviyede tutmak ve topragin belli bir
yere dogru hareketini engellemek amaciyla kullanilan geoteknik miihendisligi
uygulamalarindandirlar. Tez kapsaminda donatili toprak duvarlar yer alsa da

sahada uygulanan farkli yapilarda istinat duvarlar1 vardir.
* Betonarme Konsol Duvarlar
* Donatili Toprak Duvarlar
* Masif (Agirlik) Duvarlar
» Palplans Perde Duvarlar
* Gabyon (Tel orgiilii) Duvarlar
» Kaset (Crib) Duvarlar
« Payandali Duvarlar

Bu tez calismasi kapsaminda, donatili toprak duvarlar ¢alisilmis olup; bu nedenle

bu boliimde bu duvar tipi aciklanacaktir.
2.1 Donatili Toprak Duvarlar

Donatili toprak duvarlar, duvari olusturan dolgu zemini icerisine metal serit ya da
geosentetik malzeme elemanlarinin donati olarak yerlestirilmesi ile insa edilen
giivenlik yapilaridir. Teknik olarak, sikistirilmis dolgu ile donati gorevi goren
metal ya da geosentetiklerin siirtiinme yoluyla birlikte calismalar1 prensibine
dayanir. Donati elemanlar1 en alttan yukar1 dogru yerlestirilmek suretiyle,
tasarlanan diisey araliklarla ve boylarla aralari dolgu zemini ile sikistirilarak insa
edilirler. Geleneksel duvarlarla karsilastirildiklarinda; maliyet, imalat hizi, estetik
goriinti ve deprem gilivenligi bakimindan daha avantajhidirlar. Ayrica
bulunduklar1 alanin geometrisine daha rahat uyum saglarlar. Esnek olmalari
sayesinde, deprem performansinin yanisira temel oturmalarina kars1 da daha

iyidirler.



Geleneksel istinat duvarlarina gore oOzellikle deprem acisindan daha efektif
¢ozlimler saglamasi bakimindan, her gecen giin daha da tercih edilmektedirler.
Deprem vyiikleri gibi dinamik yiikler altinda deprem dalgalarinin enerjisini
soniimlemeyebilme kapasiteleri nedeniyle Japonya gibi deprem acisindan son
derece riskli tilkelerde daha sik tercih edilmektedirler. Son derece esnek bir yapida
olduklar1 i¢in, yapim esnasinda ve isletme 6mrii boyunca olusacak yatay ve diisey
deplasmanlara izin vererek, depreme karsi daha dayanikli olurlar. Zayif
mithendislik o6zelliklerine sahip zeminlerin yeraldig1 insa sahalarinda da olasi

donme, gocme ve 6telenmeye karsi iyi bir performans gosterirler.

1995 yilinda, Japonya'nin en biiyiik sehirlerinden biri olan Kobe kentinde
gerceklesmis olan, Richter 6lcegine gore 7.2 biiyiikliigiindeki depremin ardindan,
Sekil 2.1’de goriildiigii tizere; ne yazik ki bir¢ok yap1 agir hasar almis; buna karsilik
on cephesi kaplamali donatili toprak duvarin stabilitesini korudugu goriilmiis
olup; bu durum donatili toprak duvarlarin, deprem riski yiiksek lokasyonlarda

giivenle kullanilabilecegi diisiincesini desteklemektedir.

Sekil 2.1 1995, Kobe, Japonya depreminden 1 hafta sonra (Ozcelik, 2018: 124)



2.2 Donatili Toprak Duvarlarin Avantajlari

o Imalat hizlarinin yiiksek olmasi ve diisiik maliyetli olmalar1

o Imalat hizlarinin yiiksek olmasi nedeniyle cevreye, yerlesim yerlerine ve

civarda yasayan canlilara daha az bir siire boyunca rahatsizlik vermeleri
o Esnek olmalari sayesinde depreme karsi daha dayanikli ve giivenli olmalari

o Esnek olmalar1 sayesinde yanal ve diisey deplasmanlara, temel zemini

oturmalarina kars1 daha iyi bir performans sergilemeleri

o On cephe kaplamas icin uygun secimler yapilarak estetik bir goriintii elde
edilebilmesi
o Geosentetiklerin yiliksek cekme mukavemeti sayesinde yiiksek yiik tasima

kapasitesine ulasabilmeleri

o Bulundugu alanin geometrisine rahat uyum saglayabilmeleri 6zellikler ile

sinirli alanlarda rahatlikla ¢alisilabilmesi
o Kolay ve stiratli iscilik
2.3 Donatili Toprak Duvarlarda Kullanilan Donat1 Cesitleri
. Geosentetikler
o Metal seritler
2.4 Geosentetik Donatili Toprak Duvarlar

Donatili toprak duvari uygulamalarinda, donati1 olarak daha cok geosentetik
malzemeler kulanilmaktadir. Bu geosentetik malzemeler de, daha siklikla

geotekstil ve geogrid malzemeleridir.

1970’lerden sonra oOzellikle Japonya ve ABD gibi iilkelerde, istinat duvari
uygulamalarinda kullanilmaya baslayan geosentetikler, giderek yayginlasarak
glintimiizde istinat duvari insasi icin 6nemli bir yere sahip olmustur. Duvar arkasi
dolgusu icerisindeki geosentetik donatilar, olusabilecek egik kayma yiizeylerine

kars1 blokaj yaparak oldukca ytiksek ve dik duvar sevlerine olanak saglamaktadir.



Geleneksel istinat duvarlari, topragin duvarda olusturdugu yiiki daha c¢ok
agirliklart ile karsilamaktadirlar. Donatili toprak duvarlar ise; bu yiikleri,

zeminden donati elemanlarina aktarilan gerilmeler vasitasiyla karsilarlar.

Geosentetik donatili toprak duvarlarda kullanilan geotekstil, geogrid gibi
malzemelerin yap1 maddeleri olan polipropilen, polyester, elyaf gibi maddeler
korozyona karsi direncli olup; bu durum geosentetikleri olusabilecek mukavemet
kaybindan 6nemli 6lciide korur. Bu bakis acisindan, diger donatili toprak duvar
cesidi olan metal serit donatili duvarlar, korozyon riski tasimasi bakimindan

geosentetik donatili toprak duvarlara gore dezavantajhidirlar.

Geosentetik donatili duvarlarin 6n yiizlerinde kullanilan yilizey kaplama
malzemeleri gelen taleplere ve projenin tiiriine gore degisebilmekle birlikte;
genellikle prekast rijit tabakalar, tugla kaplama ya da elastik yap1 malzemeleri
kullanilmaktadir. Ayrica bazi durumlarda c¢imlendirme teknigi ile de

orttilebilmektedirler.



3

DONATILI TOPRAK DUVARLARDA KULLANILAN
GEOSENTETIK CESITLERI

Geosentetik donatili toprak duvarlarda kullanilan geosentetik cesitleri asagida

siralanmustir.
* Geotekstiller
* Geogridler
* Geokompozitler
*  Geonetler
* Geomembranlar

* Geosentetik kil ortiiler
3.1 Geotekstiller

Polyester ve polipropilen gibi polimerlerden elyaf igneleme yontemi ile dokunarak
iretilen geotekstiller, polimer yiizey triinleridir. Korozyona kars1 oldukca direncli
olduklart icin, yer altinda ciiriime, paslanma, bozulma gibi risklere karsi

avantajlidirlar. Oldukca uzun 6miirlii istinat duvarlar saglarlar.

“Polimer, monomer adi verilen daha basit kimyasal birimlerin katlari1 olan makromolekiiller ad1
verilen cok biiyiik molekiillerden olusan dogal veya sentetik maddeler sinifindan herhangi biridir.
Polimerler, 6rnegin proteinler, seliiloz ve niikleik asitler dahil olmak {izere canli organizmalardaki
bircok materyali olusturur. Ayrica elmas, kuvars, feldspat gibi mineraller ile beton, cam, kagit,
plastik, kaucuk gibi insan yapimi maddelerin de temelini olustururlar. Polimer kelimesi,
belirtilmemis sayida monomer birimini belirtir. Monomer sayisi ¢ok fazla oldugunda, bazen yiiksek
polimer diye adlandirilir. Polimerler, ayni kimyasal bilesime veya molekiiler agirliga ve yapiya
sahip monomerlerle sinirli degildirler. Baz1 dogal polimerler bir tiir monomerden olusurlar.

Bununla birlikte, cogu dogal ve sentetik polimer, iki veya daha fazla farkli tiirde monomerden

olusur; bu tiir polimerler kopolimerler olarak bilinir” (Britannica, 2023).

Dolgu ile donati elamani arasinda arasinda olusan siirtiinme yoluyla cekme
gerilmelerini; zeminin, geosentetiklere aktarmasi yoluyla yiiklerin tasinmasi

dolayisiyla, geosentetikler arasinda; yiiksek siirtiinme direncine sahip olmalari
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nedeniyle, geotekstillerin kullanimi son derece yaygindir. Geotekstiller; orgiilii

veya orgiisiiz olarak imal edilmektedirler.

Orgiilii Geoteksiller: Ipliklerin kesintisiz bir sekilde birbirlerine dik acilarla
ortilerek imal edildigi bu geotekstil ¢cesidinin mukavemeti ve dayanikliligi oldukca
yliksektir. Genel itibari ile iplikler, kullanim 6émrii boyunca siirtiinmeden dolay1
yipranabilmekte ya da asinabilmektedir; fakat orgiilii geotekstillerin iplikleri giiclii
oldugu icin, mukavemet kaybina kolay kolay ugramamakta olup, giivenli ve

kaliteli bir imalat saglamaktadirlar (Sekil 3.1).

Sekil 3.1 Orgiilii geotekstil (Sernak, t.y.)

Orgiisiiz Geotekstiller: Orgiilii geotekstillerin aksine, dokumasi olmayan,
igneleme ile polyester, polipropilen elyaflarin birlestirilmesiyle imal edilen

geotekstil cesididirler (Sekil 3.2).

Geotekstiller, serildigi alanda islevini yerine getirmeye basladiktan sonra toprakla
birlikte rahatlikla islevsellik gosterebilen gecirimli geotekstil iiriinlerdir. ipliklere
donistiiriilmeden, dogal veya sentetik kesiklerle birbirlerine eklenerek, istenilen

ebatlarda hazirlanan elyaflar ile imal edilirler. Homojen bir yapiya sahiptirler.
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Sekil 3.2 Orgiisiiz geotekstil (Sernak, t.y.)

3.1.1 Geotekstillerde Kullanilan Maddeler

Geotekstiller; polipropilen, polyester, poliamid, polietilen gibi polimer maddelerin
belli oranlarda katilarak imal edildigi triinlerdir. Bu alanda {iiretim yapan
firmalarin iiretim bigcimlerinde farkliliklar olabilmektedir. Bu durumda, icerik
oranlar1 ve kullanilan maddelere gore geotesktillerin yapisal o6zellikleri

bakimindan farkliliklar gozlenebilmektedir.

Polipropilen: Geotekstiller imal edilirken en fazla katilan maddedir. Madde
olarak; kimyasal atiklara kars1 dayaniklilik, yiik tasima kapasitesi ve koruyuculuk
bakimindan son derece etkilidir. Arazide, zemin tabakalarini ayirma ozelligi;
gozenekli yapis1 sayesinde gecirgenlik 0Ozelligi; zemin icerisindeki suyun

uzaklastirilmasini saglayan filtrasyon o6zelligi gibi islevleri saglamaktadir.

Poliamid: Suya ve asinmaya karsi yiiksek dayaniklilik ve diren¢ gosteren bir
maddedir, fakat c¢cok uzun zaman boyunca su icerisinde kaldig1 takdirde

miihendislik ézelliklerinde belli oranlarda diisiisler yasanabilmektedir. Istenilen
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diizeyde verim ve performans alinabilmesi icin katki maddeleri

karistirilabilmektedir.

Polyester: Yiiksek sicakliklara karsi dayanikli, Ozelliklerini koruyabilen bir
maddedir. Yer altinda cesitli madenlere ve kimyasallara karsi son derece
direnclidir, fakat bazi kimyasallara kars1 direngsiz olabildigi icin, deneylerle veri
alinarak test edilmesinde fayda olabilir. Deniz suyuna karsi da direnclidir.
Kullanim amacindan dolay: toprak icinde maruz kalacagi siirtiinmelere karsi,

geotekstile yiiksek dayaniklilik kazandirir.

Polietilen: Yiiksek yogunluga ve cok sert bir yapiya sahip olan bir maddedir. Tiim
kimyasallara ve siirtlinmelere karsi oldukca direnclidir, fakat cok fazla 1s18a ve
yliksek sicakliklara maruz kalirsa veya asir1 nemli ortamlarda uzun siire bulunursa
bozulma ve yipranma gibi yapisal sorunlar bas gosterebilmektedir. Bu sebepten
otiirli saklama kosullar1 konusunda tedbirli olmak gerekir. Olumsuz faktorlere
kars1 Istenilen diizeyde direnc saglanabilmesi icin, katki maddeleri

karistirilabilmektedir.
3.1.2 Geotekstillerin Uygulamalarda Avantajlari

e Korozyona karsi direncli olmalar1 sayesinde metal serit donatilara gore

olduke¢a avantajhidirlar.

e Giines 1sinlarina, ultraviyole 1sinlara, yiiksek sicakliklara karsi

direnclidirler.

e Yer altinda kimyasallara ve bakterilere karsi direnclidirler. Bu sayede
clirime, bozunma, paslanma, yipranma ve parcalanmalara karsi oldukca

dayaniklidirlar.

e Cekme mukavemetleri yiiksektir. Bu sayede yanal toprak basinclarindan
dolay1 zeminde olusan cekme gerilmeleri giivenli bir sekilde geotekstillere

aktarilarak duvarin stabilitesi saglanir.

e Cekme mukavemetlerinin ve deplasman rijitliklerinin yiiksek olmasi

sayesinde kopma, delinme ve uzamalara karsi1 oldukca giivenlidirler.

e Gozenekli bir yapida olmalari, gecirgenlik ve hidrolik iletkenlik gibi

mithendislik 6zellikleri saglamaktadir. Bu sayede suyun gecisine izin
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verirken zemin danelerini tuttugu icin, filtrasyon ve drenaj

uygulamalarinda kullanilmaktadirlar.

Yol insaatlarinda; agregalarla olusturulmus dayaniklilik saglayan stabilize
tabaka ile temel zemininin arasina yerlestirilerek, stabilize tabakanin temel
zeminine karisarak bozunmasini Onler, yolun omriinii uzatir, bakim
masraflarini azaltir, yukaridan gelen trafik yiiklerinin de bir kismini tizerine
alarak daha ince bir stabilize tabakanin yeterli olmasini saglayarak
maliyetleri diisiiriir ve daha iyi sikistirllmis bir stabilize tabakanin elde

edilmesini saglarlar.

Deformasyon modiilleri oldukca yiiksek oldugu icin, bulunduklar1 zeminin
mukavemetini artirir ve biiylik yiikler altinda diisiik deplasmanlar ve

oturmalara izin verirler.

Filtrasyon oOzellikleri sayesinde dolgu malzemelerinin yer degistirme
yapmasini engelleyerek dalgalarin, sahil kenarlarinda bulunan yapilara

zarar vermesini engellerler.

Kum drenlerin uygulandigi yerlerde drenlerin cevresini kusatarak kil ve silt

gibi ince danelerin zamanla dren icine girerek dreni ttkamasini engellerler.

3.1.3 Geotekstillerin Insaat Miihendisliginde Kullanimi

Istinat Duvarlarinda Donatilandirma

Zayif Zeminlerin Islah ve Giiclendirme Uygulamalari

Bina Temellerinde Gii¢clendirme

Dolgu Insaatlarinda Giiclendirme

Karayolu ve Demiryolu Insaatlarinda Asfalt Giiclendirme (Sekil 3.4)
Karayolu ve Demiryolu Yarma ve Sevleri (Sekil 3.3)

Liman Yapilar1 ve Dalgakiranlar

Sert Zemin Uygulamalari

Killi ve Graniiler Zeminlerin Ayirma Uygulamalari

Filtrasyon Uygulamalari
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e Drenaj Uygulamalan (Sekil 3.5)

e Dere, Akarsu ve Nehirlerin Islahi

1 S —— Yol kaplamas)

"\ Ayrega fabakas

(e u Lsti] —— e Lamin

Kapsil

S Dle GEVLERDE GEoTersTiUn kuLLANILAS!

Sekil 3.3 Geotekstilin sevlerde kullanimi (Ersoy, 1985: 179)
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Sekil 3.4 Geotekstilin karayolunda kullanimi (Ersoy, 1985: 178)
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Sekil 3.5 Geotekstilin drenaj amaclh kullanimi (Ersoy, 1985: 184)

3.2 Geogridler

Geogridler; ekstriizyon, yapistirma gibi yontemlerden biri kullanilarak, plastik

cekme elemanlarinin birbirlerine entegre edilmesi ile imal edilen ag bicimindeki

diizlemsel bir geosentetik ¢esididirler (Sekil 3.6).

Hafif ve giicliidiirler. Korozyona ve kimyasallara karsi olduk¢a dayaniklidirlar.

Paslanmaz oOzellikleri sayesinde, beton icerisinde de kullanilabilmektedirler. Ayni

zamanda tek yonlii ve cift yonli yiik tasima islevini yerine getirebildikleri icin,

donat1 olarak kullanilabilen geosentetik cesitleri arasinda oOnemli bir yere

sahiptirler ve zemin yapilarini giiclendirmede genis bir kullanim alanlar1 vardir.

Gekme yiiklerini tizerine alarak yiikiin daha genis bir alanda tasinmasini

saglayarak tasima giiciinii artirmaktadirlar. Esnek yapida olmalari sayesinde

deprem, riizgar ve trafik yiikleri gibi dinamik yiiklerin daha efektif bir sekilde
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soniimlenmesini saglarlar. Esneklik ve siineklik 6zelliklerinin son derece yiiksek
olmasi sayesinde yiiksek cekme gerilmelerini tasiyarak cok daha uzun omiirli
yapilar elde edilmesini saglarlar. Zemin yapilarinda daha siklikla kullanilmasinin

ana sebeplerinden biri de budur.

Ozet olarak; korozyona kars1 direncli olmast, yiiksek mukavemetli olmas, siineklik
diizeyinin yiliksek olmasi gibi 6zellikleri insaat miihendisligi faaliyetleri icin
avantajli olmaktadir. Yogunluklarinin da oldukca diisiik olmasi nedeniyle nakliye,

tasima ve iscilikleri oldukca rahat ve siiratlidir.

l.i..l.ﬂli "d\ww \
.lIIllllllllﬂlLf.
llllllllllll“‘m 4
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Sekil 3.6 Geogrid (Insapedia, 2019)
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3.2.1 Geogrid Malzemenin Kullanim Alanlan
e Kaplamasiz yollarda kirmatas agregalarin altinda,

e Demiryolu insaatlarinda balastin altinda,

“Balast, demiryolu platformunun {izerine serilen, belli bir tabaka kalinlig1 olan kirilmus,
keskin koseli ve kenarli taslardir. Balastlar, demiryolu baglantilarinin yiikiinii tasimak,

suyun bosaltilmasini kolaylastirmak ve yol yapisina miidahale edebilecek bitki ortiisiinii azaltmak

icin kullanilirlar” (Solomon, 2001).
e Sirsarj dolgularinin altinda,
e Toprak dolgulu barajlarda giiclendirme amaciyla,

e Toprak kaymalari, erozyon ve sev kaymalarina karsi giiclendirme ve

iyilestirme amaciyla,
e Donatili toprak duvarlarda giiclendirme amaciyla,
e Donatili toprak duvarlarda 6n cephe panelinin duvara ankraji amaciyla,
e Zayif zeminlerde temel zemininin giiclendirilmesinde,
e Kazikli temellerde kazik basligi ile gévdesi arasinda giiclendirme amaciyla,
e Karayolu insaatlarinda asfaltin giiclendirilmesinde,

e Saha beton uygulamalarinda hasir donati1 olarak kullanilmak suretiyle

gliclendirme amaciyla,
e Geotekstiller ile geomembranlar arasinda ayirma islevi saglamak icin,
e Kati atik depolarinda giiclendirme amaciyla kullanilmaktadirlar.
3.2.2 Geogridlerin Uretim Metodlar
Geogridler, iiretim metodlarina gore {i¢ basglik altinda siniflandirilmaktadirlar.
e Ekstriizyon yontemi
e Dokuma yontemi
e Yapistirma yontemi

Geogridlerin, cekme mukavemetleri, dayanikliliklari, siineklik diizeyleri; asinma,

yipranma ve kopma gibi olumsuzluklara karsi direnc seviyeleri; birlesim ve
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baglanti detaylar1 bu tiiretim asamalari sonucunda ortaya cikar. Ekstriizyon

yontemi uygulandiginda ¢ekme mukavemetleri son derece yiiksek olur.
3.2.3 Geometrilerine Gore Geogridler

Geogridler; tek eksenli, iki eksenli veya tii¢ eksenli olabilmektedirler. Gerilme
aktarimi bu eksenler boyunca olacag: icin, geogrid secimi yapilirken, yapiya

etkiyen ylik durumuna dikkat edilmelidir.

Tek eksenli geogridler, iizerlerine gelen yiikleri herhangi bir dogrultuda tek bir
eksen vasitasiyla iletirler (Sekil 3.7). Yiik aktarimi yalnizca bu eksen tizerinden
tek dogrultuda gerceklesir. Karayollarinda, temel zeminlerinde (Sekil 3.8) ve

donatili toprak duvar imalatlarinda sikca kullanilmaktadirlar.

Sekil 3.7 Tek eksenli geogrid donat1 (Insapedia, 2019)

19



Sekil 3.8 Temel zemininde tek eksenli geogrid kullanimi (Ozcelik, 2018: 40)

Gift eksenli geogridler, iizerlerine gelen yiikleri birbirlerine dik olmak {izere iki
dogrultuda her iki eksen vasitasiyla iletirler (Sekil 3.9). Genellikle temelalt:
yumusak zeminlerin donatilandirilma ile giiclendirilmesinde, yol insaatlarinin
dolgularinda, donatili toprak duvarlarin donatilandirma ile giiclendirilmesinde

yaygin olarak kullanilmaktadirlar.

Sekil 3.9 Cift eksenli geogrid donat1 (Insapedia, 2019)
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3.3 Geomembranlar

Geomembran; ayiric1 ve gecirimsizlik ozellikleri ile su yalitimi saglamak amaciyla
kullanilan geosentetik yalitim oOrtiilerine verilen isimdir (Sekil 3.10). Delinme,
yirtilma, ezilme gibi olumsuzluklara kars: son derece direncli olmalar: sayesinde
beton, zemin, kaya gibi ortamlarda kullanilabilmektedirler. Catilar, bina temelleri,
goletler, havuzlar, su yapilar1 gibi bircok yapida su izolasyonu amaciyla

kullanilmaktadirlar.

Sekil 3.10 Geomembran uygulamas: (Akaydin ve Yilmaz, t.y.: 26)

3.3.1 Geomembran Uretimi

Geomembranlar; PVC icerisine cesitli kimyasallarin (6rnegin polimer recinesi)

katilmasi ile genelde tabakalar halinde tretilirler.

PVC, Poli-Vinil-Clorur kelimesinin bas harflerinden olusmus bir terimdir. Esasen
bir polimer tiirtidiir. Bircok alanda kullanilmaktadir. Petrol ile tuzdan petrokimya

tesislerinde tretilir.
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3.3.2 Geomembranlarin Mekanik Ozellikleri

o Genel olarak kimyasal maddelere kars1 dayaniklidirlar.

o Gecirimsiz olmalar sayesinde oldukca etkin bir su izolasyonu saglarlar.
o Delinme, yirtilma, catlama ve ezilmelere karsi oldukca direnclidirler.

o Kullanim Omiirleri olduk¢a uzundur.

o Cekme mukavemetleri yiliksektir.

. Isciligi kolaydur.

o Ultraviyole ve giines 1sinlarina karsi direnclidirler.
o Bakim ve onarimlari kolay ve diisiik maliyetlidir.
. Esnek yapidadirlar.

3.3.3 Geomembranlarin Uygulama Alanlar

Geomembranlar; c¢evre miihendisligi, geoteknik miihendisligi, hidrolik
mithendisligi, ulastirma miihendisligi ve endiistri miihendisligi gibi bircok
mithendislik alanindaki imalat ve yapim islerinde, islevlerine gore

kullanilabilmektedirler.

o Atik siv1, atik camur depolarinda,

o Icme suyu, sulama ve siis goletlerinde,

. Atik su aritma tesislerinde,

. Tarimsal sulama havuzlarinda,

o Radyoaktif atik sivilarinin depolanmasinda,

o Tarim endiistrisinde astar fonksiyonu icin,

. Su endiistrisindeki goletlerde astar fonksiyonu icin,

o Su tasima kanallarinda su izolasyonu amaciyla,

o Cesitli atik tasima kanallarinda su izolasyonu amaciyla,

o Bina temellerinin, catilarinin ve bodrum kat perde duvarlarin su izolasyonu
amaciyla,
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o Tiinellerde ve boru hatlarinda su yalitim astari fonksiyonu icin,

o Dolgu barajlarin yiizeylerinde,
o Yol ingaatlarinda asfalt altinda su izolasyonu amaciyla,
o Su haznelerinde olasi su problemlerini 6nlemek amaciyla kullanilirlar.

3.4 Geokompozitler

iki ya da daha fazla geosentetik malzemenin bir araya gelmesi ile iiretilir. Bu
malzemeler genellikle geogrid ve geotekstil olarak secilir. Geogrid, kompozit
elemana mukavemet kazandirirken; geotekstil ise, daha cok ayirma ve filtrasyon
ozelliklerini yansitir. Kompozit elemanda geomembran kullanilir ise, geotekstil bu

durumda geomembranin deforme olmasini engelleme gorevini iistlenir.

Genel olarak geokompozitler, birbirinin tamamlayicisi olabilen ve birbiriyle
uyumlu calisabilen iki veya daha fazla farkli cesit geosentetigin birlesiminden
iretildikleri icin, kullanilacaklari yere ve kullanim amaglarina uygun, oldukca iyi

miithendislik 6zelliklerine sahip malzemeler olarak 6ne ¢ikmaktadirlar.
3.4.1 Geokompozitlerin Kullanim Alanlar1

o Demiryolu ve Karayolu ingaatlar1

o Donatili toprak duvarlar

. Yatay ve diisey kum drenler (Sekil 3.11)

o Barajlar ve su kanallari
o Yol ve hava limanlari
o Donatili sevler

Bu uygulamalarda ayirma, filtrasyon, drenaj ve donati ile giiclendirme
fonksiyonlarindan en az bir tanesi yerine getirilmektedir. Geokompozitler,
oldukca iyi miihendislik 6zelliklerine sahip olmalarina ragmen diger geosentetik
cesitlerine oranla iiretimleri zor ve maliyetlidir. Maliyet bakimindan dezavantajli
olmalarina ragmen geoteknik uygulamalarinda kullanimlar1 giin gectikce daha da

yayginlasmaktadir.
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Sekil 3.11 Dren uygulamasinda geokompozit kullanimi (Geobera, t.y.)

3.5 Geonetler

Geonetler, grid yapida olmak suretiyle polimer maddelerden imal edilen
malzemelerdir (Sekil 3.12). Drenaj saglamak amaciyla kullanilirlar. Ayirma ve
donat1 amach pek fazla tercih edilmeseler de 6zellikleri bu fonksiyonlar i¢in de
kullanilmalarina elveriglidir. Dayanimlar1 yiiksektir. Uygulamalarda diger
geosentetiklerle birlikte kullanilabilmektedirler. Diger geosentetik cesitlerinin alt
ve st ylizlerinde kullanilarak, zemin danelerinin bosluklara girmesi sonucu

malzemenin drenaj 6zelligini kaybetmesine engel olurlar.

Sekil 3.12 Geonet (Geobera, t.y.)
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3.5.1 Geonetlerin Kullanim alanlan

o Istinat duvarlarinin arka tarafinda suyun drenajini saglamak amaciyla,

. Sevlerde suyun drenajini saglamak amaciyla,

o Spor sahalarinin altinda suyun drenajini saglamak amaciyla,

o Don olayina karsi duyarli zeminlerde suyun drenajini saglamak amaciyla,

o Bina temellerinin altinda suyun drenajini saglamak amaciyla,

o Otoyollarin altinda kirli suyun drenajin1 saglamak amaciyla,

o Toprak dolgularin altindaki drenaj sistemlerinde suyun drenajini saglamak
amaciyla,

o Yiikk altinda, drenaj ortiilerinde suyun drenajini saglamak amaciyla
kullanilirlar.

3.6 Geosentetik Kil Ortiiler

Geosentetik kil ortiiler; iki geotekstil tabakasinin arasina bentonit kili
yerlestirilmek suretiyle elde edilen geosentetik cesididirler. Ana kullanim
amaclari, zemin icerisindeki suya ve diger sivi Ozelligi olan malzemelere ve
kimyasallara kars: hidrolik bariyer olmaktir. Geosentetik kil ortiiler, ilk olarak bir
kat1 atik toplama tesisinde kullanilmistir. Altinda yer alan zemin {izerinde
olusmasi muhtemel farkli oturmalari engelleyerek daha giivenli bir zemin ortami

saglarlar. Imalati ve yerlestirilmesi pratikte kolay olup maliyetleri diisiiktiir.

3.6.1 Geosentetik Kil Ortiilerin Kullanim Alanlar

o Dolgularda geomembranlarin altinda birincil ve ikincil kaplama katmani

olarak, yer altinda tesis edilen depolarda ikincil kaplama katmani olarak,

o Geomembranlarin iistiinde iri agregalara karsi delinme ve yirtilmalara kars:

korumak amaciyla,
o Yiizey sularini belli bir bolgede tutabilmek amaciyla bent olusturulmasinda,

o Su havuzlarinda, geomembranlarin altinda yine koruma amacli kompozit

kaplama olarak kullanilirlar.
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4

DONATILI TOPRAK DUVARLARIN STABILITESI

Donatili toprak duvarlarin stabilitesi, asagida siralandigi gibi dort temel baslik

altinda incelenebilir (Sekil 4.1-2).

Dis stabilite
Ic stabilite
Yiizey elemaninin stabilitesi

Toptan go¢cme

DIS
STABILITE =

a) Kayma

iC o
STABILITE

d) Kopma

YUZEY
ELEMANI

g) Baglanti Kopmasi

&

@
&
&

h) Blok Kaymasi

b) Devrilme

/i

e) Siyrilma

¢) Tagima Giicii

—

Q@

.

f) Lokal kayma

¥

——

i) Blok Devrilmesi

Sekil 4.1 Donatili toprak duvar stabilite durumlar (Ozcelik, 2018: 31)
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Sekil 4.2 Donatili toprak duvar toptan gocmesi (Berg vd., 2009: 4-64)

4.1 Dig Stabilite

o Otelenme (Kayma): Otelenme giivenliginin saglanabilmesi icin,
otelenmeye kars1 koyan kuvvetin (duvarin altinda olusan duvarla temel
zemini arasindaki siirtiinme kuvveti), 6telenmeye zorlayan yanal toprak
kuvvetine orami ile hesaplanan gilivenlik sayisinin, Onerilen giivenlik
sayisina esit veya daha biiyiik olmas1 gerekmektedir (Tablo 4.1). Aksi

takdirde duvar, olasi yanal hareket kaynakli olarak go¢me riski tasir.

o Devrilme (Donme): Devrilme giivenliginin saglanabilmesi i¢in, devrilmeye
kars1 koyan momentin, duvari devirmeye calisan yanal toprak kuvvetinin
(varsa siirsarj, su vs.) momentine orani ile hesaplanan giivenlik sayisinin,
onerilen giivenlik sayisina esit veya daha biiyiik olmas1 gerekmektedir

(Tablo 4.1).

o Tagima giicli: Duvarin altindaki temel zemini parametrelerine gore
Terzaghi veya genel tasima giicii denklemi kullanilarak hesaplanan tasima

glicliniin, temel diizeyinde olusan taban basincina oram ile hesaplanan
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gliivenlik sayisinin, Onerilen giivenlik sayisindan biiyiik olmasi
gerekmektedir (Tablo 4.1). Aksi takdirde, duvarin stabilite problemi
olusma ihtimali bulunmaktadir (Sekil 4.3).

Sekil 4.3 Donatili toprak duvar tasima giicii gd¢mesi (Ozcelik, 2018: 33)

4.2 ¢ Stabilite

Ic stabilite problemlerinin degerlendirilmesinde asagida siralanmis durumlar

dikkate alinmalidir (Sekil 4.4).

o Donatida kopma

o Donatinin zeminden siyrilmasi
. Icsel kayma

Donatili toprak duvarlarda i¢ stabilitenin saglanabilmesi icin, donatilarin kopma
olmadan gilivenle yiik tasiyabilecek c¢ekme dayanimina sahip olmasi
gerekmektedir. Bunun yani sira, donatilar, siyrilma problemine maruz
kalmamalidir. Ayrica, donati ile geridolgu arasindaki siirtiinme yetersiz ise zemin
hareketleri sonucu herhangi bir donat1 iizerinde i¢sel kaymalar meydana gelebilir

(Sekil 4.4).
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Geosentetik donatilarin diisey araligi, donati sayisi1 ve uzunluklari, stabilite

durumlarini saglayacak sekilde ve sinir degerler uyarinca secilmelidir (Tablo 4.1).

IC
] 7
STABILITE ]

/S =

d) Kopma ¢) Siyrilma {) Lokal kayma

Sekil 4.4 Donatili toprak duvar i¢ stabilite durumlar (Ozcelik, 2018: 31)

4.3 Yiizey Elemani Stabilitesi

Donatili toprak duvarlarin yiizey elemanlarinin dogru bir sekilde dizayn edilmesi,
donat1 ile yilizey elemani birlesiminin yeterli olmasi; birlesim noktasindan
donatinin kopmasi, blok halinde kaymasi veya devrilmesi gibi stabilite

bozukluklarina karsi biiylik 6nem tasimaktadir (Sekil 4.5).

YUZEY %
ELEMANI

@

Q
Q@
@

L
¢) Baglanti Kopmasi  h) Blok Kaymas1 i) Blok Devrilmesi

Sekil 4.5 Donatili toprak duvar yiizey elemani stabilitesi (Ozcelik, 2018: 31)

4.4 Toptan Gocme

Olasi bir sev hareketi (kazi, su, deprem vs. kaynakli) nedeniyle, duvarin go¢cmeye
maruz kalmasi durumudur. Bu go¢cme durumu, diger gogme durumlarina gore cok
daha biiyiik hasarlar olusturabilir. Toptan go¢me analizi yapilirken cok sayida
olas1 go¢cme yiizeyi cizilerek ve uygun bir sev stabilitesi analiz yontemi kullanilarak

yapilan hesaplarda, gocme ylizeyi boyunca zeminin toplam kayma direncinin
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kayma gerilmelerine orani ile hesaplanan giivenlik sayisinin tiim senaryolarda

Onerilen sinir degeri saglamasi gereklidir (Tablo 4.1).

Tiim stabilite durumlar icin 6nerilen ve analizlerde kullanilacak olan giivenlik

sayilari, statik ve dinamik yiikleme durumlari icin Tablo 4.1’de listelenmistir.

Tablo 4.1 Stabilite durumlari i¢in 6nerilen minimum giivenlik sayilar1 (National
Concrete Masonry Association [NCMA], 2000: 2)
Yiikleme Modu
Stabilite Modu Kirilma Modu
Statik Dinamik (Sismik)

Otelenme

Devrilme
Dis Stabilite

Tasima Glicu

Toptan Go¢me

Icsel Kayma

Ic Stabilite Kopma

Siyrilma
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DONATILI TOPRAK DUVARLARIN TASARIMI

Tasarimin ilk adiminda i¢ stabilize analizi yapilarak, geosentetikler arasi diisey
araliklar (tabakalar1 ayirma mesafeleri), tasarim uzunlugu ve ist iiste bindirme

mesafesi belirlenir.

Tim giivenlik kosullar1 ve yonetmeliklerce belirlenmis gilivenli degerler
saglandiktan sonra devrilmeye, Otelenmeye, tasima giiciine ve toptan gocmeye

kars1 dis stabilite analizleri yapilir.

Bu analizler icin gerekli yanal basinclar (Sekil 5.1), asagidaki denklemler

kullanilarak hesaplanir.

P, 1 lf’: Hareketli yukler
A

Sarsarj D
/

13

IR I‘E ""-q Uh(
(O‘*— S - * -— =
¥
= - -
Q?R\ @5 + &12)
~— b
e
£ -
o— L,—»]| Zemin  SUrsarjdan Hareketli Toplam yanal
- — ], — yanal kaynakh yuklerden basing
basina  yanal kaynakl
basing yanal
basing

Sekil 5.1 Yanal basinclar (Koerner, 2005: 97)

Ky, =1 —sing (5.1

Qsirsarj = Vsirsarj * Dsﬁrsarj (5.2)
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Ops =Ko xy*2z (5.3)
Ohq = Ky * Asirsarj (5.4)
Op = Opg + th + On (5.5)
i = i = 1.1 " "\\\h |
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| i T x\ —
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n 0.2 LIE .6 0.8 (W] n L5 1.0 1.5
"’ 2
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. Poimit load (2. ’
| X =mA | Oy
F=—
. . Y ™
Lime I'::'“"IQ,I_ Far mp = (h4: "
X = mH A P
| | o, (_é‘f) — Il:lfll.r.- 5 jl|JI A | P
TR L A Fior me = (4
Z=nH Fy=035Q, ﬂ”(H"} _ 2Re?
£ . o Y e . 16 + )
i M Form > 04 1.11.1.'.1.11.'-,1” f
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A8 ) 2y
R T (Q } = i J:z]-. o (rr*J - _LTTmn?
i " - o - ] |
= 'l | ¥ QP ) [HI o :I
Resultant P, = (LBdCr, - AFy = o (1.14)
{mt + 1) z L
Pressure from line load @, )
[ Boussinesq equation modified —
by experiment)
X = mHI
Section A-A
Fressures from point load £,
{Bonmsinesy equation modified by experiment)

Sekil 5.2 Siirsarj yiikiiniin (nokta yiik) hesab1 (Koerner, 2005: 98)

Zemin ylziinden duvar tabanina kadar rasgele derinliklerde (6rnegin 1 m

araliklarla), Denklem 5.6 ile geosentetikler arasi1 diisey araliklar (s,) hesaplanir.

Her bir derinlikte hesaplanan degerlerden kiiciik olmasi kosuluyla, minimum 0.20
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m ve maksimum 1.0 m olacak sekilde geosentetikler icin diisey aralik tasarim
degeri belirlenir. FS giivenlik sayisinin, 1.3-1.5 arasinda secilmesi 6nerilmektedir
(Koerner, 2005: 97,99).

Sv = o, * FS

(5.6)

Her bir derinlikte, Rankine kayma diizlemi i¢inde kalan uzunluk L, (Denklem 5.8)
ile ankraj bolgesindeki efektif uzunlugu L. (Denklem 5.9) hesaplanarak toplanir
ve toplam geosentetik uzunlugu L (Denklem 5.7) bulunur (Sekil 5.1). Eger
hesaplanmis L. uzunluklar1 0.90 m’den kii¢lik olursa, 0.90 m almmir (Koerner,
2005: 99). Sonuc olarak hesaplanmis toplam uzunluklardan biiyiik olacak sekilde

geosentetikler i¢in bir tasarim uzunlugu secilir.

L=L,+1L, (5.7)

L, = (H— ) * tan (45 — %) (5.8)
S, x o0, * FS

. v_& (5.9)

=2*(c+y*z*tan6)

Ust {iste bindirme uzunlugu, Denklem 5.10 ile hesaplanir (Sekil 5.1). Donatilarda
olusan cekme gerilmeleri, kayma diizleminin yakininda maksimumdur. Kayma
diizleminden uzaklastikca azalim gosterir. Bu nedenle, gerilmeler bu denklemde
o1/2 olarak alinir (Koerner, 2005: 99).

_ Sy *op *x FS
" 4% (c+y*zxtand)

Ly (5.10)

Lo, ve L. hesabinda kullanilan o, icin hesap yapilirken; z derinligi, her bir tabaka

icin tabaka orta noktasi olarak alinir.

Bu sekilde duvarin ve geosentetiklerin tasarim boyutlar1 belirlenip ic stabilite
analizi tamamlanmis olur. Sonrasinda devrilme, 6telenme, tasima giicii ve toptan
gocme analizleri de yapilarak her biri icin onerilen giivenlik sayilar1 ayr1 ayri

saglanmalidir (Sekil 5.3).
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fal b

icl

Sekil 5.3 Dis stabilite go¢cme durumlar1 (Devrilme (a), Otelenme (b), Tasima
giicli (c)) (Koerner, 2005: 100)

Rankine (1857) Yontemi ile Otelenme ve Devrilme tahkiki

Bir istinat duvarina etkiyen yanal toprak kuvveti hesabinda K, (siikunetteki yanal
toprak basinci katsayisi) veya K, (aktif yanal toprak basinci katsayisi) kullanilir. K,
(stikunetteki yanal toprak basinci katsayisi) bir 6nceki boliimde, Denklem 5.1 ile
verilmistir. K, (aktif yanal toprak basinci katsayisi) ise, asagida sunulmustur.
Denklemdeki @ parametresi, geridolgu zemininin icsel siirtiinme agisi1 degeridir.
Ayrica, asagidaki denklem icin duvarin arkasindaki zemin yiiziiniin yatay oldugu

ve duvar ile geridolgu arasinda stirtiinme olmadig: varsayilmaktadir.
2 %
K, = tan“(45 — E) (5.11)

Duvarda olusan toplam aktif kuvvet, Denklem 5.12 ile hesaplanir. Siirsarj yiikii
etkisi yoksa denklemdeki ikinci terim alinmaz. Denklemdeki y parametresi, yine
geridolgu zemininin birim hacim agirlik degeridir. Ayrica denklem, duvarda yer
alti suyu etkisi olmadig1 ve geridolgu zemin cinsi ve parametrelerinin duvar

yliksekligi boyunca degismedigi durum icindir.
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_YxH?xK,

P, >

+ Asirsarj * Ka *H (5'12)

Duvarin toplam agirligi Denklem 5.13 ile hesaplanir. Burada vy, parametresi,
duvar dolgusunun birim hacim agirligidir. L. ve H parametreleri ise, sirasiyla duvar
genisligi ve yiiksekligidir.

W =Yaoigu *L*H (5.13)

Temel zemini ile duvar arayiiziinde olusan siirtiinme kuvveti Denklem 5.14 ile
hesaplanir. Duvar ile temel zemini arayiiz siirtiinme acis1 8, genellikle (2/3) ile;
araytiiz kohezyonu c, ise genellikle (2/3)c ile hesaplanir. Burada kullanilan @ ve c

parametreleri, temel zemininin i¢sel siirtiinme acisi ve kohezyon degerleridir.
Ve =W xtand + ¢, * L (5.14)

Devrilmeye karsi giivenlik sayisi hesabi icin gerekli olan, My duvar agirliginin

olusturdugu moment olup, Denklem 5.15 ile hesaplanir.

Mp =W * % (5.15)

Duvar1 devirmeye calisan kuvvetler ise, yanal toprak kuvveti, siirsarj yiikiintin
etkisiyle duvarin arkasinda olusan yanal kuvvet, su kuvveti (duvara etkimesi
onlenmelidir) ve deprem kuvvetidir. Bu kuvvetlerin (su kuvvetini etkimesi
engellenerek ve deprem durumu haric) olusturduklari toplam moment, Denklem
5.16 ile hesaplanir. Siirsarj yiikii etkisi yoksa denklemdeki ikinci terim alinmaz.
Ayrica denklem, geridolgu zemin cinsi ve parametrelerinin duvar yiiksekligi
boyunca degismedigi durum i¢indir.

yxH?x K, H H
My = # * (§> (qsﬁrsarj * Ky H) * (E) (5.16)

Sonug olarak; duvarin 6telenmesine karsi koyan taban siirtiinmesinin, duvari
Otelenmeye zorlayan toplam yanal aktif kuvvete orani ile hesaplanan 6telenme
giivenlik sayis1 (Denklem 5.17), onerilen giivenlik sayisina esit veya daha biiyiik

ise duvar otelenmeye kars1 giivenlidir (Tablo 4.1).

Vs
FSstetenme = 5
a

(5.17)
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Duvarin devrilmesine karsi koyan kuvvetlerin momentleri toplaminin, duvari
devirmeye calisan kuvvetlerin momentleri toplamina orani ile hesaplanan
devrilmeye kars1 giivenlik sayisi (Denklem 5.18), onerilen giivenlik sayisina esit

veya daha biiyiik ise duvar devrilmeye karsi glivenlidir (Tablo 4.1).

Mpg
FSgevritme = M_ (5.18)
D

Coulomb (1776) Yontemi ile Otelenme ve Devrilme Tahkiki

Coulomb yonteminde, Rankine yonteminden farkli olarak duvarin arkasindaki
arayliz stirtiinmesi gozoniine alinmaktadir. Bu durumda yanal toprak basing
katsayisi, Denklem 5.19 ile hesaplanmaktadir. Bu denklemde, @ geridolgu
zemininin igsel siirtiinme acgis1 olup, arayiiz siirtiinme acis1 @, genellikle (2/3)®
ile hesaplanir. Duvarin arka yiizliniin diisey diizlemle yapti§1 a acisi, donatili
toprak duvarlarda genellikle O olur. 8 ise, duvarin arkasindaki zemin yiiziiniin

yatay diizlemle yaptig1 agidir. Zemin yiizii yatay ise O alinir.

cos?(p — a) (5.19)

cos?a * cos(g,, + @) * [1 + \/;I;((Z:fzg : zl)ns((gcoz :g))]z

K, =

Duvara etkiyen aktif toprak kuvveti P,, K, degeri yerine konularak Denklem 5.12
ile hesaplanir. Fakat arayiiz siirtiinmesi goz oniine alindigi i¢in, duvarin arka
ylizline yatay olarak degil, yatay diizlemle (a+®,) acisi ile etki etmektedir.
Burada a=0 oldugu icin, yatay diizlemle ®,, acisi ile etkir. Toprak kuvvetinin yatay

ve diisey bilesenleri bu a¢1 yardimiyla hesaplanir.

Duvarin agirligi ayni sekilde Denklem 5.13 ile hesaplandiktan sonra Denklem

5.20’de yerine konularak taban siirtiinmesi hesaplanir.
Ve = (W + B, *sing,,) *tand + ¢, * L (5.20)

Devrilmeye karst koyan kuvvetlerin momentleri toplami ile duvar1 devirmeye
calisan kuvvetlerin momentleri toplami, sirasiyla Denklem 5.21 ve Denklem 5.22
ile hesaplanir. Ayrica denklemler, duvarda yer alti suyu etkisi olmadigi ve

geridolgu zemin cinsi ve parametrelerinin duvar yiiksekligi boyunca degismedigi
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durum igindir. Stirsarj yiikii etkisi yoksa, Denklem 5.22’de ikinci terim hesaba

katilmaz.

L
Mg = (W * E) + (P, * sing,, * L) (5.21)

«H? x K
MB:(’;

* (cos )*(ﬁ)+( * K, * H) = (cos )*(E) (5.22)
) Pw 3 q* Rq Pw 5 .

Otelenme ve devrilmeye kars1 giivenlik sayilari, ayni sekilde sirasiyla Denklem
5.17 - Denklem 5.18 ile hesaplanarak ve Tablo 4.1’deki giivenli degerlere gore

kontrol edilerek, 6telenme ve devrilme giivenlik tahkikleri tamamlanir.
Eksantriklik ve Tagima Giicii Tahkiki

Eksantrisite, Denklem 5.23 ve 5.24 ile hesaplanir. Burada }V, diisey ytiklerin

bileskesini ifade eder.

X =—a (5.23)

o = (5.24)

Bu durumda, maksimum ve minimum taban basinclari ise, sirasiyla Denklem 5.25

ve 5.26 ile hesaplanir.

N4 6e

Qmaks = T * (1+ T) (5.25)
N4 6e

Amin = T * (1 - T) (5.26)

Maksimum taban basincinin giivenli tasima giiciinden kii¢iik; minimum taban
basinci ise zeminin ¢ekme gerilmesi tasimamasi durumu nedeniyle 0’a esit ya da

0’dan biiyiik olmas: gerekmektedir.

Burada gorildiigi gibi, temel zemininin go¢me olmadan giivenli bir sekilde diisey
yliklerden dolayr temel diizeyinde olusan taban basinclarini tasiyip

tastyamayacagi tahkik edilir.
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Tasima giicli, Terzaghi yontemine gore Denklem 5.28 ile hesaplanir. Kohezyon
(c), icsel stirtiinme agist (@) ve dogal birim hacim agirlik (y) degerleri temel
zeminine gore alinir. Yer alti suyu olmadigi durumda efektif birim hacim agirlik
(v), dogal birim hacim agirliga esit olur. Terzaghi tasima giicii faktorleri ise, i¢sel
siirtiinme acgis1 degerine gore Tablo 5.1’den alinabilir. Denklemdeki sekil faktorleri

(s, sy) ise, 1 alinabilir.

Ayrica, Denklem 5.29 ile temel diizeyinde olusan taban basinci hesaplanir. Tagima
glicliniin taban basincina orani ile belirlenen giivenlik sayisi1 (Denklem 5.30),
Onerilen giivenlik sayisindan daha biiyiik ise, duvar tasima giicii gocmesine karsi

giivenlidir (Tablo 4.1).

Tablo 5.1 Terzaghi tasima giicti faktorleri (Coduto, 2001: 179)

| Terzaghi
| {fior use in Eguations &.4—5.6)
& | . —
{deg) N M, Ny
o | 57 1.0 0.0
1 6.0 1.1 L
2 | 6.3 1.2 .1
k| 6.5 1.3 0.2
4 | 7.0 1.5 o3
5 7.3 1.6 o4
a ] 7.7 1.8 0.5
7 B2 2.0 .5
] 1 8.5 22 0.7
@ 9.1 2.4 oo
10 o6 27 b0
11 10,2 3.0 1.2
12 10.8 33 1.4
13 114 3.6 1.6
14 12.1 4.0 1.9
15 12,9 4.4 32
16 13.7 49 2.5
i 14.5 55 2.9
18 15.5 &0 33
19 16.6 5.7 38
20 17.7 T4 4.4
21 189 5.3 5.1
i | 20.3 @2 39
23 27 1oz &8
24 | 234 114 7.9
25 251 127 9.2
6 7.1 142 1007
27 292 159 12.5
e 36 178 14.6
2% 4.2 200 171
_ 1) 372 2235 20,1
31 40,4 253 237
Iz 44,0 285 2ZE.0
33 48.1 32z 33.3
34 - 355 3.5
35 S7.8 4.4 47.3
a6 63.5 472 567
Ay 0.1 538 68,1
38 T7.5 ail.s 223
I &6.0 TG o
ET) 957 813 121.5
41 106.8 936 148.5
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GQuit = Cc*Nexsc+0,p%Ng+ 05y « L'« N, *s, (5.28)
N4
—= 5.29
q LI ( )
qui
FStaslma gici = %t (5.30)
Toptan Gé¢me Tahkiki

Toptan gocme, duvarin olasi bir sev hareketi nedeniyle gocmesi durumudur.
Potansiyel gbcme yiizeyleri cizilerek her birinin ayr1 ayr1 isvec Dilim Yéntemi veya

farkli bir sev stabilitesi yontemine gore tahkiki yapilir.

Her bir senaryoda, bir O merkezini goren kayma dairesi iizerindeki zemin,
dogruluk paymin artmasi icin, genislikleri 1-2 m olacak sekilde ¢ok sayida dilime
boliintir (Sekil 5.4). Her bir dilimin boyutlar1 geometri yardimiyla belirlendikten
sonra, Denklem 5.31 ile agirliklar: hesaplanir. Bu denklemde, bve h parametreleri

sirastyla her bir dilimin genisligi ve ortalama yiiksekligini ifade eder.
W=y*xbxh (5.31)

Incelenen dilimde yer alt1 suyu mevcut ise, o dilimin tabaninda olusan bosluk suyu

basinci degeri, Denklem 5.32 ile hesaplanair.
U= Yoy * hgy (5.32)

Dilim yontemi kullanilarak, asagida Denklem 5.33 ile verilen bir giivenlik sayisi

hesabiyapilir.

_X(c"* L+ (W xcosa—ux*L)xtand")

kS Y (W = sina)

(5.33)

Hesaplanan giivenlik sayisi, Tablo 4.1’deki toptan go¢me icin verilen giivenlik
sayisina esit veya daha biiyiik ise; duvar, toptan gocmeye karsi giivenlidir. L
uzunlugu ayri1 ayr1 her bir dilimin kayma dairesi tizerindeki taban yiizeyinin
uzunlugu, o acist dilimin taban yiizeyinin yatay diizlemle yaptig1 aci, ¢’ ve @’ o

dilime ait olan zeminin kohezyon ve i¢sel stirtiinme agis1 degerleridir.
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Sekil 5.4 Toptan gocme tahkiki dilim yontemi (Das, 2012: 611)

40




Deprem Yonetmeligine Gore Dinamik (Sismik) Yiikleme Durumunda Stabilite
Tahkikleri

Haritadan konum secilerek, bolgedeki arazi yapisina gore zemin sinifi ve bélgenin
deprem yer hareketi diizeyi secilerek, (Afet ve Acil Durum Yonetimi Baskanlig1
[AFAD], 2018) internet adresinden kisa periyot tasarim spektral ivme katsayisi
(Sps) belirlenir. Statik - esdeger deprem yikii azaltma katsayist (r), deprem
yonetmeligindeki ilgili boliimden belirlenir. Bu parametreler kullanilarak yatay
statik - esdeger deprem katsayisi (k) ve diisey statik - esdeger deprem katsayisi

(k,) hesaplanir. Bu kisim, Boliim 6’ da detayli olarak ele alinmistir.

Statik - esdeger deprem katsayisina bagli 6 (radyan) agisi yer alt1 su seviyesinin
temel taban seviyesinin altinda olmasi durumunda Denklem 5.34 ile hesaplanir

(Tirkiye Bina Deprem Yonetmeligi [TBDY], 2018: 356).

0 = tan™1( ) (5.34)

1+k,

Eger; yer alt1 su seviyesi temel taban seviyesi ile ayn1 seviyede ve zemin dinamik

olarak gecirimsiz ise, 6 acisi Denklem 5.35 ile hesaplanir (TBDY, 2018: 357).

Ya kn

0 = tan™1( *
Ya = Vsu 1+ kv

) (5.35)

Eger; yer alt1 su seviyesi temel taban seviyesi iizerinde bir yerde ve zemin dinamik
olarak gecirimli ise, 0 acis1 Denklem 5.36 ile hesaplanir (TBDY, 2018: 357).
|4 kn

— -1
0 = tan (Vd e *7 n kv) (5.36)

Bileske statik su basing¢ kuvveti Denklem 5.37’den hesaplanir. Bileske dinamik su
basin¢ kuvveti Denklem 5.38’den ve etkidigi noktanin yer alti1 su seviyesinden

derinligi Denklem 5.39’dan hesaplanir (TBDY, 2018: 354).

1
Py, = E *Vsu * d?u (5.37)

7
APy, = E * (0.4Sps) * Vsy * d?u (5.38)
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7= 0.6d,, (5.39)

Aktif basin¢ durumunda kullanilacak olan yanal toprak basing katsayisi; B<(dD4-6)
durumunda Denklem 5.40 ile, B>(®,-0) durumunda ise Denklem 5.41 ile
hesaplanir. Burada ®; zeminin tasarim icsel siirtlinme acisini, [ duvarin
arkasindaki zemin yiiziiniin yatay diizlemle yaptig1 actyi, 84 zemin ile duvar
araylizlindeki tasarim icsel siirtiinme acisini, ¥ ise duvarin arka yiiziiniin duvar
taban diizlemi ile yaptig1 aciy1 ifade etmektedir. 8, acis1 (2/3)®qile hesaplanabilir
(TBDY, 2018: 355,356).

sin> (W + @), — 0) (5.40)

2 o o sin(@g + 64) sin(py — B — 6),,
cosOsin?y sin(¥ — 0 — 84) [1 + j sin(¥ — 0 — 6,) sin(¥ + B) ]

K, =

3 sin>(¥ + @}, — )
¢ cosO * sin?¥ * sin(¥ — 8 — &)

(5.41)

Pasif basin¢ durumunda yanal toprak basinci katsayisi, Denklem 5.42'den

hesaplanir (TBDY, 2018: 356).

sin®>(¥ + ¢, — 0) (5.42)

cosfsin?¥ sin(¥ + 0) [1 + \/Sm(‘Pd) sin(pg + B — 9)]2

K, =

sin(¥ + 0) sin(¥ + B)

Deprem durumunda etkiyecek yanal basin¢ kuvveti, Denklem 5.43 ile hesaplanir
(TBDY, 2018: 355). Ayrica denklemler, duvarda yer alt1 suyu etkisi olmadig1 ve
geridolgu zemin cinsi ve parametrelerinin duvar yiiksekligi boyunca degismedigi

durum icindir.

1
P = K(1+ kv) (EVHZ + QSﬁrsaer) + Py, + AP, (5.43)

Deprem nedeniyle duvara etkiyecek ilave kuvvet, Denklem 5.44’ten hesaplanir.
AP,, = P, — P, (5.44)

Bu formiilde Pa, Coulomb o6nerisiyle verilen yanal toprak basin¢ kuvvetidir.
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Duvari devirmeye calisan kuvvetlerin momentleri toplami Denklem 5.45’ten ve
devrilmeye karsi koyan kuvvetlerin momentleri toplami Denklem 5.46’dan
hesaplandiktan sonra Denklem 5.47 ile devrilmeye kars1 giivenlik sayisi

belirlenerek devrilme tahkiki tamamlanmir (TBDY, 2018: 355).

H?K, H H H
Egev = )%cosq)w 3 + qK,Hcos,, 5 + AP, cosg,, 5 (5.45)
, . L
Ryey = Pysine,, L + AP,.sing,, L + WE (1—-ky,) (5.46)
R
Yraew = 5 2 13 (5.47)
dev

Denklem 5.45 ve 5.46’da yer alt1 suyu derinlerde kabul edilmis ve donatili toprak
duvarin agirligi (W) dikdortgen tek blok olarak gozoniine alinmis olup duvarin
arka ylizeyi diiseydir (¥=90°). @, acisi, (2/3)® ile hesaplanabilir. Duvarin
arkasindaki zemin aktif durumda olarak gozoniine alinmistir. Ayrica denklemler,
duvarda yer alt1 suyu etkisi olmadig1 ve geridolgu zemin cinsi ve parametrelerinin
duvar yiiksekligi boyunca degismedigi durum igindir.

Dinamik durumda o6telenme tahkiki icin duvar tabanindaki tasarim siirtiinme

direnci, Denklem 5.48 ile hesaplanir (TBDY, 2018: 349).

_ Pytand + Accy (5.48)
th =

YRR

Drenajli durumda (A.c,) terimi, drenajsiz durumda ise (P,tand) terimi, O alinabilir.
Burada tand degeri ilgili kosula gore secilebilir (TBDY, 2018: 349). Siirtiinme
direnci icin dayanim katsayisi ygn, 1.1 olarak alinmalhidir (TBDY, 2018: 348).

Duvar 6niinde, gomme derinligi D kadar derinlikteki topragin 6telenmeye karsi
olusturdugu pasif direncin karakteristik degeri Denklem 5.49 ile, tasarim degeri
ise, Denklem 5.50 ile hesaplanir. Burada K, Denklem 5.42 ile hesaplanan pasif
basing katsayisidir. Pasif direnc icin dayanim katsayisi yg,, 1.4 olarak alinmalidir

(TBDY, 2018: 348).
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1
Ryr = K,(1 — k) E]/DZ (5.49)

R
Ry = y—”" (5.50)
Rp

Duvari 6telenmeye zorlayan kuvvetlerin toplami, Denklem 5.51’den hesaplanir.
Vin = P, * cos,, + AP,, * cos,, (5.51)

Denklem 5.52’deki kosul saglanirsa duvar, otelenmeye karsi giivenli olur ve

otelenme tahkiki tamamlanir (TBDY, 2018: 349).
Vin < Rep + 0.3Rp; (5.52)

Tasima giicii tahkiki icin Denklem 5.53’teki kosul saglanmalidir (TBDY, 2018:
348). Denklemde q,; diisey yiikler, kesme ve moment etkilerinin tamamindan
dolay1 temel diizeyinde olusan taban basincidir. Tasima giicli i¢in dayanim
katsayis1 ygy, 1.4 olarak alinmalidir (TBDY, 2018: 348). Karakteristik tasima giicii
gk, Denklem 5.28 ile hesaplanabilir.

dx (5.53)
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6

DONATILI TOPRAK DUVARLARIN GEO5-MSE WALL
PROGRAMI ILE TASARIMI

Analiz adimlar:

1. Ayarlar sekmesinden diizenle secenegi tiklanarak, acgilan pencerede yanal
toprak basinclar1 icin Coulomb yontemi, sismik analiz icin TBDY - 2018
yonetmeligine en yakin olan Mononobe — Okabe (1926) yontemi secilir. Arayiiz
stirtiinme katsayist AASHTO (2002) sartnamesine gore (2/3) olarak secilir. Tahkik
yontemi giivenlik sayilar1 (ASD) olarak secilir. Tablo 4.1’de listelenmis giivenlik
sayilari, hem tiim stabilite durumlari icin hem de statik ve sismik analizler i¢in ayr1

ayr1 tanmimlanir.

2, Duvarin yiiksekligi ve 6n yilizey egimi tanimlanarak geometrisi belirlenir.
On cephe kaplama kalinlig1 tanimlanir. Sekil 6.1’de 6 m yiiksekliginde, dik 6n
ylizeye ve 20 cm kalinliginda yiizey kaplama elemanina sahip bir duvar se¢ilmistir.
Analizlerde, duvar yiiksekliginin duvarin stabilitesine etkisinin incelenebilmesi

icin, 6 m ile birlikte 8 ve 10 m’lik yiiksekliklerle de calisilmistir.
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Sekil 6.1 Duvar geometrisi secimi (GEO5 — MSE Wall)
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3. Bir onceki asamada geometrisi secilmis olan yiizey elemani i¢in malzeme
secimi yapilarak malzeme birim hacim agirlig1 ve kayma mukavemeti degerleri
tamimlanir. Tag duvar kaplamasi kullanilirsa birim hacim agirhg 23 kN/m?

alinabilir (Sekil 6.2).
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Sekil 6.2 Duvar ylizey malzemesi secimi (GEO5 — MSE Wall)

4. Geosentetik donati i¢cin malzeme secimi yapilir. Tez calismasi kapsaminda
farkli ozelliklerde 3 tane geosentetik ile calisilarak malzemenin miihendislik

ozelliklerinin duvarin stabilitesine etkisi incelenmistir.
Analizde kullanim i¢in secilen geosentetik gesitleri:

Geoter F PVA 100: Yap: maddesi PVA (Polivinil Alkol) olan, karakteristik cekme
mukavemeti 100 kN/m olarak imal edilen geotekstil cesididir. Tasarim cekme

mukavemeti 26.88 kN/m olur (Sekil 6.3).
Mekanik o6zellikleri:

o Yiiksek cekme mukavemeti
o Esnek yapi1

° Su emicilik
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Mame: Geoter F PVA 100 -

Production set: Geoter F PVA -

Type of reinforcement : | Geoter F PVA 100 -

Tensile strength

Short-term char. strength : T = 100,00 | [kMSm]

Analysis of long-term strength R, : calculate partial factors -
Life time : 75 years * | RFg= 1,59  [-]
Chemistry : pH 3.0-13.0 | RFp= 1,20 | [-]
Partical size : = 100 mm | RFp= 1,30 | [-]
Owerall coeff. of model uncertainty : Fgpc = 1,50 | [-]

Long-term design strength R; = 26,88 kMN/m

Slip resistance
Coefficient of direct slip aleng reinforcement :
Ca= 0,60 | [-]
Pull out resistance
Coefficient of interaction of scil and geo-reinforcement :
5= 0,60 | [-]
Connection strength

do not check -

Bl355 User's catalog gF Add

Sekil 6.3 Geoter F PVA 100 miihendislik 6zellikleri (GEO5 — MSE Wall)

Geoter F PVA, orgiili dokuma teknigi ile yiiksek mukavemetli elyaf iplikler
birlestirilerek, yiiksek deformasyon modiiliiyle yiiksek diizeyde cekme
mukavemeti saglayacak sekilde imal edilir (Sekil 6.4). Ozellikle toprak dolgularin
altinda, yer alti bosluklari bulunan c¢okme riskinin bulundugu alanlarda
kullanilmas: tavsiye edilmektedir. Tasima giicli bakimindan zayif olan yumusak

killi ve gevsek kumlu zeminleri giiclendirmek; madenlere ve santiyelere giden
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yliksek agirlikta nakliye araclarinin, uzun araclarin, is makinelerinin gectigi

yollarda bu araglarin giivenli gecisini saglamak icin kullanimi 6nerilmektedir.

Kontrollii filtrasyon islevi ve yiiksek gecirgenlik saglar. Acikliklarinda titkanma riski
tasimayan, mukavemet derecesine bakilmaksizin sabit ag boyutuna sahip dokuma
destegi ile ayirma islevi de saglayabilmektedir. Yiiksek deformasyon modiili,
biiyiik yiiklere maruz kaldiginda dahi kontrollii deformasyon saglayarak ani

kopma yapmasini engeller.

Sekil 6.4 Geoter F PVA (Virtual Expo Group, t.y.)

Notex C PVA 110-30: Geotekstilin hizli bir sekilde toprakla kilitlenmesi gereken
zemin giiclendirme uygulamalari i¢in idealdir. Notex C PVA 110-30 geotekstili 100
kN/m’lik karakteristik cekme mukavemetine sahiptir. Tasarim ¢cekme mukavemeti

32.96 kN/m olur (Sekil 6.5).

Yiiksek mukavemetli PVA iplikleri birlestirilerek iiretilir. Zeminde optimum
giiclendirme saglar. Iplikler, zemine yerlestirme esnasinda herhangi bir

deformasyon ya da bozulmaya maruz kalmayacak kadar saglamdir (Sekil 6.6).
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Mame : Motex C PYA 110-30 -
Production set : Motex C PV -

Type of reinforcement : | Motex C PVA 110-30 -

Tensile strength

Short-term char. strength : Ty = 100,00 | [kM/m]

Analysis of long-term strength R, : calculate partial factors -
Life time: 73 years * | RFpg= 1,59 [-]
Chemistry : pH 3.0-13.0 | RFp= 1,20 | [-]
Partical size : < 100 mm * | RFp= 1,06 | [-]
Cherall coeff. of model uncertainty : FSyye = 1,530 | [-]

Long-term design strength By = 32,96 kMN/m

Slip resistance
Coefficient of direct slip along reinforcement :
Ca== 0,70 | [-]
Pull out resistance
Coefficient of interaction of scil and geo-reinforcement :
Gi= 0,70 | [-]
Connection strength

do not check -

B 255 User's catalog ghb Add

Sekil 6.5 Notex C PVA 110-30 miihendislik 6zellikleri (GEO5 — MSE Wall)

Avantajlari:
o Her iki dogrultuda da yiiksek derecede mukavemetlidir.
o Izleme amaciyla yerlestirilebilecek fiber optik enstriimanlarin entegrasyonu

mumkiindiir.
o PVC icerigi olmadigi icin, cevreye duyarl bir sekilde kaplama saglar.

o Yerlestirildigi zeminle oldukca uyumlu bir kenetlenme olusturur.
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Sekil 6.6 Notex C PVA (Virtual Expo Group, t.y.)

Paragrid 100: Iki eksenli bir serit dizisinden olusan diizlemsel yapida imal edilen
geogrid cesididir (Sekil 6.7). Her bir serit, toprak icerisinde bulunan fiziksel,
kimyasal ve biyolojik faktorlere kars1 dayanikli olan bir kilif icerisine yerlestirilmis
yliksek mukavemetli polyester elyaflardan olusur. Yiiksek pH derecesine sahip
ortamlar icin uygundur. Zemin giiclendirme icin kullanilan yiiksek mukavemetli
bir geogriddir. 120 yila kadar isletme omrii ve yiiksek performans

saglayabilmektedir.
Avantajlar:

. Yiiksek deformasyon modiiliine sahiptir.
. Imalat1 ve isciligi kolaydir.

. Yiksek mukavemetlidir.
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o Yiiksek pH derecesine sahip ortamlara, kimyasal etkilere, yer altindaki

mikroorganizmalara, fiziksel ve mekanik etkilere kars:1 direnclidir.

o Polietilen maddeden {iretilmis sert ve dayanikli bir kilifa sahiptir.

Sekil 6.7 Paragrid (NZ Transport Agency, 2020: 2)

Secilen Paragrid’in karakteristik cekme mukavemeti 100 kN/m olup 75 yillik servis

Oomri i¢in tasarim cekme mukavemeti 65.62 kN/m olur (Sekil 6.8).
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Mame: Paragrid 100 hd
Production set: Paragrid hd

Type of reinforcement : | Paragrid 100 -

Tensile strength

Short-term char, strength : T = 100,00 | [kN/m]

Analysis of long-term strength R, calculate partial factors v
Life tirme : 75 years v RFg= 137 [
Chernistry : pH 4.0-3.0 * | RFp= 108 [-]
Partical size : Dy« 015mm = | RFp= 1,02 [H
Overall coeff. of model uncertainty : Foyyc = 1,00 | [-]

Leng-term design strength R, = 66,26 kN/m

Slip resistance

Coefficient of direct slip along reinforcement :

e 0,80 | []
Pull out resistance
Coefficient of interaction of soil and gec-reinforcement : calculate b
5ol : sand A
Connection strength
do not check -
BB 3557 User's catalog OK + 4 « OK X Cancel

Sekil 6.8 Paragrid 100 miihendislik 6zellikleri (GEO5 — MSE Wall)

Kullanilan geosentetiklerin miihendislik 6zellikleri Tablo 6.1’de sunulmustur.
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Tablo 6.1 Geosentetiklerin miithendislik 6zellikleri

Geosentetik T,  Servis Cy G RFg RF, RFp FS R,
(kN/m) Omrii (kN/m)
(D)
Geoter F
PVA 100 100 75 |0.60|0.60|1.59|1.20|1.30|1.50| 26.88
(Geotekstil)
Notex C
PVA 110-30 | 100 75 |0.70|0.70 | 1.59 | 1.20 | 1.06 | 1.50 | 32.96
(Geotekstil)
Paragrid
100 100 75 10.80[0.90|1.37|1.08|1.03|1.00| 66.26
(Geogrid)
5. Bir 6nceki asamada tanimlanmis olan geosentetikler, bu asamada zemin

profiline eklenir. Ornek olarak; Sekil 6.9’da, 4.8 m uzunlugunda 0.5 m diisey

araliklarla 12 adet Paragrid yerlestirilmistir. Bu sekilde secilen geosentetik

uzunlugu, araligi ve adedi; stabilite analizlerinden en az bir tanesi saglanmadigi

takdirde tekrar degerlendirilmelidir.
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Sekil 6.9 Duvar icin donat1 miktar1 ve ebatlarinin secimi (GEO5 — MSE Wall)
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6. Arazideki zemin tabakalarini ve yiiksekliklerini gosteren zemin profili
olusturulur. Sekil 6.10’da 6 m’lik duvar yiiksekligi boyunca dolgu ve temel zemini

olmak tizere iki farkli zemin profili olusturulmustur.
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Sekil 6.10 Zemin profilinin olusturulmasi (GEO5 — MSE Wall)

7. Dolgu ve temel zemini icin zemin cinsi ve 6zellikleri tanimlanir.

Yapilacak analizler icin, Yildiz Teknik Universitesi Davutpasa kampiisii icinde bir
konum secilmistir. Bu bélgedeki arazi yapisi, Istanbul jeoloji haritasindan elde
edilen verilere gore iist seviyelerde Cekmece formasyonunun Bakirkoy iiyesi olup
Tcb simgesi ile gosterilmektedir (I.B.B. Deprem ve Zemin Inceleme Miidiirliigii,
2011). Arazide daha 6nce yapilmis olan sondaj calismalarindan alinan sonuclara
gore zemin Ozellikleri Sekil 6.11’de tanimlanmistir. Dogal birim hacim agirlig1 18
kN/m?, icsel siirtiinme agis1 8 derece, kohezyonu 100 kN/m?, arayiiz siirtiinme
acis1 5.3 derece olarak alinmistir (I.B.B. Deprem ve Zemin Inceleme Miidiirliigii,

2007: 169,188).
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Identification

Saturated unit weight :

Classify

Mame: KL
Basic data
Unit weight : —
Angle of internal friction : Pt =
Cehesion of soil : Coaf =
Angle of friction struc.-seil: 3 =
Uplift pressure
Calc. mode of uplift: | standard

Tsat =

Clear

18,00
8,00
100,00

530

19,00

[kM/m?]

Draw
Pattern category :
GEQ
Search:
Subcategorny :

Seils (1 - 16)

Pattern :

4 Clay

Color:

Background :

automatic

Saturation <10 - 90> :

4R Add

30 | [%e]

-

Sekil 6.11 Temel zemini cinsi ve 6zelliklerinin tanimlanmas1 (GEO5 — MSE Wall)

Zemin oOzelliklerinin duvarin stabilitesine etkisinin incelenebilmesi icin, 3 farkl

dolgu cesidi kullanilmistir. Dolgu zeminlerinin programda tanimlanmasi asagida

sunulmustur (Sekil 6.12-13-14). Dolgu cesitlerinin birim hacim agirlik ve icsel

siirtiinme acis1 degerleri, zemin cinsi ve sikilik derecelerine gore degerlendirilerek

alinmistir. Arayiiz stirtinme acis1 (2/3)® ile hesaplanmistir.

Edit soil parameters
Identification

Mame: Gevsek Kum
Basic data

Unit weight : Y=

Angle of internal friction: g =

Cohesion of soil : Caf=

Angle of friction struc.-soil: &=
Uplift pressure

Calc. mode of uplift: | standard

Saturated unit weight : Wear =

Classify Clear

16,00
30,00
0,00

20,00

17,00

[kMsm3]

[k m3]

Draw
Pattern category :
GEO
Search:
Subcategory :
Seils (1 - 16)
Pattern :

9 Sand

Background :
autormatic
Saturation <10 - 90> : 10 | [36]
" OK X Cancel

Sekil 6.12 Gevsek kum dolgu zemini parametreleri (GEO5 — MSE Wall)
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Edit soil parameters

Identification

MName: Orta Sika Kum

Basic data
Unit weight : y= 17,00 [kNImg]
Angle of internal friction: g = 35,00 | 7]
Cohesion of soil : Caf = 0,00 | [kPa]

Angle of friction struc.-

Uplift pressure

soil: &= 23,30 | 7]

Draw
Pattern category :
GEQ -
Search:
Subcategory :
Seils (1 - 18) -
Pattern :

Calc. mode of uplift: | standard - EI?:Sar;c:I
Saturated unit weight : Yeat = 18,00 | [kN/m?] Color :
I ~
Background :
automatic -
Saturation <10 - 90> : 10 | [%]
Classify Clear « QK X Cancel
Sekil 6.13 Orta siki kum dolgu zemini parametreleri (GEO5 — MSE Wall)
Edit soil parameters x
Identification Draw
Mame: Siki Kum Pattern category :
GEO -
Basic data Search :
Unit weight : y= 18,00 | [kM/m?] Subcategory :
Angle of internal friction: g = 40,00 | [7] Soils (1 - 16) -
Cohesion of soil : Caf = 0,00 | [kPa] Pattern :
Angle of friction struc.-seil: &= 26,70 | [°]
Uplift pressure -
Calc. mode of uplift : | standard - EI?lSar;cll
Saturated unit weight : Year = 19,00 | [kMN/m?] -
I ~
Background :
automatic -
Saturation <10 - 90> ; 10| [%%]
Classify Clear « OK XK Cancel

Sekil 6.14 Siki kum dolgu zemini parametreleri (GEO5 — MSE Wall)
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Dolgu cesitleri ve parametreleri Tablo 6.2’de sunulmustur.

Tablo 6.2 Analizlerde kullanilan dolgu zemini cesitleri ve parametreleri

Dol oygun
>y N/m?) -
cesidi (kN/m3)

Gevsek
Kum Dolgu

Orta Siki
Kum Dolgu

Siki Kum
Dolgu

8. Bir 6nceki asamada tanimlanmis zemin cesitlerinden analizde kullanilacak
olan dolgu ve temel zemini, zemin profiline atanir. ilk analizde kullanilmak iizere,

dolgu zemini gevsek kum ve temel zemini kil olarak atanmistir (Sekil 6.15).
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Sekil 6.15 Zemin c¢esitlerinin zemin profiline atanmasi (GEO5 — MSE Wall)

9. Analizde, zemin yiizii yatay olarak alinmistir (Sekil 6.16).
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Sekil 6.16 Arazi zemin yiizii profilinin atanmasi (GEO5 — MSE Wall)

10. Eger arazide yer alt1 suyu bulunuyorsa, yer alti1 su seviyesinden duvarin
tabanina derinlik (hy,) degeri girilerek yer alt1 suyu profili olusturulur. Bu

calismada, arazide yer alt1 suyu, oldukca derinde kabul edilmistir (Sekil 6.17).
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Sekil 6.17 Arazi yer alt1 suyu durumu (GEO5 — MSE Wall)

11. Zemin yiziine etkiyen siirsarj yikii, sabit yiik veya hareketli yiik varsa

atanir. Analizlerde gézoniine alinmamuistir (Sekil 6.18).
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Sekil 6.18 Zemin yiiziine siirsarj yiikii atanmasi (GEO5 — MSE Wall)

12. Duvara herhangi bir noktadan moment, yatay veya diisey tekil yiik ya da
yayil yiik etkisi varsa, Sekil 6.19’daki koordinat diizlemine gore etki noktalarinin

koordinatlar1 tanimlanarak bu yiikler atanir. Analizlerde g6zoniine alinmamaistir.
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Sekil 6.19 Duvara moment, tekil yiik ya da yayili yiik atanmasi (GEO5 — MSE
Wall)
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13. Dinamik (Sismik) analiz icin deprem yiikii katsayilar1 belirlenerek diisey ve

yatay deprem yiikleri atanir.

7. adimda da ifade edildigi gibi arazi yapisi, Cekmece formasyonunun Bakirkdy
{iyesidir (I.B.B. Deprem ve Zemin Inceleme Miidiirliigii, 2011). Zemin yapisinda
cogunlukla killi ve marnl birimler goriilmekte olup iist kesimlerde hakim zemin

cinsinin kil oldugu anlasilmaktadir.

Yildiz Teknik Universitesi Davutpasa kampiisiiniin bulundugu arazinin yerel

zemin sinifi, ZD zemin sinifina girmektedir (Sekil 6.20).

Deprem yonetmeligine gore bolgenin deprem yer hareketi diizeyi, deprem aninda
olusan spektral biiyiikliiklerin 50 yilda asilma olasiliginin %10 ve tekrarlanma

periyodunun 475 yil oldugu DD-2 tasarim sinifidir (TBDY, 2018: 7).

Yerel Ust 30 metrede ortalama
Zemun Zemun Cinst (Ve)se (N )0 (€
Suuf [my's] [darbe /30 cm) [kPa]
LA Saglam. sert kayalar = 1500 - -
B Az aynisnus, orta saglam kavalar 760 — 1500 - -
7C Cok siki kum, cakil ve sert kil tabakalan veva 360 — 760 50 250
ayrisnus, cok catlakly zavif kavalar
7D Orta sika — sika kum, ¢akil veya cok kati kil 180 — 360 15— 50 70—250
tabakalart
Gevgek kum. cakil veya yumusak — kati kil
tabakalar1 veya
7E Pl =20ve w>% 40 kosullarim saglayan =180 =15 =70
toplamda 3 metreden daha kaln yumusak kal
tabakas1 (¢, < 25 kPa ) igeren profiller
Sahaya &zel arastirma ve degerlendirme gerektiren zenunler:
1) Deprem etkisi altinda ¢ékme ve potansiyel géicme riskine sahip zeminler (sivilasabilir zemunler,
7F yilksek derecede hassas killer, gocebilir zayif cimentolu zeminler vb)),
2) Toplam kalinligi 3 metreden fazla turba ve/veya organik icenigi viiksek killer,
3) Toplam kalinlig: 8 metreden fazla olan yiiksek plastisiteli (P7 =30) killer,
4) Cok kalm (> 35 m) yumusak veya orta kat: aller.

Sekil 6.20 Yerel zemin siniflar1 (TBDY, 2018: 343)

Interaktif web uygulamasinda (AFAD, 2018), deprem yer hareketi diizeyi ve yerel

zemin sinifi ile birlikte konum bilgisi girilerek deprem raporu olusturulur (Sekil

6.21-22).

60




AFAD’ e

Tilirkiye Deprem Tehlike Haritalari
Interaktif Web Uygulamasi

Kullanici Girdileri

Rapor Bashar:
p 3ig TEZ

Deprem Yer Hareketi 50 yilda asilma olasihgi %10 (tekrarlanma periyodu 475 yil) olan deprem yer

Diizeyi: DD-2 hareketi dizeyi

Yerel Zemin Sinifi 7D Orta siki - siki kum, gakil veya gok kati kil tabakalan
Enlem: 41.02046°

Boylam 28.891813°

Sekil 6.21 Uygulamada girilen deprem verileri ve konum bilgisi (AFAD, 2018)
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Sekil 6.22 Harita tizerinde konum (AFAD, 2018)
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Ss = 0.989 S, =0.274 Sps = 1.092 Sp1 = 0.562
PGA = 0.407 PGV = 25.019

S5 : Kisa periyot harita spekiral ivme katsayisi [boyutsuz]

5, 1.0 saniye periyot icin harita spektral ivme katsayisi [boyutsuz]
Sps - Kisa periyot tasanm spektral ivme katsayisi [boyutsuz]

Sp1 [ 1.0 saniye periyot icin tasanm spektral ivme katsayis! [boyutsuz]

PGA : En biyilk yer ivmesi [g]

PGV : En blyik yer hizi [cm/sn]

Sekil 6.23 Uygulamada elde edilen ciktilar (AFAD, 2018)

Bu sekilde kisa periyot tasarim spektral ivme katsayisi elde edilmis olur (Sekil

6.23). Deprem yiikii azaltma katsayis1 (r), 2 olarak alinmistir (Sekil 6.24).

0.4 %S

e _— 205 (6.1)
r

k, = 0.5 x kp, (6.2)

16.12.2. Toprak Basmclan
16.12.2.1 — Toprak basinglarimin hesabinda kullamlacak vatay ve diisey statif-esdeger deprem
Fatsenrlarr Denk.(16.22) de tammilanmistr:

 045p¢

Le
. 7

k, = 0.5k, (16.22)

Denl:.(16.22)'de wver alan » katsawisy, degisik dayanma yapis: tipleri igin Tablo 16.7°de
verilmigtir.

16.12.2.2 — Yiiksek boshik suyn basinc: arfislan meydana gelebilecek dovoun zeminlerin
bulunmas: dummunda, » katsayisiun degeri 17den biiyiik almmamahdar.

Tablo 16.7. Dayanma Yapalar icin r katsavilan

Drayanma Yapismin Tipi -
En fazla 1205, (mm} yerdefistomeye 1mn venlen agrhk tipr dwvarlar 20
En farla 805, (mm) yerdefgistirmeye izn verilen agwrhk fipi duvarlar 15
Ankrajh duvarlar, verdegistirmesme irin verilmeyen aguwhk tipt duvarlar 1.0

Sekil 6.24 Deprem yiikii katsayilarinin hesaplanmasi

Denklem 6.1’de Sps=1.09 ve r=2 degerleri yerlerine konularak, k,=0.218,
Denklem 6.2’de k,=0.218 degeri yerine konularak k,=0.109 olarak elde edilir.
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Elde edilen yatay ve diisey deprem katsayilar1 sismik analiz yapilirken programda

girilir (Sekil 6.25). Yer alt1 suyu etkisi gozoniine alinmamastir.
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Sekil 6.25 Deprem yiikii katsayilarinin atanmasi (GEO5 — MSE Wall)

14.  Yikleme durumu belirlenir. Analizlerde statik yiikleme durumu icin kalici,

dinamik yiikleme durumu i¢in sismik olarak secilmistir (Sekil 6.26).
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[ Internal stability
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Sekil 6.26 Yiikleme durumunun atanmasi (GEO5 — MSE Wall)

15.  Otelenme ve devrilmeye karsi duvarin dis stabilitesi tahkik edilir.

GEOS - MSE Wall programi; devrilmeye karsi direnc gosteren toplam momentin,

duvar1 devirmeye calisan toplam momente oranini hesaplar. Bu hesaplanan




devrilmeye karsi giivenlik sayisi, 6nerilen giivenlik sayisina esit veya daha biiyiik
ise, tasarim devrilmeye kars: giivenli olur. Onerilen giivenlik sayilar1 Tablo 4.1’de

verilmistir.

Program, duvari 6telenmeye zorlayan yanal kuvvetin, duvarin 6telenmesine karsi
koyan taban siirtiinmesine oranini hesaplar. Bu hesaplanan 6telenmeye karsi
giivenlik sayisi, onerilen giivenlik sayisina esit veya daha biiyiik ise, tasarim

otelenmeye kars1 giivenlidir. Onerilen giivenlik sayilar1 Tablo 4.1’de verilmistir.
16. Tasima giicti hesaplanarak tasima giictine kars: stabilite tahkik edilir.

Program; duvarin taban basincini, istege bagli olarak trapez basing veya esdeger
dikdortgen blok yaklasimi seceneklerinden bir tanesine gore hesaplar. Analizlerde

esdeger blok yaklasimi tercih edilmistir.

Tasima giicti ise Denklem 5.28 ile hesaplanarak uygulamada veri olarak girilir.
Denklemdeki parametreler, duvarin altindaki zemine gore alinir. Duvarin
altindaki kil zemininin; icsel siirtiinme agis1t ®=8°, birim hacim agirlig1 y=18
kN/m?® ve kohezyonu c=100 kN/m?dir (Sekil 6.11). icsel siirtiinme acis1 8° icin
N.=8.6, N;=2.2, N,=0.7 olur (Tablo 5.1). Sekil faktorleri (s, sy) ise, 1 alinabilir.
Arazide yer alt1 su seviyesi derinlerde oldugu i¢in, taban diizeyindeki efektif birim
hacim agirlik, dogal birim hacim agirliga esit olur (y=y'=18 kN/m?). Bu verilere

gore tasima giicli, Denklem 5.28 ile I cinsinden;
Quie =100%8.6%1+0%22+05%18*L 0.7+ 1 = (860 + 6.3L")

seklinde ifade edilir ve L' degeri denklemde yerine konularak hesaplanir ve

programda veri olarak girilir.

Program, tasima giliciniin taban basincina oranini hesaplar. Bu hesaplanan
giivenlik sayisi, Onerilen giivenlik sayisina esit veya daha biiylik olursa; duvar,
tasima giicii bakimindan giivenli olur. Onerilen giivenlik sayilar1 Tablo 4.1’de
verilmistir. Ayrica, temel tabanindaki bileske diisey kuvvetin eksantriklik miktarini

da hesaplayarak kontroliinii saglar.

17. Herhangi bir geosentetik donati iizerinden, dolgu blogunun 6ne dogru
hareket etmesi ile gelisen icsel kayma durumu tahkik edilir. Program; igsel

kaymaya kars1 koyan geosentetik - dolgu araytiz stirtiinmesinin, dolgu blogundaki
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yanal toprak kuvvetine orani ile giivenlik sayisim1 hesaplar (Denklem 6.1). Bu
denklemde >V, kayan bloktaki toplam diisey kuvveti; P,, kayan bloktaki yanal
kuvveti; Cy, direkt kayma katsayisini; @ ise, dolgu icsel siirtiinme agisini ifade
eder. Hesaplanan bu giivenlik sayisinin 6nerilen giivenlik sayisina esit veya daha
biiyiik olmasi gereklidir. Onerilen giivenlik sayilar1 Tablo 4.1'de verilmistir.
Otomatik tahkik secenegi secilerek, icsel kayma acisindan en kritik olan donati
tahkik edilir.

XV xCys*tang (6.1)

FS
Fa

18.  Donatilarin kopma ve siyrilma tahkikleri yapilir.

Program; her bir donat1 i¢in, tasarim cekme mukavemetinin (R,), yanal toprak
hareketlerinden dolay1 incelenen donatiya etkiyen cekme kuvvetine orami ile
kopmaya karsi giivenlik sayisini hesaplar (Denklem 6.2) ve Onerilen giivenlik
sayismna gore tahkik eder. Onerilen giivenlik sayilari Tablo 4.1’de verilmistir.
Ayrica bu denklemde s,, donatilarin diisey araligini ve oy, yanal toprak basincini

ifade etmektedir.

R, (6.2)
Sy * Oy * COSQy,

FS =

Donatilarin 6ne dogru hareket ederek zeminden siyrilmasi1 durumu tahkik edilir.
Program; her bir donati i¢in, donatinin her iki yiizinde siyrilmaya karsi koyan
siirtlinme direncinin (Denklem 6.3), zemin hareketlerinden dolay: olusan cekme
kuvvetine orani ile kopmaya kars1 giivenlik sayisin1 hesaplar (Denklem 6.4) ve
onerilen giivenlik sayisina goére tahkik eder. Onerilen giivenlik sayilar1 Tablo

4.1’de verilmistir.

Ty =2xLo*0,*C;xtang (6.3)
T,
FS = p (6.4)

Sy * Oy * COSQy,
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Ic stabilite tahkiklerinde otomatik tahkik secenegi secilerek tiim donatilar arasinda
en kritik olan donatinin kontrolii saglanmis olur. Ayrica, bu boliimde kullanilan

K./K, oraninin degeri, geosentetik donatili duvarlar icin 1 alinmistir (Sekil 6.27).

Q@ 1.01.2 1.7 2.5
2 . > /Ka
|
1
Hi |
> |
M o I
. 5 I
g o
a |
= - 1
[ i
L= L 1
GErn-————————-———
Q
O
'—
X
0 |
o |
@ i
£ b
- .
a i
0 !
Q : !
l !
! | i
2 |
1.0 1.2

Sekil 6.27 Donati tiirlerine gore K,/K, oraninin derinlikle degisimi (American

Association of State Highway and Transportation Officials [AASHTO], 2002)

19. Toptan gocme stabilite durumu tahkik edilir. Programda secenekler
icerisinden Bishop yontemi tercih edilmistir. Program, olasi biitiin kayma
dairelerini cizerek en kritik olan icin kontrol saglar. En diisiik giivenlik sayisi
degeri, Onerilen minimum giivenlik sayis1 degerine esit veya daha biiyiik olursa,

duvar toptan gécmeye kars: giivenli olur. Onerilen giivenlik sayilar1 Tablo 4.1’de

verilmistir.
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7

YAPILAN CALISMALAR

Bu tez calismasi kapsaminda gerceklestirilen incelemede, bir 6nceki boliimde
detayli bir sekilde acgiklanan GEO5 Programi kullanilarak; farkli duvar
yiikseklikleri, farkli geosentetik cesitleri ve farkli dolgu se¢imi icin bir seri sayisal
analiz gerceklestirilmistir. Bu amacla; 6,8 ve 10 m duvar yiikseklikleri, iki
geotekstil ve bir geogrid olmak {izere toplam ti¢ farkli geosentetik donati cesidi ve
gevsek, orta siki, sitki kum dolgu secimi ile calisilmistir. Sayisal analizler, hem
statik yiikleme durumu hem de dinamik yiikleme durumu i¢in gerceklestirilmistir.
Ayrica, donat1 diisey araligi ve L/H orani degisiminin davranis iizerindeki etkisini
belirlemek amaciyla, ii¢ farkli s, degeri (0.4 m, 0.5 m, 0.8 m - statik yiikleme
durumu icin; 0.25 m, 0.4 m, 0.8 m — dinamik yiikleme durumu icin) ve iki farklh
L/H orani degeri (0.7, 0.8 — statik yiikleme durumu icin) kullanilmistir. Dinamik

ylikleme durumu icin, L/H orani1 1.0 alinmistir.

Bu tez calismasi kapsaminda gerceklestirilen sayisal analizler ile ilgili GEOS5
program ciktilar1 ve elde edilen giivenlik sayilari tablolar halinde Ekler kisminda
detayl olarak sunulmustur. Asagida ise, bu analizlere 6rnek olarak, H=6 m ve
syv=0.4 m icin, Geoter F PVA donatis1 ve Gevsek Kum dolgu zemini secimi ile
gerceklestirilmis, icerisinde statik yiiklemenin gecerli oldugu durum icin elde

edilen program ciktilari, Sekil (7.1-5) ile gosterilmistir.
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H=6 m ve s5,=0.4 m i¢in, Geoter F PVA donatis1 ve Gevsek Kum dolgu zemini ile

yapilan statik analizlerin GEOS5 program c¢iktilar

-

. : . .* ; Qv.E;v"_sE}ISIKLJf‘\,‘j L

-
P 0 +
3 v +
0 + r

3Bl m
AR090
6,00
--1.:1f‘-|.._1l nol

I -30,19

4,80:-2,01]

- o Geoter F PV
+z

Verification of complete wall

Resisting moment | .
Overturning moment Mg,

Safety factor = 7,74 = 2,00

Check for slip
Resisting horizontal force Hes
Active horizontal force Hazct

Safety factor = 4,25 = 1,50
Wall for slip is SATISFACTORY

Check for owverturning stability

1246,25 kMm/m
160,92 kMm/m

Wall for overturning is SATISFACTORY

341,20 kN/m
80,19 kN/m

Owerall check - WALL is SATISFACTORY

Sekil 7.1 Devrilme ve Otelenme analiz ciktilar1 (GEO5 - MSE Wall)
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6,00

r = " " L r
" v . " -
P Lot L P v
.k v + . v
. =+ v v .
+ v 3 3 + 3
r 0 + 0 r
" - v L "
B *

4,43 . o.';,.’;_ 56 ob . B
| — KL=
2 2
Design load acting at the center of footing bottom
No Moment Morm. force Shear Force Eccentricity Stress
' [kMm/m] [kM/m] [kM/m] [-] [kPa]
1 90,87 490,08 80,19 0,039 110,65
Service load acting at the center of footing bottom
Nao Meoment Morm. force Shear Force
' [kMrm,/m] [kM/m] [kM/m]
1 90,87 490,08 20,19
Verification of foundation soil
Stress in the footing bottom @ rectangle

Eccentricity verification
Mazx. eccentricity of normal force € = 0,039

Maximum allowable eccentricity g = 0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom
Bearing capacity of foundation soil

G 10,65 kPa
Ra
Safety factor = 8,02 = 2,00

1
837,90 kPa

Bearing capacity of foundation soil is SATISFACTORY

Overall verification - bearing capacity of found. seil is SATISFACTORY

Sekil 7.2 Tasima giicl analiz ¢iktilar1 (GEOS5 - MSE Wall)
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480 | — — — —]
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KIL
Calculated forces and strength of reinforcements
- Name [ Depth [ Utiliz. To Utiliz.
i N/ 2m] [kN/m] &) [kh/m] 1%l
1 GeoterF PVAT0D 501 6,00 76,88 27,94 7773 9,66
2 GeoterF PVA100 9,89 5,60 26,88 55,21 283,62 523
3 GeoterF PVA 100 9,19 521 26,88 5132 250,86 5,30
4 Geoter F PVA 100 870 481 26,88 4857 219,27 595
5 GeoterF PVA 100 797 440 26,88 4445 189,03 6,32
6  GeoterF PVA 100 715 4,00 26,88 3992 161,60 6,64
7 GeoterF PVA100 -6,44. 3,60 26,88 35,92 136,21 7,09
8  GeoterF PVA100 -5,65. 320 26,88 31,56 112,88 7,51
9 GeoterFPVATOD 502 281 2688 79 92,10 817
10 Geoter F PVA 100 430 240 26,38 24,00 72,36 .91
11 Geoter F PVA 100 359 2m 26,88 200 55,58 967
12 GeoterF PVA 100 290 160 26,88 16,19 004 10,87
13 GeoterF PVA 100 212 1,20 26,88 1385 26,96 1,81
14 Geoter FPVA100 44 081 2688 803 1817 1335
15 Geoter F PVA 100 0,82 040 26,38 457 6,94 17,60
Check for tensile strength (reinforcement No.2)
Tension strength Ry = 26,88 kN/m
Force in reinforcement F = 9,89 kN/m
Safety factor= 272> 1,50
Reinforcement for tensile strength is SATISFACTORY
Check for pull out resistance (reinforcement No.15)
Pulloutresistance T = 694 kN/m
Force in reinforcement F = 0,82 kN/m
Safety factor = 848> 1,50
Reinforcement for pull out resistance is SATISFACTORY
Overall verification - reinforcement is SATISFACTORY
¥ Close

Sekil 7.3 Kopma ve siyrilma analiz ciktilar1 (GEO5 - MSE Wall)
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7=

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)
Inclination of slip surface

90,00 =
Owerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

= 489,13 kMN/m
= 0,60
Resistance along geo-reinforcement = 169,44 kM/m
Wall resistance = 0,00 kMSm
Cwerall bearing capacity of reinforcements = 0,00 kM/m
Check for slip:

Resisting horizontal force Heee = 169,44 kMN/m
Active horiz. force Hzer = 80,17 kMN/m
Factor of safety = 2,11 = 1,50

Slip along geotextile is SATISFA

TORY

Close

Sekil 7.4 I¢sel kayma analiz ¢iktilar1 (GEOS - MSE Wall)

- :—.—h: . P - .ok FIL o7 . - B Lo .
- __ - _mWoesSsm _ - - - _ _ __ . __— _
Slip surface: circular v | (@ Replace graphically || # Edit textually | | X Rermove | | (%) Convert to polygon
Parameters of the analysis Circular slip surface Slope stability verification (Bishop)
. Sum of active forces:  Fo= 24727 kN/m
ladizee Bishop | CFEE n= =N | )] == 2522l Sumn of passive forces: Fp= 406,74 kN/m
Analysis type : | Optimization ¥ | Radius: R= 31,50 | [m] Sliding moment : Mz = 778895 kNm/m
Resisting moment : Mp = 12812,32 kNm/m
Restrictions | is not input Angles: o= 22,02 [f] w©z= 42,51 | [7] Factor of safety = 1,64 > 1,30
Slope stabilit; EPTABLE

Sekil 7.5 Toptan gocme analiz ¢iktilar1 (GEO5 - MSE Wall)
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Statik Analizler

Statik analizlerde; 6,8 ve 10 m olmak {izere {i¢ farkli duvar yiiksekligi
kullanilmistir. Donat1 olarak, programda secenek olarak sunulmus opsiyonlar
icerisinden iki farkli geotekstil (Geoter F PVA 100 ve Notex C PVA 110-30) ve bir
geogrid (Paragrid 100) secilmistir. Geridolgu olarak, ii¢ farkl sikilikta kum zemin
(Gevsek, Orta Siki ve Siki) kabulii yapilmistir. Ayrica, donati diisey aralig ve L/H
orani degisiminin davranis {izerindeki etkisini belirlemek amaciyla, ¢ farkl s,

degeri (0.4 m, 0.5 m, 0.8 m) ve iki farkli L/H orani degeri (0.7, 0.8) kullanilmistur.

Statik analizler sonucunda elde edilen giivenlik sayilar1 asagida grafikler halinde
sunulmustur. Ornegin, Sekil 7.6’da devrilmeye karsi giivenlik sayilari

goriilmektedir.

DEVRILME TAHKIKi (s,=0.4 m, L/H=0.8)

12
—8— GEOTER F PVA - GEVSEK KUM

10
GEOTER F PVA - ORTA SIKI KUM
GEOTER F PVA - SIKI KUM

NOTEX C PVA - GEVSEK KUM

00

H (m)

4 —@— NOTEX C PVA - ORTA SIKI KUM
—8— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM

0 5 10 15 —@— PARAGRID- ORTA SIKI KUM

.. . —@— PARAGRID - SIKI KUM
Guvenlik Sayisi

Sekil 7.6 Devrilmeye kars1 giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,
s,=0.4 m)

Sekil incelendiginde, devrilmeye karsi giivenlik sayisi, duvar yiiksekliginin
degisimi ile farklilik gostermemistir. Duvar yiiksekliginin artmasiyla birlikte, L/H
oran1 sabit tutuldugu icin, duvar genisligi de artmakta; yanal toprak
basinclarindan dolay1 olusan duvari devirmeye calisan momentlerin, duvarin
agirhigindan dolay1 olusan devrilmeye karsi koyan momentlere orani1 bu nedenle
herhangi bir degisim gostermemekte ve giivenlik sayisi ayni kalmaktadir. Donati
degisiminin de gilivenlik sayis1 lizerinde bir etkide bulunmadig, lejantta goriilen

tlim opsiyonlarin grafik iizerinde {ist iiste geldigi anlasiimaktadir. Buna karsilik,
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dolgu icsel siirtiinme acgis1 degistiginde, giivenlik sayisi da 6nemli 6l¢iide degismis
olup, bu durum grafik {izerinde, sikilik derecesinin artmasi ile giivenlik sayilarinin

da artmasi seklinde belirginlesmistir.

Incelenen duvar icin, 6telenme tahkiki ile ilgili giivenlik sayis1 egrileri, asagida

Sekil 7.7’de sunulmustur.

OTELENME TAHKIKi (s,=0.4 m, L/H=0.8)

12
—@— GEOTER F PVA - GEVSEK KUM
v GEOTER F PVA - ORTA SIKI KUM
. 8 GEOTER F PVA - SIKI KUM
é 6 NOTEX C PVA - GEVSEK KUM
- 4 —8— NOTEX C PVA - ORTA SIKI KUM
5 —@— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM
0

0 ) 4 6 3 —@— PARAGRID- ORTA SIKI KUM

Givenlik Sayisi —8— PARAGRID - SIKI KUM
Sekil 7.7 Otelenmeye kars1 giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,
$,=0.4 m)

Sekilden de goriildiigii gibi, 6telenmeye kars: giivenlik sayisi, duvar yiiksekliginin
artmasi ile azalmistir. L/H orani sabitken, artan duvar yiiksekligi ile birlikte duvar
genisliginin de artmasi ile taban siirtiinmesinin de artmasina ragmen yanal toprak
basinct artis hizi daha yiiksek oldugu icin, giivenlik sayisinin azaldig
diistiniilmektedir. Donat1 cesidi, devrilmeye kars:1 tahkikte oldugu gibi, giivenlik
sayist degeri iizerinde bir etkide bulunmamis, bu nedenle lejantta verilen
opsiyonlar icin elde edilen sonuclar {ist liste grafiklenmistir. Dolgu icsel siirtiinme
acgist degisimi durumunda ise, gilivenlik sayisi 6nemli Olciide degismis, zemin

sikilastikca giivenlik sayis1 artis egilimi gostermistir.

Incelenen duvar icin, tasima giicii tahkiki ile ilgili giivenlik sayis1 egrileri, asagida

Sekil 7.8’de sunulmustur.
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12

10

TASIMA GUCU TAHKIKi (s,=0.4 m, L/H=0.8)

4 6
Guvenlik Sayisi
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—8— NOTEX C PVA - SIKI KUM
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—@— PARAGRID- ORTA SIKI KUM
—@— PARAGRID - SIKI KUM

Sekil 7.8 Tasima giiciine kars1 giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,

$,=0.4 m)

Tasima giiciine kars1 giivenlik sayisi, duvar yiiksekligi arttikca, azalmistir. Diger

iki tahkikte oldugu gibi, geotekstil ve geogrid donatilari icin kullanilan opsiyonlar

icin, elde edilen veriler grafikte iist iiste gelmistir. Dolgunun icsel siirtiinme

acisinin artmasi ile birlikte birim hacim agirligindaki artisin neticesi olarak, temel

zeminine daha fazla yiik etkidigi goriilmektedir.

incelenen duvar icin, ic stabilite tahkiklerinden biri olan icsel kayma tahkiki ile

ilgili glivenlik sayisi egrileri, asagida Sekil 7.9°da sunulmustur.

12

10

(o]

ICSEL KAYMA TAHKIKi (s,=0.4 m, L/H=0.8)

2 4
Guvenlik Sayisi

—@— GEOTER F PVA - GEVSEK KUM
—®— GEOTER F PVA - ORTA SIKI KUM
GEOTER F PVA - SIKI KUM

NOTEX C PVA - GEVSEK KUM
—8— NOTEX C PVA - ORTA SIKI KUM
—8— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM
—@— PARAGRID- ORTA SIKI KUM
—@— PARAGRID - SIKI KUM

Sekil 7.9 I¢sel kaymaya kars: giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,

s,=0.4 m)



Icsel kaymaya kars: giivenlik sayisi, duvar yiiksekliginin degisimi ile farklilik
géstermemistir. Otelenme stabilite tahkikinden farkli olarak icsel kayma
stabilitesi, her bir donatinin iizerindeki blogun donati iizerinden kaymasi durumu
olup, icsel kaymaya karsi siirtiinme direncini dolgu zemininin o6zellikleri
belirlemektedir. Dolgu i¢sel siirtiinme acisi arttikca, giivenlik sayisi da belirgin bir
sekilde artis egilimi gostermistir. Ayrica, sekil {izerinde yapilan degerlendirmede,
kullanilan donatilarin giivenlik sayis1 tizerindeki etkisi acik bir sekilde
goriilmektedir. Buna gore, geogrid kullaniminin diger iki geotekstile gore
incelenen her durum icin, daha wuygun miihendislik c¢o6ziimi rettigi
anlasilmaktadir. Bu hesaplamalarda énemli bir parametre oldugu diistiniilen cg;
parametresi (coefficient of direct slip along reinforcement), geogrid seceneginde
en yiiksektir. Bu nedenle, bu parametre arttikca giivenlik sayisinin arttig

degerlendirilmistir.

Incelenen duvar icin, i¢ stabilite tahkiklerinden bir digeri olan kopma tahkiki ile

ilgili glivenlik sayisi egrileri, asagida Sekil 7.10’da sunulmustur.

KOPMA TAHKIKi (s,=0.4 m, L/H=0.8)

12
—@— GEOTER F PVA - GEVSEK KUM

10
GEOTER F PVA - ORTA SIKI KUM
GEOTER F PVA - SIKI KUM

8
E ¢
o NOTEX C PVA - GEVSEK KUM
4 —&— NOTEX C PVA - ORTA SIKI KUM
2 —&— NOTEX C PVA - SIKI KUM
0 —@— PARAGRID - GEVSEK KUM
0 2 4 6 8 10

. . —@— PARAGRID- ORTA SIKI KUM
Guvenlik Sayisi
—@— PARAGRID - SIKI KUM

Sekil 7.10 Kopmaya kars: giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,
s,=0.4m)

Sekilden goriildiigii gibi, donati kopmasi durumuna karsi giivenlik sayisi, duvar
yliksekliginin degisimi ile 6nemli bir farklilik gostermistir. Duvar yiiksekliginin
artmasi, giivenlik sayisini negatif yonde etkilemistir. Dolgu icsel siirtiinme acisi

arttikca, giivenlik sayis1 da belirgin bir sekilde artis egilimi gostermistir. Ayrica,
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sekil iizerinde yapilan degerlendirmede, kullanilan donatilarin giivenlik sayisi
tizerindeki etkisi acik bir sekilde goriilmektedir. Buna gore, bu incelemede de
geogrid kullaniminin diger iki geotekstil kullanimina gore incelenen iki durum

icin, daha yiiksek giivenlik sayilar1 verdigi anlasilmaktadir.

incelenen duvar icin, son i¢ stabilite tahkiki olan siyrilma tahkiki ile ilgili giivenlik

sayisi egrileri, asagida Sekil 7.11’de sunulmustur.

SIYRILMA TAHKIKi (s,=0.4 m, L/H=0.8)

12
—@— GEOTER F PVA - GEVSEK KUM

10
GEOTER F PVA - ORTA SIKI KUM
. GEOTER F PVA - SIKI KUM
é 6 NOTEX C PVA - GEVSEK KUM

4 —8— NOTEX C PVA - ORTA SIKI KUM

(o]

—@— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM

0 2 40 60 30 —@— PARAGRID- ORTA SIKI KUM

Giivenlik Sayisi —8— PARAGRID - SIKI KUM
Sekil 7.11 Siyrilmaya karsi giivenlik sayis1 egrileri (Statik Analiz, L/H=0.8,
s,=0.4 m)

Sekilden de goriildiigli gibi, donat1 siyrilmasi problemine karsi giivenlik sayisi,
duvar yiiksekliginin degisimi ile farklilik gostermistir. Duvar yiiksekliginin
artmasi, givenlik sayisin1 pozitif yonde etkilemistir. Bu durumun, duvar yiiksekligi
ile birlikte donati uzunlugunun da ayni oranda artmasindan kaynaklandigi
degerlendirilmistir. Bir baska deyisle, donati1 uzunlugunun artirilmasi, siyrilma
riskine karsi etkili bir 6nlem olmaktadir. Bununla birlikte, dolgu icsel siirtiinme
acis1 arttikca, glivenlik sayisi da belirgin bir sekilde artis egilimi gostermistir.
Ayrica, grafik verisi degerlendirildiginde, geotekstil ve geogrid donatilarin
giivenlik sayisi tizerindeki etkisi acgik bir sekilde goriilmektedir. Bu incelemede de,
geogrid kullanimi ile gerceklestirilen sayisal analizlerin sonucunda elde edilen
giivenlik sayilarinin, geotekstil kullanimi ile elde edilen giivenlik sayilarindan
daha yiiksek oldugu anlasilmistir. Ek olarak, sekil incelendiginde, giivenlik

sayilarinin tiim opsiyonlar icin oldukc¢a yiiksek kaldig1 not edilmelidir.
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Incelenen duvar icin, son dis stabilite tahkiki olan toptan gdcme tahkiki ile ilgili

giivenlik sayisi egrileri, asagida Sekil 7.12’de sunulmustur.

TOPTAN GOCME TAHKIKi (s,=0.4 m, L/H=0.8)
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—@— GEOTER F PVA - GEVSEK KUM
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0 0,5 1 15 5 25 3 —@— PARAGRID- ORTA SIKI KUM

Giivenlik Sayisi —@— PARAGRID - SIKI KUM
ekil 7.12 Toptan gocmeye kars: giivenlik sayisi egrileri (Statik Analiz, L/H=0.8,
3 ptan gocmeye karsi g yisi eg
$,=0.4 m)

Sekilden goriildiigii gibi, toptan gocme durumuna karsi giivenlik sayisi, duvar
yliksekliginin degisimi ile 6nemli bir farklilik gostermistir. Duvar yiiksekliginin
artmasi, giivenlik sayisini negatif yonde etkilemistir. Dolgu icsel siirtiinme acisi
arttikca, giivenlik sayisi da artis egilimi gostermistir. Ayrica, sekil {izerinde yapilan
degerlendirmede, kullanilan donatilarin giivenlik sayisi tizerinde etkili oldugu ve
diger analizlere benzer sekilde geogridli c¢oziim icin elde edilen giivenlik

sayilarinin daha yiiksek giivenlik sayilar1 verdigi goriilmiistiir.

Galismanin bu adiminda, donati diisey araliginin davranis {izerindeki etkisini
incelemek amaciyla, ¢ farkli s, kullanimi ile bir seri sayisal analiz
gerceklestirilmistir.  Analizlerde, donati elemani olarak Paragrid 100
kullanilmistir. L/H orani tiim analizler icin, yukarida aciklanmis ve
detaylandirilmis analizler icin secilmis olan 0.8 degeri ile gerceklestirilmistir. Buna
gore, elde edilen sonucglar asagida grafikler ile sunulmustur. Ekler kisminda

calismanin bu adimi icin ayrica, program c¢iktilari ve tablolar verilmistir.

incelenen duvar icin, farkli s, kullanimi durumunda devrilme tahkiki icin elde

edilen giivenlik sayis1 egrileri, asagida Sekil 7.13’te sunulmustur.
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DEVRILME TAHKIKi (PARAGRID, L/H=0.8)
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Guvenlik Sayisi
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Sekil 7.13 Degisen s, icin devrilmeye kars1 giivenlik sayis1 egrileri (Statik Analiz,

L/H=0.8)

Sekilden de goriilecegi gibi, devrilmeye karsi elde edilen giivenlik sayilari, donati

diisey araliginin degisimi ile farklilik gostermemistir. Bu durumun, farkli donati

diisey araliklar1 se¢ilmis/kullanilmis olsa da dolgu 6zelliklerinin ayni kalmasindan

kaynaklandig1 diisiiniilmiistiir. Ayrica, duvar yiiksekligi degisimi, glivenlik sayilar1

lizerinde bir farklilik olusturmamistir. Buna karsilik, secilen dolgu zemininin

sikiliginin giivenlik sayisi tizerinde etkili oldugu anlasilmaktadir.

Incelenen duvar icin, farkli s, kullanimi durumunda 6telenme tahkiki ile ilgili

giivenlik sayis1 egrileri, asagida Sekil 7.14’te sunulmustur.
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Guvenlik Sayisi
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Sekil 7.14 Degisen s, icin 6telenmeye kars: giivenlik sayisi egrileri (Statik Analiz,

L/H=0.8)

78



Sekilden de goriilecegi gibi, 6telenmeye karsi elde edilen giivenlik sayilari, donati
diisey araliginin degisimi ile devrilme tahkikinde de oldugu gibi bir farklilik
gostermemistir. Duvar yiiksekliginin artmasinin ise, giivenlik sayilar1 tizerinde
negatif bir etki olusturdugu goriilmiistiir. Ayrica, secilen dolgu zemininin

sikiliginin giivenlik sayisi tizerinde etkili oldugu degerlendirilmistir.

incelenen duvar icin, farkl: s, kullanimi durumunda tasima giicii tahkiki ile ilgili

giivenlik sayis1 egrileri, asagida Sekil 7.15’te sunulmustur.

TASIMA GUCU TAHKIKi (PARAGRID, L/H=0.8)
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Sekil 7.15 Degisen s, icin tasima giicline kars: giivenlik sayis1 egrileri (Statik

Analiz, L/H=0.8)

Sekilden de goriilecegi gibi, tasima giiciine karsi giivenlik sayisi, donat1 diisey
araliginin degisimi ile farklilik gostermemis, donat1 diisey aralig1 tasima giiciine

etki etmemistir.

Incelenen duvar icin, farkli s, kullanimi durumunda icsel kayma tahkiki ile ilgili

giivenlik sayis1 egrileri, asagida Sekil 7.16’da sunulmustur.
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ICSEL KAYMA TAHKIKi (PARAGRID, L/H=0.8)
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Sekil 7.16 Degisen s, icin i¢csel kaymaya karsi giivenlik sayisi egrileri (Statik
Analiz, L/H=0.8)

Sekilden de goriildiigi gibi, icsel kaymaya karsi gilivenlik sayisi, donat1 diisey
araliginin degisimi ile bir farklilik gostermemistir.

incelenen duvar icin, farkli s, kullammi durumunda kopma tahkiki ile ilgili

giivenlik sayisi egrileri, asagida Sekil 7.17°de sunulmustur.
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Sekil 7.17 Degisen s, icin kopmaya kars: giivenlik sayisi egrileri (Statik Analiz,
L/H=0.8)
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Kopmaya karsi giivenlik sayisi, donat1 diisey araliginin degisimi ile birlikte, gozle
goriliir bir farklilik gostermis; diisey araligin azalimi, giivenlik sayisinin artmasina
sebep olmustur. Bunun nedeni, diisey aralik artirildiginda, donati basina tasinan

ylik degerindeki artis olarak degerlendirilmistir.

incelenen duvar icin, farkl s, kullanimi durumunda siyrilma tahkiki ile ilgili

giivenlik sayis1 egrileri, asagida Sekil 7.18’de sunulmustur.
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Sekil 7.18 Degisen s, i¢in siyrilmaya karsi giivenlik sayisi egrileri (Statik Analiz,
L/H=0.8)

Sekil 7.18'de goriildiigi gibi, siyrilmaya kars1 glivenlik sayisi, donat1 diisey araligi
artirlldiginda, diigsmiistiir. Bir bagka deyisle, donati1 diisey araliginin degisimi,
donat1 siyrilmasi durumu tizerinde 6nemli bir rol oynamaktadir. Donat1 diisey
araliginin azaltilmasi, yukaridaki grafikten de anlasilacag gibi, giivenlik sayisinda

artisa neden olmaktadir.

Incelenen duvar icin, farkli s, kullanim1 durumunda toptan gécme tahkiki ile ilgili

giivenlik sayis1 egrileri, asagida Sekil 7.19’da sunulmustur.
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TOPTAN GOCME TAHKIKi (PARAGRID, L/H=0.8)

12
10 —&— GEVSEK KUM (sv=0.4)
o —&— ORTA SIKI KUM (sv=0.4)
. —&—SIKI KUM (sv=0.4)
£ 5 —@— GEVSEK KUM (sv=0.5)
- ORTA SIKI KUM (sv=0.5)
N SIKI KUM (sv=0.5)
5 GEVSEK KUM (sv=0.8)
—8— ORTA SIKI KUM (sv=0.8)
0 —8—SIKI KUM (sv=0.8)
0 0,5 1 1,5 2 2,5 3

Guvenlik Sayisi

Sekil 7.19 Degisen s, icin toptan gocmeye karsi giivenlik sayisi egrileri (Statik
Analiz, L/H=0.8)

Toptan gocmeye karsi giivenlik sayisi, donati diisey araliginin degisimi ile birlikte,
dikkat ceken bir trend gostermis; diisey araligin azalimi, giivenlik sayisinin
artmasina sebep olmustur. Ayrica, duvar yiiksekliginin artmasi, giivenlik sayisinin
azalmasina neden olmus; dolgunun icsel siirtiinme acisinin degisiminin, giivenlik
sayist lizerinde onemli bir parametre oldugu, buna karsilik sadece bu egrilerin
kendi icerisinde degerlendirilmesi bile, donat1 diisey araliginin davranis iizerinde

etkili oldugunu bu acidan bakildiginda da gostermektedir.

Calismanin bu adiminda, L/H oraninin davranis {izerindeki etkisini incelemek
amaciyla, iki farkli L/H kullanimi (0.7 ve 0.8) ile bir seri sayisal analiz
gerceklestirilmistir.  Analizlerde, donati elemani olarak Paragrid 100
kullanilmistir. Donati diisey aralik degeri olarak tiim analizler icin, 0.4 m
secilmistir. Buna gore, elde edilen sonuclar asagida grafikler ile sunulmustur.
Ekler kisminda calismanin bu adimi i¢in ayrica, program ciktilar1 ve tablolar

verilmistir.

Incelenen duvar icin, farkli L/H orami kullanimi durumunda, devrilme tahkiki

sonucunda elde edilen giivenlik sayisi egrileri, asagida Sekil 7.20’de sunulmustur.
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DEVRILME TAHKIKi (PARAGRID, 5,=0.4 m)

12
10
g —8— GEVSEK KUM (L/H=0.8)
E . —@— ORTA SIKI KUM (L/H=0.8)
T —&—SIKI KUM (L/H=0.8)
4 —8— GEVSEK KUM (L/H=0.7)
2 —@— ORTA SIKI KUM (L/H=0.7)
0 SIKI KUM (L/H=0.7)

0 2 4 6 8 10 12 14
Guvenlik Sayisi

Sekil 7.20 Degisen L/H icin devrilmeye karsi glivenlik sayisi egrileri (Statik

Analiz, s,=0.4 m)

Devrilmeye karsi giivenlik sayisi, sekilde goriildigi gibi L/H oraninin
degisiminden etkilenmistir. Grafik incelendiginde giivenlik sayisinin en diisiik
oldugu durum, L/H oraninin 0.7 ve dolgu zemininin gevsek kum oldugu analiz
iken, giivenlik sayisinin en yiiksek oldugu durum ise L/H oraninin 0.8 ve dolgu

zemininin siki kum oldugu analizdir.

Incelenen duvar icin, farkli L/H orami kullanimi durumunda, &telenme tahkiki

sonucunda elde edilen giivenlik sayisi egrileri, asagida Sekil 7.21’de sunulmustur.

OTELENME TAHKIKi (PARAGRID, s,=0.4 m)

12
10
8 —8— GEVSEK KUM (L/H=0.8)
E . —@— ORTA SIKI KUM (L/H=0.8)
T —8—SIKI KUM (L/H=0.8)
4 —8— GEVSEK KUM (L/H=0.7)
2 —@— ORTA SIKI KUM (L/H=0.7)
0 SIKI KUM (L/H=0.7)

0 1 2 3 4 5 6 7
Guvenlik Sayisi

Sekil 7.21 Degisen L/H icin 6telenmeye kars: glivenlik sayisi egrileri (Statik

Analiz, s,=0.4 m)

83



Otelenmeye karsi giivenlik sayis1 da, sekilde goriildiigii gibi L/H oraninin
degisiminden etkilenmistir. Grafik incelendiginde giivenlik sayisinin en diisiik
oldugu durum, L/H oraninin 0.7 ve dolgu zemininin gevsek kum oldugu analiz
iken, glivenlik sayisinin en yiiksek oldugu durum ise L/H oraninin 0.8 ve dolgu
zemininin siki kum oldugu analizdir. Bununla birlikte, 6telenmeye kars1 giivenlik
sayis1 tahkikinde, dolgu zemini sikiliginin da 6nemli bir etkiye sahip oldugu

anlasilmaktadir.

Incelenen duvar icin, farkli L/H oram kullanimi durumunda, tasima giicii tahkiki

sonucunda elde edilen giivenlik sayisi egrileri, asagida Sekil 7.22’de sunulmustur.

TASIMA GUCU TAHKIKi (PARAGRID, s,=0.4 m)

12
10
8 h —8— GEVSEK KUM (L/H=0.8)
€ . —@— ORTA SIKI KUM (L/H=0.8)
T —8— SIKI KUM (L/H=0.8)
4 —8— GEVSEK KUM (L/H=0.7)
ORTA SIKI KUM (L/H=0.7)
2 SIKI KUM (L/H=0.7)
0
0 2 4 6 8 10

Guvenlik Sayisi

Sekil 7.22 Degisen L/H icin tasima giicline karsi giivenlik sayis1 egrileri (Statik
Analiz, s,=0.4m)

Sekil incelendiginde, L/H orami degisimi ile elde edilen giivenlik sayilarini
gosteren egrilerin dar bir aralik icerisinde kaldig1 goriilmektedir. Bununla birlikte,
en diisiik giivenlik sayisi L/H=0.7 i¢in bulunurken, en yiiksek giivenlik sayisi
L/H=0.8 icin bulunmustur. Bir onceki tahkikte oldugu gibi, tasima giici

tahkikinde de dolgu sikilik derecesinin dikkate alinmasi gerektigi anlasilmaktadir.

Incelenen duvar icin, farkli L/H oram kullanimi durumunda, icsel kayma tahkiki

sonucunda elde edilen giivenlik sayis1 egrileri, asagida Sekil 7.23’te sunulmustur.
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H (m)

12

10

(o]

()]

ICSEL KAYMA TAHKIKi (PARAGRID, s5,=0.4 m)

—— GEVSEK KUM (L/H=0.8)
—8— ORTA SIKI KUM (L/H=0.8)
—&— SIKI KUM (L/H=0.8)
—8— GEVSEK KUM (L/H=0.7)
—8— ORTA SIKI KUM (L/H=0.7)

SIKI KUM (L/H=0.7)
2 3 4 5 6 7

Guvenlik Sayisi

Sekil 7.23 Degisen L/H icin icsel kaymaya kars: giivenlik sayisi1 egrileri (Statik

Analiz, s,=0.4m)

Sekil incelendiginde, L/H oranmi degisiminin, elde edilen giivenlik sayilari

tizerindeki etkisi goriilmektedir. Buna gore, en diisiik giivenlik sayisi L/H=0.7 icin

bulunurken, en ytiksek giivenlik sayis1 L/H=0.8 icin bulunmustur. Ek olarak, bu

analizlerde de dolgu sikilik derecesinin dikkate alinmasi gerektigi, grafik tizerinde

ayni sikilik icin bulunan noktalarin yan yana {i¢ grup formunda goriilmesinden

acikca anlasilmaktadir.

Incelenen duvar icin, farkh L/H orami kullanimi durumunda, kopma tahkiki

sonucunda elde edilen giivenlik sayis1 egrileri, asagida Sekil 7.24’te sunulmustur.

H (m)

12

10

KOPMA TAHKIKi (PARAGRID, s,=0.4 m)

—8— GEVSEK KUM (L/H=0.8)
—@— ORTA SIKI KUM (L/H=0.8)
—&—SIKI KUM (L/H=0.8)

—@— GEVSEK KUM (L/H=0.7)
—@— ORTA SIKI KUM (L/H=0.7)

SIKI KUM (L/H=0.7)
2 4 6 8 10

Guvenlik Sayisi

Sekil 7.24 Degisen L/H icin kopmaya kars: giivenlik sayisi1 egrileri (Statik Analiz,

$,=0.4 m)
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Sekil 7.24 incelendiginde, farkli L/H oranlar1 icin kopma riskine karsi elde edilen
giivenlik sayis1 egrilerinin iist iiste geldigi ve bu nedenle, L/H oraninin kopma riski

tizerinde 6nemli bir etkiye sahip olmadig1 degerlendirilmistir.

incelenen duvar icin, farkli L/H oram kullanimi durumunda, siyrilma tahkiki

sonucunda elde edilen giivenlik sayis1 egrileri, asagida Sekil 7.25’te sunulmustur.

SIYRILMA TAHKIKi (PARAGRID, s5,=0.4 m)

12
10
8 —8— GEVSEK KUM (L/H=0.8)
€ . —@— ORTA SIKI KUM (L/H=0.8)
T —8— SIKI KUM (L/H=0.8)
4 —8— GEVSEK KUM (L/H=0.7)
ORTA SIKI KUM (L/H=0.7)
2 SIKI KUM (L/H=0.7)
0
0 10 20 30 40 50 60 70

Guvenlik Sayisi

Sekil 7.25 Degisen L/H icin siyrilmaya kars1 giivenlik sayisi egrileri (Statik
Analiz, s,=0.4 m)

Sekil incelendiginde, L/H orani degisiminin, elde edilen giivenlik sayilar
tizerindeki etkisi goriilmektedir. Buna gore, en diisiik giivenlik sayis1 L/H=0.7 icin
bulunurken, en yiiksek giivenlik sayis1 L/H=0.8 icin bulunmustur. Ek olarak, bu
analizlerde de dolgu sikilik derecesinin dikkate alinmasi gerektigi; gevsek kum icin
bulunan egrilerin yan yana, orta siki kum i¢in bulunan egrilerin yan yana ve siki

kum icin bulunan egrilerin yan yana olmasindan anlasilmaktadir.

Incelenen duvar icin, farkli L/H orani kullanimi durumunda, toptan gocme tahkiki

sonucunda elde edilen giivenlik sayis1 egrileri, asagida Sekil 7.26’da sunulmustur.
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TOPTAN GOCME TAHKIKi (PARAGRID, s,=0.4 m)

12

10
—— GEVSEK KUM (L/H=0.8)
. —@— ORTA SIKI KUM (L/H=0.8)

—8— SIKI KUM (L/H=0.8)

(o]

H (m)

4 —— GEVSEK KUM (L/H=0.7)
ORTA SIKI KUM (L/H=0.7)
SIKI KUM (L/H=0.7)

0 0,5 1 1,5 2 2,5 3
Guvenlik Sayisi

Sekil 7.26 Degisen L/H icin toptan gocmeye karsi giivenlik sayis1 egrileri (Statik
Analiz, s,=0.4m)

Sekil incelendiginde, L/H orani degisiminin, elde edilen giivenlik sayilar
tizerindeki etkisi goriilmektedir. Buna gore, en diisiik giivenlik sayis1 L/H=0.7 icin
bulunurken, en yiiksek giivenlik sayis1 L/H=0.8 icin bulunmustur. Bununla
birlikte, davranis iizerinde dolgu parametresinin de etkili oldugu, farkli sikilik
derecesindeki dolgu icin gerceklestirilen analizlerden acgik bir sekilde
anlasilmaktadir. Ornegin, L/H oram 0.7 iken en diisiik giivenlik sayis1 gevsek kum
icin bulunurken, en diisiik ikinci gtivenlik sayis1 L/H orani 0.8 iken gevsek kum

kabulii ile gerceklestirilen analizler i¢cin bulunmustur.
Sismik (Dinamik) Analizler

Bu calisma kapsaminda, GEOS5 programi kullanilarak gerceklestirilen dinamik
analizlerde, statik analizlerde oldugu gibi; 6,8 ve 10 m olmak iizere {i¢ farkli duvar
yiiksekligi; Geoter F PVA 100, Notex C PVA 110-30 ve Paragrid 100 olmak tizere
tic farkli donati; gevsek, orta siki ve siki kum olmak iizere ii¢ farkli geridolgu
kullanilmistir. Ayrica, donati diisey araligi degisiminin davranis tizerindeki etkisini
incelemek amaciyla, ¢ farkl s, degeri (0.25 m, 0.4 m, 0.8 m) kullanilmstir.
Gergeklestirilen analizlerle ilgili grafikler asagida; program ciktilar1 ve giivenlik

sayisi tablolar1 ise, Ekler boliimiinde sunulmustur.
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Sismik yiiklerden dolayr duvara ilave yanal basinclar etki ettigi icin duvar
stabilitesi olumsuz etkilenmis, giivenlik sayilarinda diisiis gozlenmis ve bu nedenle
L/H oranmi artirilmistir. L/H orani daha yiiksek secildiginde dahi, statik
analizlerdekine benzer donati diisey araligi kullanildiginda, giivenlik sayilari

diismiis, bu nedenle diisey aralik da azaltilmistir (Tablo B.29, B.32 ve B.35).

Incelenen duvar icin, devrilme tahkiki sonucunda elde edilen giivenlik sayis

egrileri, asagida Sekil 7.27°de sunulmustur.

DEVRILME TAHKIKI (s,=0.25 m, L/H=1)

12
10 —@— GEOTER F PVA - GEVSEK KUM
8 GEOTER F PVA - ORTA SIKI KUM
. GEOTER F PVA - SIKI KUM
\E/ 6 NOTEX C PVA - GEVSEK KUM
- —8— NOTEX C PVA - ORTA SIKI KUM
N —@— NOTEX C PVA - SIKI KUM
) —@— PARAGRID - GEVSEK KUM
—@— PARAGRID- ORTA SIKI KUM
0 —@— PARAGRID - SIKI KUM
0 2 4 6 8 10

Glvenlik Sayisi
Sekil 7.27 Devrilmeye kars1 giivenlik sayisi egrileri (Dinamik Analiz)

Sekil 7.27°de goriildiigii gibi, devrilmeye kars1 giivenlik sayisi, duvar yiiksekliginin
degisimi ile farklilik gostermemistir. Bunun sebebinin, artan yiikseklik ile birlikte
donat1 uzunluklarinin da ayni oranda artmasi ve duvar yiiksekligi boyunca dolgu
parametrelerinin degismemesi oldugu degerlendirilmistir. Farkli donati
kullaniominin grafik iizerinde herhangi bir farklilik olusturmamasindan dolay,
donat1 cesidinin giivenlik sayisina etki etmedigi anlasiimaktadir. Dolgu igsel
sirtiinme acis1 artirildiginda ise, giivenlik sayisi artmustir. Statik analizlerden elde
edilen grafikle (Sekil 7.6) kiyaslandiginda, L/H oraninin daha yiiksek ve donati
diisey araliginin daha diisiik secilmis/kullanilmis olmasina ragmen daha diisiik

giivenlik sayilari bulunmustur. Bununla birlikte, elde edilen giivenlik sayilari,
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duvarin mevcut analizlere gore sismik yiik etkisi altinda stabil oldugunu

gostermektedir.

Incelenen duvar icin, 6telenme tahkiki sonucunda elde edilen giivenlik sayisi

egrileri, asagida Sekil 7.28’de sunulmustur.

OTELENME TAHKIKi (s,=0.25 m, L/H=1)

12
10
—@— GEOTER F PVA - GEVSEK KUM
8 GEOTER F PVA - ORTA SIKI KUM
. GEOTER F PVA - SIKI KUM
E 6 NOTEX C PVA - GEVSEK KUM
- —@— NOTEX C PVA - ORTA SIKI KUM
4 —@— NOTEX C PVA - SIKI KUM
5 —@— PARAGRID - GEVSEK KUM
—@— PARAGRID- ORTA SIKI KUM
0 —@— PARAGRID - SIKI KUM
0 1 2 3 4 5

Guvenlik Sayisi

Sekil 7.28 Otelenmeye kars: giivenlik sayisi egrileri (Dinamik Analiz)

Otelenmeye kars: giivenlik sayisi, sekildeki goériildiigii gibi, duvar yiiksekliginin
artmasi ile azalmistir. Donati degisimi ile grafik {izerinde bir farklilik
olusmamistir. Dolgu icsel siirtinme acis1 artirildiginda ise, giivenlik sayisi
artmistir. Statik analizlerden elde edilen giivenlik sayisi egrileriyle (Sekil 7.7)
kiyaslandiginda, L/H oraninin daha yiiksek ve donati diisey araliginin daha diisiik
secilmis/kullanilmis olmasina ragmen daha diisiik giivenlik sayilar1 bulunmustur.
Bununla birlikte, elde edilen giivenlik sayilari, devrilme tahkikinde oldugu gibi,
duvarin gerceklestirilen analizlere gore sismik yiik etkisi altinda stabil oldugunu

gostermektedir.

Iincelenen duvar icin, tasima giicii tahkiki sonucunda elde edilen giivenlik sayis1

egrileri, asagida Sekil 7.29’da sunulmustur.
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TASIMA GUCU TAHKIKi (s,=0.25 m, L/H=1)

12
—@— GEOTER F PVA - GEVSEK KUM
0 —@— GEOTER F PVA - ORTA SIKI KUM
. 8 GEOTER F PVA - SIKI KUM
E 6 NOTEX C PVA - GEVSEK KUM
- 4 —@— NOTEX C PVA - ORTA SIKI KUM
5 —@— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM
0

0 2 4 6 3 —@— PARAGRID- ORTA SIKI KUM

Guvenlik SBYISI —@— PARAGRID - SIKI KUM

Sekil 7.29 Tasima giiciine karsi giivenlik sayisi egrileri (Dinamik Analiz)

Gerceklestirilen analizlerde, tasima giiciine karsi giivenlik sayisi, duvar yiiksekligi
arttikca, azalmistir. Ayni dolgu ve duvar yiiksekligi ile analiz yapildiginda, farkl
donatilar kullanilsa da grafik iizerinde bir farklillk goézlenmemistir. Statik
analizlerden elde edilen giivenlik sayisi egrileriyle (Sekil 7.8) kiyaslandiginda,
L/H oraninin daha yiiksek ve donati diisey araliginin daha diisiik secildigi,
dinamik analizlerden elde edilen giivenlik sayilarinin statik analizlerden elde

edilen giivenlik sayilar1 ile cok benzer oldugu goriilmiistiir.

Incelenen duvar icin, icsel kayma tahkiki sonucunda elde edilen giivenlik sayis

egrileri, asagida Sekil 7.30’da sunulmustur.

ICSEL KAYMA TAHKIKi (s,=0.25 m, L/H=1)

v —— GEOTER F PVA - GEVSEK KUM
10 —@— GEOTER F PVA - ORTA SIKI KUM
8 GEOTER F PVA - SIKI KUM
E s NOTEX C PVA - GEVSEK KUM
- 4 —@— NOTEX C PVA - ORTA SIKI KUM
5 —@— NOTEX C PVA - SIKI KUM
. —@— PARAGRID - GEVSEK KUM
0 1 2 3 4 5  —@—PARAGRID- ORTA SIKI KUM
Guvenlik Sayisi —@— PARAGRID - SIKI KUM

Sekil 7.30 icsel kaymaya kars: giivenlik sayisi egrileri (Dinamik Analiz)

90



Sekil 7.30 incelendiginde, kullanilan donati malzemesinin ve geridolgunun sikilik
derecesinin davranis iizerinde oldukca etkili oldugu anlasilmaktadir. Bu durum,
statik analizlerde de benzer sekilde goriilmiistiir. Gilivenlik sayisi acisindan
degerlendirilme yapildiginda, dinamik analizlerde elde edilen giivenlik
sayilarinin, statik analizlerde elde edilenlerden biraz daha diisiik oldugu

belirlenmistir.

incelenen duvar icin, kopma tahkiki sonucunda elde edilen giivenlik says1 egrileri,

asagida Sekil 7.31’de sunulmustur.

KOPMA TAHKIKi (s,=0.25 m, L/H=1)

12
10 —@— GEOTER F PVA - GEVSEK KUM
GEOTER F PVA - ORTA SIKI KUM
— ’ GEOTER F PVA - SIKI KUM
E s NOTEX C PVA - GEVSEK KUM
- . —— NOTEX C PVA - ORTA SIKI KUM
—@— NOTEX C PVA - SIKI KUM
2 —@— PARAGRID - GEVSEK KUM
0 —@— PARAGRID- ORTA SIKI KUM
0 5 10 15  —@—PARAGRID - SIKI KUM

Guvenlik Sayisi

Sekil 7.31 Kopmaya karsi giivenlik sayisi egrileri (Dinamik Analiz)

Kopmaya karsi giivenlik sayisi, statik analiz sonuglarina benzer sekilde donatinin
degisiminden onemli Ol¢lide etkilenmistir. Sekilde de belirgin bir sekilde
goriildiigii gibi, bir geogrid olan Paragrid 100 donatisinin kullanimu ile giivenlik
sayillarinda 6nemli bir artis gerceklesmistir. Dolgu icsel stirtiinme acis1 arttikga,
giivenlik sayisimin artti§1 goriilmiistiir. Statik analizlerden elde edilen giivenlik
sayis1 egrileriyle (Sekil 7.10) kiyaslandiginda, dinamik analizlerde elde edilen
giivenlik sayilar1 biraz daha diisiik ¢cikmistir. Benzer durum, ekler kisminda Tablo
A.56, A.59 ve A.62’den de goriilecegi gibi statik analiz (s,=0.8 m ve L/H=0.8)
icin elde edilen giivenlik sayilari ile Tablo B.30, B.33 ve B.36’da sonugclar1 verilmis
dinamik analizden (s,=0.8 m ve L/H=1.0) belirlenen giivenlik sayilar1 i¢in de

gecerlidir. Bununla birlikte, diisey aralik azaltildiginda (s,=0.25 m)
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gerceklestirilen dinamik analizlerden elde edilen giivenlik sayilari not edilmesi
gerekecek sekilde, statik analizlere gore biraz daha yiiksek giivenlik sayilari
goriilmistiir. Bu durumun, donati diisey araliginin statik analizlerde
kullanilanlardan =~ daha  disiik  secilmis  olmasindan  kaynaklandigi

degerlendirilmistir.

incelenen duvar icin, siyrilma tahkiki sonucunda elde edilen giivenlik sayisi

egrileri, asagida Sekil 7.32’de sunulmustur.

SIYRILMA TAHKIKi (s,=0.25 m, L/H=1)

12
10
—@— GEOTER F PVA - GEVSEK KUM
8 GEOTER F PVA - ORTA SIKI KUM
. GEOTER F PVA - SIKI KUM
E 6 NOTEX C PVA - GEVSEK KUM
- —@— NOTEX C PVA - ORTA SIKI KUM
4 —@— NOTEX C PVA - SIKI KUM
—@— PARAGRID - GEVSEK KUM
? —@— PARAGRID- ORTA SIKI KUM
0 —@— PARAGRID - SIKI KUM
0 1 2 3 4 5

Guvenlik Sayisi

Sekil 7.32 Siyrilmaya karsi giivenlik sayisi egrileri (Dinamik Analiz)

Sekilden de goriildiigii gibi, siyrilmaya karsi giivenlik sayisi grafigi, statik analizler
icin elde edilen grafikten biraz daha farkli bir trend gostermistir. Bu durumun,
dinamik bir yiik olan deprem etkisinin, duvara statik bir yiik gibi etki ettirilme
prosediirii, yik dagilimi ve donatilarin sismik yiik etkisi altindaki davranisinin
(6rnegin iist seviyelerdeki donatilar ile alt seviyelerdeki donatilarin) birbirinden
farkli olmasi gibi parametrelerden kaynaklandig1 degerlendirilmistir. Statik
analizlere gore, L/H orani daha yiiksek ve donati diisey araligi daha diisiik
secilmis/kullanilmis olmasina ragmen giivenlik sayilarinda oOnemli Olgiide
gerceklesen azalimlarin, sismik yiiklerin siyrilma stabilitesi iizerinde negatif olarak

etkili olmasindan kaynaklandigi diistiniilmektedir.
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Incelenen duvar icin, sismik yiikler altinda toptan gécme tahkiki sonucunda elde

edilen giivenlik sayis1 egrileri, asagida Sekil 7.33’te sunulmustur.

TOPTAN GOCME (sv=0.25 m, L/H=1)

12

10 —@— GEOTER F PVA - GEVSEK KUM
GEOTER F PVA - ORTA SIKI KUM
GEOTER F PVA - SIKI KUM
NOTEX C PVA - GEVSEK KUM

(o]

E s
T
. —&— NOTEX C PVA - ORTA SIKI KUM
—&— NOTEX C PVA - SIKI KUM
2 —&— PARAGRID - GEVSEK KUM
0 —@— PARAGRID- ORTA SIKI KUM
0 0,5 1 1,5 2 2,5 —@—PARAGRID - SIKI KUM

Guvenlik Sayisi
Sekil 7.33 Toptan gocmeye kars: giivenlik sayisi egrileri (Dinamik Analiz)

Sekilden goriildugii gibi, sismik yiikler altinda toptan go¢me durumuna karsi
giivenlik sayisi, statik yiikler i¢in elde edilen giivenlik sayilarina gore biraz daha
diisiik kalmistir. Bununla birlikte, sismik yiikler altinda tiim opsiyonlar i¢in analiz
edilen duvarin stabil oldugu degerlendirilmesi yapilabilir. Sekil incelendiginde, en
diisiik giivenlik sayisinin, bir geotekstil olan Geoter F PVA 100 ve gevsek geridolgu
secenekleriyle gerceklestirilmis analizde; en yiiksek gilivenlik sayisinin ise, bu
calismada kullanilan geosentetik donatilar icerisinde miihendislik 6zellikleri en
yliksek olan Paragrid 100 ve siki dolgu secenegi icin gerceklestirilmis analiz icin
bulundugu goriilmektedir. Ayrica, donati diisey araligi azaldik¢a, dinamik

analizlerde elde edilen giivenlik sayilar1 artis egilimi gostermistir (Tablo B.28-36).

Calismanin bu adiminda, analizlerde kullanilmis olan GEO5 - MSE WALL
bilgisayar programinin uygunlugunun degerlendirilebilmesi amaciyla literatiirden
secilmis olan bir 6rnek (Koerner, 2005: 100), MSE WALL programinda

modellenmis ve sonuclar incelenmistir.

Incelenen 6rnek icin, geosentetik donati tasarim ¢ekme mukavemeti 1000 Ib/ft,

kayma katsayis1 ve donati — zemin arayiiz slirtiinme katsayisi 0.8’dir (Sekil 7.34).
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Mame: user defined -

Production set : user defined -

Tensile strength

Short-term char. strength : Ty = 3000,00 | [Ibf/ft]
Analysis of long-term strength R, : input strength -
Leng-term design strength : R;= 1000,00 | [Ibf/ft]

Slip resistance
Coefficient of direct slip along reinforcement :
Cige = 0,80 [-]
Pull out resistance
Coefficient of interaction of scil and geo-reinforcement :
= 0,80 [-]
Connection strength

do not check -

Bl User's catalog M Cancel

Sekil 7.34 Incelenen 6rnek icin geosentetik parametreleri (GEO5 - MSE Wall)

Incelenen 6rnek icin, duvar tabanindan itibaren donati diisey arahig1 1 ft ile alti
tabaka, kalan boliimde 1.5 ft ile dort tabaka olusturulmus olup, donat1 uzunlugu

10 ft seklindedir (Sekil 7.35).
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No. | Number Name Reinforc. spacing | First reinforc. height Reinforc. geometry
reinf. h [ft] ylIit]
1 6/ user defined 1,00| 0,01 identical length of reinforcements
2 4/ user defined 1,50| 6,00 identical length of reinforcements

Reinforcement

Reinforc. length | End pt. coordinate

11t
10,00
10,00

2 Verification

Installation type | Coverage ratio W Bearing cap.

KoM 7 Slip on georeint.

[F Internal stability

llft]

continuous
continuus & Global stability
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Qutputs [u}

Sekil 7.35 Incelenen érnek icin geosentetik uzunluk ve araliklari (GEOS5 - MSE

Wall)

Ornekte kullanilan geridolgu ve temel zemini icin gerekli bilgiler asagida

sunulmustur (Sekil 7.36-37).

Identification

MName: BACKFILL 5QIL

Basic data

Unit weight : T = 110,0 | [pef]
Angle of internal friction : Pef = 32,00 | [7]
Cohesion of soil : Cef = 0,0 | [psf]

Angle of friction struc.-soil 1 &
Uplift pressure

Calc. mode of uplift: | standard -

1100

Saturated unit weight : Teat = [pef]

Clear

Draw
Pattern category :
GEO -
Search :
Subcategory :
Sails (1 - 16) -
Pattern :

-
% Sand
Color:
I
Background :

automatic -

Saturation <10 - 90> : 10| [%]

gk Add o Cancel

Sekil 7.36 Incelenen érnek icin geridolgu dzellikleri (GEOS5 - MSE Wall)
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FOUMNDATION SOIL

Identification
Marne :
Basic data
Unit weight : Y=
Angle of internal friction: g =
Cohesion of soil : Cef
Angle of friction struc.-soil: &
Uplift pressure
Calc. mode of uplift: | standard
Saturated unit weight : Feat =
Clear

115,0
15,00
320,0

14,20

15,0

[pef]

[psf]

7]

[pef]

Draw
Pattern category:
GEO -
? Search:
Subcategory :
Sails (1 - 16) -
Pattern :
? —__—__—__—__—__—__ -
4 Clay
Color:

Background :

automatic

Saturation =10 - 90= :

&b Add

10| [%]

M Cancel

Sekil 7.37 Incelenen érnek icin temel zemini 6zellikleri (GEOS - MSE Wall)

Incelenen 6rnek icin, duvar iizerine etki eden yiikler Sekil 7.38'de sunulmustur.

+z

13200,50
12,00 - L eackAwsaL t, |
T8}, 71
b -18B0B3 0o
10,0 } _ —FOUNDATIONSOIL ~ —

Sekil 7.38 Incelenen 6rnek icin duvara etkiyen yiikler (GEOS - MSE Wall)

Incelenen 6rnekte, duvara etkiyen taban basinclar1 Sekil 7.39’da sunulmustur.
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9,82

1869
1869

Sekil 7.39 Incelenen érnek icin taban basinclar1 (GEOS5 - MSE Wall)

Incelenen 6rnekte, kayma kamasi iizerinde her bir donatiya etkiyen yanal cekme
kuvveti (F,), Sekil 7.40’da gosterilmistir. Ayrica donati cekme mukavemeti (R,) ve
donati siyrilma direnci (T,) degerleri ile birlikte Sekil 7.41’de tablo halinde

sunulmustur.

293,36

Ak 271,51

332,78

324,13
289,94
317,12
344 41
371,64
396,81

207,83

Sekil 7.40 Incelenen 6rnek icin donatilara etkiyen yanal kuvvetler (GEO5 - MSE
Wall)
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Calculated forces and strength of reinforcements
No. Mame Fy Depth R Utiliz. Tp Liiliz.
[Ibf/ft] zZ[ft] [Ibf/ft] [% [Ibf/ft] [%

1 user defined {user) -207.83 12,00 1000,00 317 5639,30 3,31
2 userdefined (user) -396,81 1,01 1000,00 59,52 11443,80 5,20
3 user defined {user) -371,64 10,01 1000,00 55,75 974,00 5,69
4 userdefined (user) -344.4 9,01 1000,00 51,66 8266,16 6,25
5 user defined (user) -317,18 8,01 1000,00 47,58 6860,27 6,94
& userdefined (user) -289,94 70 1000,00 4349 3576,35 7,80
7 user defined (user) -324.13 6,01 1000,00 48,62 441438 11,01
8  user defined (user) -332,78 45 1000,00 48,92 2900,10 17,21
9  userdefined (user) -271,31 3,01 1000,00 40,73 1660,22 24,33
10 user defined {user) -293,36 1,51 1000,00 44,00 694,75 63,34

Sekil 7.41 Incelenen érnek icin donatilarin F,, R, ve T,degerleri (GEOS5 - MSE
Wall)

Duvar toptan gocme stabilitesi analizinde olusan kritik kayma diizlemi, Sekil

7.42'de sunulmustur.

Sekil 7.42 Incelenen 6rnek icin duvarin toptan gécme stabilite durumu (GEOS -

MSE Wall)

Koerner (2005) tarafindan verilen 6rnegin, bu tez calismasinda GEOS5 ile
gerceklestirilen analizi sonucunda elde edilen giivenlik sayisi sonuclarinin

program ciktilari, Tablo 7.1’de sunulmustur.
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Tablo 7.1 Literatiir 6rnegi icin program ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Verification of complete wall
. - Eccentricity verification
E:‘;gi(nf;:.::;:nlfmngmsr:hmq??m 9.6 IbFFLf Mazx, eccentricity of normal force & = 0,009

Owerturning moment Mg, 7444 4 |bfft/ft
Safety factor = 10,43 > 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting herizental force Hpes
Active horizontal force Hzct

6643,28 Ibf/ft
1860,63 Ibf/ft

Safety factor = 3,57 > 1,30
Wall for slip is SATISFACTORY

Maximum allowable eccentricity ey = 0,333
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz. stress at footing bottom g
Bearing capacity of foundation soil Ry

Safety factor= 2,80 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

1869,5 psf
5239,0 psf

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 1000,00 Ibf/fft
Farcein reinforcement F, = 396,81 Ibf/ft

Safety factor= 252 > 1,30

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.10)
Pull out resistance Tp = 694,75 Ibf/ft

Forcein reinforcement Fy, = 293,36 |bf/ft

Safety factor= 237> 1,30

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)

Sum of active forces:  Fz= 3940.6 |bf/ft
Sum of passive forces: Fp= 13190,8 Ibf/ft
Sliding moment : Mz = 3B69766,5 |bfft/ft

Resisting morment : Mg = 37093641 Ibfft/ft
Factor of safety = 1,48 » 1,30
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Overall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Heee = 717286 [bf/ft
185770 Ibf/ft

Active horiz, force Hzrt

Factor of safety = 3,86 = 1,50
Slip along geotextile is SATISFACTORY

= 90,00 ©

1434872 |bf/ft
0,20

T172,86 |bf/ft
0,00 Ibf/ft
0,00 Ibf/ft
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Siirsarj yikii, devrilme ve Otelenme analizlerinde Koerner (2005) tarafindan
hesaba katilmamaistir; bu nedenle GEO5 coziimlerinde de siirsarj yiikii hesaplara
dahil edilmemistir. Koerner (2005), aktif kuvvet hesabinda arayiiz siirtiinme
acisini, dolgu icsel siirtiinme acisina esit almistir; bu nedenle GEOS ¢oziimlerinde
de benzer adim takip edilmistir. Koerner (2005)’te ilk olarak, duvar tabanindan
itibaren alt1 donatinin uzunlugu 5 ft, diger donatilarin uzunlugu 10 ft secilmis ve
devrilmeye kars: giivenlik sayis1 8.1 ¢ikmistir. Otelenmeye kars: giivenlik sayis1 2.5
¢ikmis ve ardindan, ilk durumda 5 ft olarak secilen donatilarin uzunlugu 10 ft
olarak degistirilmistir. Bu durumda, bu tez ¢alismasi sirasinda devrilmeye karsi
giivenlik sayisi, yeni ol¢iilere gore tekrar hesaplandiginda 10.33 cikmistir ve GEO5
programindaki sonucla (10.43) olduk¢a yakindir. Otelenmeye karsi giivenlik
sayist ise Koerner (2005)’te 3.30 cikmistir; ve yine GEO5 programindaki sonug
(3.57) ile, devrilme tahkikinde de oldugu gibi, oldukca yakindir. Incelenen
ornekteki hesaplarda, tasima giicli Terzaghi yontemine gore serit temel icin ifade
edilen denklem ile belirlenmis ve tasima giiciine kars1 giivenlik sayis1 3.05 olarak
hesaplanmistir. GEO5 programinda ise, ayni deger 2.80 olarak bulunmustur.
Analiz sonuclari, birlikte degerlendirildiginde GEOS5 ile elde edilen giivenlik
sayilar ile Koerner (2005)’te verilen gilivenlik sayilari, oldukc¢a yakin bir uyum
gostermistir. Bu noktadan hareketle, bu tez calismasinda GEOS5 programi ile

gerceklestirilen analizlerin giivenilir coziimler verdigi degerlendirilmistir.

Toptan goc¢me analizi yukarida bahsedilen Ornekte incelenmemis olup, GEO5

programi ile gerceklestirilen analizde giivenlik sayis1 1.48 olarak bulunmustur.
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8

SONUGC VE ONERILER

Bu tez ¢alismasi kapsaminda geosentetik donatili toprak duvarlarin GEO5 MSE —
WALL programi ile analiz edilmesi iizerine bir arastirma sunulmustur. Bu amacla,

analiz edilen donatili toprak duvar icin;

. 3 farkli geosentetik donat1

. 3 farkli geridolgu zemini (farkli icsel siirtiinme acisi ve birim hacim
agirhigl)

. 3 farkli duvar yiiksekligi secilmistir.

Gergeklestirilen analizlerde sadece yukaridaki parametreler degil, ayrica donati
diisey araliginin (s,) ve donati uzunlugu ile duvar yiiksekligi oraninin (L/H), duvar
davranisi izerindeki etkisi de incelenmeye calisilmistir. Analizler, hem statik hem
dinamik (sismik) yiikleme durumu icin gerceklestirilmistir. Her iki yiikleme
durumu icin de devrilme, 6telenme, tasima giicii, i¢sel kayma, kopma, siyrilma ve

toptan gocme kontrollerini iceren stabilite analizleri icin ¢6ziimler elde edilmistir.

Analizlerde kullanilan geosentetik donatilar, iki farkli geotekstil (Geoter F PVA
100 ve Notex C PVA 110-30) ve bir geogrid (Paragrid 100) olarak secilmistir.
Secilen malzemelerin miithendislik Ozellikleri metin icerisinde tablo olarak
sunulmustur. Analizlerde duvar yiikseklikleri olarak, gerek literatiirde Onerilen
gerekse ekonomik olmasi agisindan 6,8 ve 10 m olmak iizere ii¢ farkli duvar
yiiksekligi kullanilmistir. Geridolgu zemini olarak, {i¢ farkl sikilikta kum zemin
(Gevsek, Orta Siki ve Siki) kabulii yapilmistir. Bu nedenle, ¢ farkli birim hacim
agirhigi ve {ic farkli icsel stirtiinme acisi secimi yapilmistir. Calismada, donati diisey
araligi ve L/H orani degisiminin davranis iizerindeki etkisini belirlemek amaciyla,
farkli s, ve L/H orami degerleri kullanilmistir. Statik yiikleme kabuli ile
gerceklestirilen analizlerde, ti¢ farkli s, degeri kullanilmis olup, bunlar sirasi ile 0.4
m, 0.5 m, 0.8 m; ayn1 analizlerde kullanilan L./H orani degerleri ise, 0.7 ve 0.8dir.
Dinamik yiikleme kabulii ile gerceklestirilen analizlerde, ii¢ farkli s, degeri

kullanilmis olup, bunlar sirasi ile 0.25 m, 0.4 m, 0.8 m’dir. Dinamik analizler icin,
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tek bir L/H orani kullanilmis olup, bu deger 1.0 olarak alinmistir. Burada not

edilmesi gereken nokta, sismik yiiklerden dolay1 duvara ilave yiik etki etmesi

nedeniyle duvar stabilitesinin olumsuz etkilenmesi ve giivenlik sayilarinin

azalmasi durumuna karsi; gerceklestirilen dinamik analizlerde, L/H orani

artirllmis (1.0) ve s/nin statik analizlere gore daha kiiciik oldugu c¢oziimler

(s,=0.25 m) de elde edilmistir.

Gergeklestirilen analizler sonucunda elde edilen bulgular asagida siralanmustur.

D

2)

3)

Geridolgu zemininin o6zelliklerinin iyilesmesinin, genel olarak duvar
stabilitesi lizerinde pozitif bir etki yaptig1 goriilmiistiir. Geridolgu
zemininin icsel siirtinme acis1 arttikca, gilivenlik sayilarinda artis
goriilmiistiir. Bununla birlikte, geridolgu zemininin birim hacim
agirhgindaki artis, tasima giicii tahkikinde ise dogal olarak giivenlik

sayilarini biraz diisiirmiistiir.

Duvar yiiksekliginin degisimi, giivenlik sayilar1 izerinde 6énemli bir etken
olarak kendini gostermisse de, bu calismada kullanilan bir baska énemli
parametre olan L/H orami da, Hnin degisimi ile birlikte donati
uzunlugunun da degismesine sebep oldugu icin duvar yiksekliginin
degisimi, ornegin; devrilme ve i¢sel kaymaya kars: stabilite tahkiklerinde
giivenlik sayilari iizerinde bir farklilik olusturmazken; otelenme, toptan
gocme ve donati kopmasi stabilite analizlerinde giivenlik sayilarinin
diismesine; siyrilma stabilitesi analizlerinde ise statik durum icin, L
degerinin de artmasi nedeniyle duvar yiiksekliginin artmasi, giivenlik
sayilarinda artisa sebep olmus; sismik durum icin ise giivenlik sayilarinda

oldukga diisiik miktarlarda azalmaya neden olmustur.

L/H orani degisiminin duvar davranisi iizerinde etkili oldugu, bu ¢alismada
gerceklestirilen sayisal analiz sonuclarina bakilarak basit¢e aciklanabilir.
Ornegin, L/H=0.8 ile gerceklestirilen coziimlerde elde edilen giivenlik
sayilari, bu oranin 0.7 olmasi ile gerceklestirilen analizlerde elde edilen
givenlik sayilar1 ile kiyaslandiginda, o©nemli Oolciide artis egilimi

gostermistir. Buna karsin, kopma stabilitesi durumu icin, L/H oranindaki
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4)

5)

6)

degisimin giivenlik sayilarini etkilemedigi, farkli L/H oranlar icin elde

edilen egrilerin st iiste geldigi not edilmelidir.

Donati diisey araliginin giivenlik sayilari iizerindeki etkisini incelemek icin
gerceklestirilen analizler incelendiginde; donat1 diisey aralig1 degisiminin;
devrilme, otelenme, tasima giicii ve i¢sel kayma durumlarinda bir farklilik
olusturmadigi; buna karsilik toptan gocme, kopma ve siyrilma stabilite
durumlarin1 etkiledigi ve diisey araligin azaltilmasi ile bu stabilite
durumlar i¢in bulunan giivenlik sayilarinda dikkat cekici artislar olustugu

goriilmiistiir.

Bu calismada kullanilan geosentetik donatilarin o6zelliklerinin, duvar
stabilitesi {izerindeki etkisi, cizilen grafikler {izerinden degerlendirilmistir.
Secilen donatilar icin c¢oziimler incelendiginde; devrilme, otelenme ve
tasima giicli stabilite durumlarinda bir farklilik olusmadig1 ve her biri icin
lejantta goriilen opsiyonlarin grafikler iizerinde tist iiste geldigi; buna
karsin toptan gocme, i¢sel kayma, kopma ve siyrilma stabilite durumlari
icin giivenlik sayilarinda degisimler oldugu ve en yiiksek giivenlik sayisi
degerlerinin, karakteristik cekme mukavemetleri (T ayni (100 kN/m)
olan donatilar icerisinde daha iyi miihendislik 6zelliklerine sahip olan
Paragrid 100 malzemesi icin bulundugu goriilmiistiir. Siyrilma stabilitesi
icin ¢; parametresi, icsel kayma stabilitesi icin cy4 parametresi ve kopma
stabilitesi icin R, parametresi etkili olmaktadir. Bu durum; secilen donatilar
icerisinde bu parametrelerin daha yiiksek oldugu donati1 olan Paragrid 100
donatist icin elde edilen coziimlerde giivenlik sayilarinin en yiliksek

cikmasindan da anlasilmaktadir.

Dinamik analizlerde genel olarak analiz sonug¢larindan elde edilen giivenlik
sayilar, statik analizler icin elde edilenlere gore daha diisiik kalmistir.
Dinamik analizlere baslarken bu nedenle daha yiiksek tutulan L/H
degerinin yanisira, donati diisey araliginin da statik analizler icin secilenler
ile birlikte ve ilave olarak daha kiiciik (s,=0.25 m) alinmas: ile
gerceklestirilen analizlerde ise, gerek L/H oraninin daha yiiksek gerekse

s,/nin daha diisiik olmas1 sebebiyle, kopma stabilitesi icin gerceklestirilen

103



analizlerde biraz daha yiiksek giivenlik sayilar1 elde edilmistir. Buradan
hareketle, donat1 diisey araliginin kopma stabilitesi {izerinde son derece
etkili oldugu anlasilmaktadir. Tasima gilicii tahkiklerinde ise, statik
analizlerden elde edilen giivenlik sayilari ile sismik analizlerden elde edilen
giivenlik sayilarinin oldukc¢a yakin olmasi, sismik analizlerde kullanilan
L/H oranimnin daha yiksek (1.0) secilmesinin bir sonucu olarak

diistintilmektedir.
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A

STATIK ANALIZ PROGRAM CIKTILARI

Tablo A.1 H=6 m, s,=0.4 m, L/H=0.8, Notex C PVA donatisi ve Gevsek Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability .. .
Resisting moment  Ms = 124625 kNm/m Eccentricity verification
Overturning moment Mg, = 160,92 kNm/m Max. eccentricity of nermal force & = 0,039
Maximum allowable eccentricity ez, = 0,430

Safety factor= 7,74 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpes =
Active horizontal force Hzpq =

341,20 kN/m
80,19 kN/m

Safety factor = 4,25 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 110,65 kPa
Bearing capacity of foundation seil Ry = 837,90 kPa

Safety factor= 802> 2,00
Bearing capacity of foundation seil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R = 32,96 kMN/m

Force in reinforcement F, = 9,89 kMN/m

Safety factor = 3,33 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.15)
Pull out resistance Tp = 8,09 kMN/m

Force in reinforcement Fe = 0,82 kKMN/m

Safety factor = 9,89 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center & = (-37.4%-70,83) m
Radius r = 85,44 m
Angle o = 26,03 ©

oz = 34,00 ©

Slope stability check (Bishop)
FS=181=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Ceoefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Owerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hyes
Active horiz, force Hazct

Factor of safety = 2,47 > 1,50
S5lip along geotextile is SATISFACTORY

197,68 kMN/m
80,17 kM/m

50,00 =

489,13 kMN/m
0,70

197,68 kM/m
0,00 kMN/m
0,00 kMNSm
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Tablo A.2 H=6 m, s,=0.4 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 124625 kMNm/m

Overturning moment Mg, = 160,92 kNm/m Eccentric'rtyygrification
Max. eccentricity of normal force ¢ = 0,039

Safety factor = 7,74 > 2,00 Maxirnum allowable eccentricity egy, = 0,430

Wall for overturning is SATISFACTORY Eccentricity of the normal force is SATISFACTORY

Check for slip Verification of bearing capacity

Resisting horizontal force Heee = 341,20 kM/m Max. stress at footing bottom o = 110,65 kPa

Active horizontal force st = 80,19 kN/m Bearing capacity of foundation scil Ry = 887,90 kPa
Safety factor = 8,02 = 2,00

Safety factor = 4,25 > 1,50 Bearing capacity of foundation soil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R: = 66,26 kMN/m Slip surface parameters

Force in reinforcement F, = 9,89 kN/m (slip surface after optimization)

Safety factor = 6,70 > 1,50 Center 5 = (-0,67:-13,43) m

Reinforcement for tensile strength is SATISFACTORY Radius r = 1945 m
Angle @y = 197 °

Check for pull out resistance (reinforcement No.15) o = 46,25 *©

Pull n:ngt re.slstance Tp = 1041 kN/m Slope stability check (Bishop)

Force in reinforcement By = 0,82 kN/m FS=217= 130

Safety factor = 1272 = 1,30 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00
Ovwerall normal force acting on reinforcement = 435813 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 225,92 kN/m
Wall resistance = 0,00 kMN/m
Ovwerall bearing capacity of reinforcements = 0,00 kMSm

Check for slip:
Resisting honizontal force Hyes
Bctive horiz. force Hzet

Factor of safety = 2,82 = 1,50
S5lip along geotextile is SATISFACTORY

225,92 kMN/m
80,17 kM/m
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Tablo A.3 H=6 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatis1 ve Orta Sik1 Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability

Resisting moment Mz = 131627 kMm/m Eccentricity verification
Cwerturning moment Mg, = 137,34 kNm/m Max, eccentricity of normal force € = 0,027
Maximum allowable eccentricity egy = 0,430
Safety factor = 9,59 » 2,00 Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY
. Verification of bearing capacity
Check for slip .
Resisting horizontal force Hree = 351,57 kMN/m Maxf stress at fDDtlng bntmm _oE 11426 kPa
Active horizontal force  Ha = 6844 kN/m Bearing capacity of foundation soil Ry = 88860 kPa
Safety factor= 778 » 200
Safety factor = 5,14 = 1,50 Bearing capacity of foundation soil is SATISFACTORY
Wall for slip is SATISFACTORY
KOPMA VE SIYRILMA TOPTAN GOCME
Check for tensile strength (reinforcement No.2)
Tensicn strength F: = 26,38 kN/m Slip surface parameters
Force in reinforcement F = 8,45 kN/m (slip surface after optimization)
Safety factor = 3,18 > 1,30 Center 5 = (-22,08,-3547) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 46,94 m
Angle oq = 28,07 =
Check for pull out resistance (reinforcement No.15) oz = 40,92 *
Pull out resistance Tp = 10,75 kN/m Slope stability check (Bishop)
Force in reinforcement Fy, = 0,70 kMN/m FS=1,84=130
Safety factor = 1540 = 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 ®
COvwerall normal force acting on reinforcement = 518,22 kMN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along geo-reinforcerment = 217,72 kM/m
Wall resistance = 000 kM/m
COverall bearing capacity of reinforcements = 000 kM/m
Check for slip:

Resisting horizontal force Hiee = 217,72 kN/m

Active horiz, force Hat = 68,42 kN/m

Factor of safety = 3,18 = 1,50
Slip along geotextile is SATISFACTORY
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Tablo A.4 H=6 m, s,=0.4 m, L/H=0.8, Notex C PVA donatis1 ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 1316,87 kMNm/m Eccentricity verification
Owerturning moment Mgy, = 137,34 kNm/m Max, eccentricity of normal force ¢ = 0,027

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 351,57 KN/
Active horizontal force Haet f8.44 kMN/m

Safety factor = 5,14 = 1,50
Wall for clip is SATISFACTORY

Mazximum allowable eccentricity egy = 0,430
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz, stress at footing bottom g = 11426 kPa
Bearing capacity of foundation seil Ry = 883,60 kPa

Safety factor = 7,78 = 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R = 32,96 kMN/m

Force in reinforcement F; = 8,45 kN/m

Safety factor = 3,90 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull cut resistance (reinforcement No.15)
Pull out reszistance Tp = 12,35 kMN/m

Force in reinforcement F = 0,70 kM/m

Safety factor = 17,96 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-13,16:-27.90] m
Radius r = 3IT09 m
Angle s = 2413 -~

oz = 41,22 ¢

Slope stability check (Bishop)
F5=199=> 130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Overall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance aleng geo-reinforcement
Wall resistance
Cwverall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hee = 234,00 kN/m
Active horiz, force Hart = 6842 kN/m

Factor of safety = 3,71 » 1,30
Slip along geotextile is SATISFACTORY

G000 =

51822 kMN/m
0,70

254,00 kM/m
0,00 kM/m
0,00 kMN/Sm
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Tablo A.5 H=6 m, s,=0.4 m, L/H=0.8, Paragrid donatis1 ve Orta Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mgz = 131687 kMm/m Eccentricity verification
Crerturning moment Mg,y = 137,34 kMm/m Mazx. eccentricity of normal force e = 0,027
Maximum allowable eccentricity eg = 0,430

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hres
Active horizontal force Hart

351,57 kN/m
68,44 kMN/m

Safety factor = 5,14 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Mazx. stress at footing bottom g = 114,26 kPa
Bearing capacity of foundation soil Ry = 838,60 kPa

Safety factor= 7,78 » 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R = 66,26 kMN/m

Force in reinforcement F, = 845 kN/m

Safety factor = 7,85 > 1,30

Reinforcermnent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.15)
Pull out resistance T = 16,13 kM/m

Force in reinforcement F, = 0,70 kMN/m

Safety factor = 23,10 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-0,7%-7.300 m
Radius r = 13,31 m
Angle oy = 340

gz = 55,..?4 =

Slope stability check (Bishop)
FS=2432> 130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Overall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Overall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpey =
Active horiz. force Hact =
Factor of safety = 4,24 = 1,50

Slip along geotextile is SATISFACTORY

200,29 kN/m
68,42 kN/m

90,00 °

518,22 kN/m
0,80

290,29 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.6 H=6 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mre: = 138318 kNm/m Eccentricity verification
Overturning moment Mg,y = 115,73 kNm/m Max. eccentricity of normal force ¢ = 0,018
Maximum allowable eccentricity ez, = 0,450

Safety factor = 11,95 > 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyez = 360,03 kMN/m
Active horizontal force sct = 97,67 kM/m

Safety factor = 6,24 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Max. stress at footing bottom o = 118,19 kPa
Bearing capacity of foundation soil Ry = 889,20 kPa
Safety factor = 752 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tensicn strength R: = 26,88 kM/m

Force in reinforcement Fy, = 711 kMN/m

Safety factor= 3,78 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 87,43 kN/m

Farce in reinforcement F, = 3,680 kMN/m

Safety factor = 24,29 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-23,78:-35,08) m
Radius r = 4738 m
Angle wq = 30,10 ©

oz = 42 27 ¢

Slope stability check (Bishop)
F5=202=> 1230
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Ovwerall normal force acting on reinforcement
Ceoefficient of reduction of slip along geo-textile
Resistance along gec-reinforcement

Wall resistance

Overall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hres
Active horiz. force Hazrt
Factor of safety = 477 = 1,50
Slip along geotextile is SATISFACTORY

275,09 kMN/m
57,65 kMN/m

90,00

546,40 kM/rm
0,60

275,08 kMN/m
0,00 kM/m
0,00 kM/m

113




Tablo A.7 H=6 m, s,=0.4 m, L/H=0.8, Notex C PVA donatis1 ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 138318 kMNm/m
Overturning moment Mgy, = 115,73 kNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyes =
Active horizontal force Haet

360,03 kMN/m
5767 KM/m

Safety factor = 6,24 > 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max, eccentricity of normal force & = 0,018
Maxirmum allowable eccentricity eg, = 0,430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz. stress at footing bottom g = 1819 kPa
Bearing capacity of foundation soil Ry = 289,20 kPa

Safety factor = 7,52 » 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tensicn strength R 32,96 kM/m

Force in reinforcement Fy 711 kMSm

Safety factor = 4,63 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 102,00 kMN/m

Farce in reinforcement F, = 3,60 kMN/m

Safety factor = 28,34 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optirmization)

Center 5 = (-1403:-23,93) m
Radius r = 3301 m
Angle oy = 25153 *©

oz = 43534 *

Slope stability check (Bishop)
F5=218= 1,30
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of ship surface

COrwerall normal force acting on reinforcernent
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Crverall bearing capacity of reinforcernents

Check for slip:

Resisting horizontal force Hyes
Active horiz, force Hzet
Factor of safety = 5,57 = 1,50
Slip along geotextile is SATISFACTORY

320,94 kM/m
57,65 kKMN/m

90,00 *

546,40 kN/m
0,70

320,94 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.8 H=6 m, s,=0.4 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 138318 kMm/m Eccentricity verification
: " - .
Overturning moment Moy = 115,73 kNm/m Max. eccentricity of normal force e = 0,013

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 360,03 kN/m
Active horizontal force szt = 20,07 kN/m

Safety factor = 6,24 = 1,50
Wall for clip is SATISFACTORY

Maximum allowable eccentricity ez, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Max. stress at footing bottom o = 11819 kPa
Bearing capacity of foundation soil Ry = 889,20 kPa
Safety factor = 7,52 = 200

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tensicn strength Rt = 66,26 kN/m

Force in reinforcement Fy, = 7,11 kMN/m

Safety factor = 9,32 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 131,14 kMN/m

Force in reinforcement F, = 3,60 kKN/m

Safety factor = 36,43 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after ocptimization)
Center 5 = (-2,32:-9.72) m

Radius r = 15,80 m
Angle o = g12 ®
oy = 5231 *

Slope stability check (Bishop)
F5=274>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Cwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Heee = 366,79 kMN/m
Active horiz. force Hzet = 57,85 kMN/m
Factor of safety = 6,36 = 1,50

Slip along geotextile is SATISFACTORY

90,00 *

546,40 kN/m
0,80

366,79 kN/m
0,00 kN/m
0,00 kN/m

115




Tablo A.9 H=8 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatisi ve Gevsek Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 293423 kKNm/m Eccentricity verificati
: , ccentricity verification
Overtumning moment Moy = 381,43 kNm/m Mazx. eccentricity of normal force & = 0,039

Safety factor = 7,74 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpez = 473,36 kN/m
Active horizontal force act = 142,69 kMN/m

Safety factor = 3,33 = 1,50
Wall for slip is SATISFACTORY

Maximum allowable eccentricity eg, = 0450
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz. stress at footing bottom g = 147,52 kPa
Bearing capacity of foundation soil Ry = 837,20 kPa

Safety factor= 6,08 » 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME
Check for tensile strength (reinforcement No.2)
Tension strength Rt = 26,88 kMN/m Slip surface parameters

Forcein reinforcement F, = 13,42 kMN/m

Safety factor = 2,00 = 1,50
Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.20)

Pull out resistance Tp = 831 kN/m
Forcein reinforcement F, = 0,80 kMN/m

Safety factor = 11,07 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

(slip surface after optimization)

Center 5 = (-128,253:-18203) m
Radius r = 22921 m
Angle @y = 3402

oz = 3T42 ¢

Slope stability check (Bishop)
F5=152=1.30
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpes
Lctive horiz. force Hzct
Factor of safety = 2,11 = 1,50
Slip along geotextile is SATISFACTORY

301,37 kNS
142,65 kN

50,00 °

369,99 kM/m
0,60

301,37 kM/m
0,00 kM/rm
0,00 kM/m

116




Tablo A.10 H=8 m, s,=0.4 m, L/H=0.8, Notex C PVA donatisi ve Gevsek Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability

Resisting moment Mz = 2934,23 kNm/m Eccentricity verification
Overturning moment Mgy, = 381,43 kNm/m Max. eccentricity of normal force ¢ = 0,039
Maxirmum allowable eccentricity ez = 0,450
safety factor = 7,74 > 2,00 ) Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY
. Verification of bearing capacity
Check for slip Max, stress at footing bottom o = 14752 kPa

Resisting horizontal force Hpe:
Active horizontal force Haeg

475,36 kN/m

142 69 KN/m Bearing capacity of foundation soil Ry = 397,20 kPa

Safety factor = 6,08 = 2,00
Safety factor = 3,33 > 1,50 Bearing capacity of foundation soil is SATISFACTORY
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Re = 3296 kN/m Slip surface parameters

Force in reinforcement Fy = 13,42 kN/m (slip surface after optimization)
Safety factor = 2,46 » 1,50 Center 5 = (-12,87:-23,868) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 31 m
Angle @ = 2203 *
Check for pull cut resistance (reinforcement No.20) g = 45,94 *©
Pull out resistance Tp = 10,40 kMN/m Slope stability check (Bishop)
Force in reinforcement F, = 0,80 kM/m FS=1,64> 130
Safety factor = 12,92 » 1,50 Slope stability is SATISFACTORY

Reinforcemnent for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall nermal force acting on reinforcement = 869,99 kMN/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along geo-reinforcernent = 351,60 kMN/m
Wall resistance = 000 kMN/m
Cheerall bearing capacity of reinforcements = 000 kMN/m
Check for slip:

Resisting horizontal force Hiee = 331,60 kKN/m

Active horiz, force Hzer = 14265 kN/m

Factor of safety = 2,46 = 1,50
Slip along geotextile is SATISFACTORY
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Tablo A.11 H=8 m, s,=0.4 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 293423 kMm/m

Overturning moment Mg, = 381,45 kNm/m Eccentricity verification

Max. eccentricity of normal force e 0,039
Maximum allowable eccentricity ea, = 0,430

Eccentricity of the normal force is SATISFACTORY

Safety factor = 7,74 = 2,00
Wall for overturning is SATISFACTORY

Verification of bearing capacity

Check for slip : 1A
Resisting horizontal force Hpee = 473,36 kN/m Eﬂea;;;tris; Zif;ng;nfifsst;gn <ol ;d : ;g?gé EE:
Active horizontal force sct = 142,69 kMN/m geap -

Safety factor = 6,08 > 2,00

Safety factor = 3,33 > 1,50 Bearing capacity of foundation soil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Fi = 66,26 kN/m Slip surface parameters
Forcein reinforcement Fy = 13,42 kM/m (slip surface after optimization)
Safety factor = 4,94 » 1,50 Cen.ter 5 = (-1,40-11,211 m
Reinforcement for tensile strength is SATISFACTORY Radius r = 15,24 m
Angle o = 417 =
Check for pull out resistance (reinforcement No.20) o2 = 34,36 *
Pull cut resistance Tp = 13,37 kN/m Slope stability check (Bishop)
Forcein reinforcement B, = 0,80 kN/m F5=2,0d4 =130
Safety factor = 16,61 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00
Owerall normal force acting on reinforcement = 869,99 kM/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geco-reinforcement = 401,83 kMN/m
Wall resistance = 0,00 kMSm
Owerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:
Resisting horizontal force Hre:
Active horiz. force Hact

Factor of safety = 2,82 = 1,50
Slip along geotextile is SATISFACTORY

401,83 kMSm
142,65 kM/m
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Tablo A.12 H=8 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatis1 ve Orta Sik1 Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mre: = 3121,68 kMm/m

) Eccentricity verification
Overturning moment Mg, = 325,36 kMNm/m

Max. eccentricity of normal force e = 0,027
Mazximum allowable eccentricity eg, = 0450

Safety factor = 9,359 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max, stress at footing bottom g = 13234 kPa
Bearing capacity of foundation soil Rg = 898,20 kPa
Safety factor= 5,90 » 2,00

Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 490,40 kN/m
Active horizontal force Hzee = 121,78 kKN/m

Safety factor = 4,03 = 1,50
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Ry = 26,88 kMN/m Slip surface parameters
Force in reinforcement Fy = 11,46 kMN/m (slip surface after optimization)
Safety factor = 2,35 > 1,50 Center 5 = (-26,18:-353,29) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 30,50 m
Angle g = 3,20 °
Check for pull out resistance (reinforcement No.20) oz = 4567 °
Pull out resistance Tp = 13,95 kN/m Slope stability check (Bishop)
Faorce in reinfarcement F, = 0,69 kN/m F&=168=1,30
Safety factor = 20,30 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of shp surface = 90,00 *©
Owerall normal force acting on reinfoercement = 921,72 kMN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along geo-reinforcement = 387,24 kN/m
Wall resistance = 0,00 kM/Sm
Cheerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:
Resisting horizontal force Hyes
Active horiz. force Haet

Factor of safety = 3,18 = 1,30
Slip along geotextile is SATISFACTORY

387,24 kM/m
121,75 kMN/m
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Tablo A.13 H=8 m, s,=0.4 m, L/H=0.8, Notex C PVA donatisi ve Orta Siki Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 3121,68 kMNm/m

Overturning moment Mgy, = 325,36 kNm/m Eccentricity verification

Max. eccentricity of normal force e = 0,027

Maxirnum allowable eccentricity ez, = 0,430
Safety factor = 9,59 = 200

Wall for overturning is SATISFACTORY Eccentricity of the normal force is SATISFACTORY
. Verification of bearing capacity
Check for slip )
Resisting horizontal force Heee = 490,40 kMN/m Eﬂax: stress atfoot;nfg hn’;totm i a f ;3;*33 EEE
Active horizontal force . Hze = 121,78 KMN/m earing capacity of foundation soil Ry = 298, ?
Safety factor = 3,90 = 2,00
Safety factor = 4,03 > 1,50 Bearing capacity of foundation seil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R: = 32,96 kN/m Slip surface parameters
Force in reinforcement Fy = 11,46 kN/m (slip surface after ':'F't|m|12t|':'ﬂ:|
Safety factor = 2,88 > 1,50 center 5 = (0843 T m
Reinforcement for tensile strength is SATISFACTORY i ‘17 =

Angle oq = 271
Check for pull out resistance (reinforcement No.20) oz = .21
Pull out resistance Tp = 16,27 kN/m Slope stability check (Bishop)
Force in reinforcement F, = 0,69 kMN/m F5=181=130

Safety factor = 23,69 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall normal force acting on reinforcement = 921,72 kMN/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along geo-reinforcement = 451,78 kMN/m
‘Wall resistance = 0,00 kMNSm
Owerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:

Resisting horizontal force Hies
Active horiz. force Haet
Factor of safety = 3,71 = 1,50
Slip along geotextile is SATISFACTORY

451,78 kMSm
121,75 kM/m
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Tablo A.14 H=8 m, s,=0.4 m, L/H=0.8, Paragrid donatis1 ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 3121,68 kMNm/m Eccentricity verificat
: ; ccentricity verification
Overturning moment Moy = 325,56 kNm/m Max. eccentricity of normal force ¢ = 0,027

Safety factor = 9,59 = 200
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 49040 kN/m
Active horizontal force Hze = 121,78 kKMN/m

Safety factor = 4,03 = 1,50
Wall for slip is SATISFACTORY

Mazximurn allowable eccentricity ean, = 0450
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom g = 152,34 kPa
Bearing capacity of foundation soil Ry = 298,20 kPa

Safety factor = 5,90 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength B: = 60,26 kMN/m

Force in reinforcement By = 11,40 kMN/m

Safety factor= 5,78 > 1,30

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.20)
Pull out resistance Tp = 20,92 kN/m

Force in reinforcement Fy, = 0,69 kN/m

Safety factor = 30,45 = 1,50

Reinforcernent for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-2,33:-10,685) m
Radius r = 1878 m
Angle o = [AER

o7 = 3545 ©

Slope stability check (Bishop)
F5=231=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclinaticn of slip surface

Ovwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Fesistance along geo-reinforcement

Wall resistance

Ovwverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpe:
Actrve honz. force Hazct
Factor of safety = 4,24 = 1,50
Slip along geotextile is SATISFACTORY

516,32 kM/m
121,75 kMN/m

90,00

921,72 kM/m
0,30

516,32 kM/m
0,00 kM
0,00 kM
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Tablo A.15 H=8 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatis1 ve Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Me: = 327893 kMNm/m Eccentricity verification
Overturning moment Mgy = 274,31 kNm/m Max, eccentricity of normal force e = 0,018

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heer =
Active horizontal force  Hzer =

502,85 kM/m
102,61 kM/m

Safety factor = 4,90 = 1,50
Wall for slip is SATISFACTORY

Maximum allowable eccentricity ez, = 0,430
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 15759 kPa
Bearing capacity of foundation seil Ry = 89890 kPa

Safety factor= 5,70 > 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 26,88 kMN/m

Force in reinforcement F = 985 kMN/m

Safety factor = 2,78 » 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 13543 kN/m
Force in reinforcement F, = 4,82 kN/m

Safety factor = 32,24 = 1,50
Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center § = (-39,22:-79.63) m
Radius r = 105,68 m
Angle oy = 3408 ©

oz = 411 =

Slope stability check (Bishop)
F5=124=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COwverall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

COwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hree
Active horiz. force Hazct
Factor of safety = 4,77 » 1,50
Slip along geotextile is SATISFACTORY

489,29 kN/m
102,59 kN/m

90,00 *

971,35 kN/m
0,60

489,29 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.16 H=8 m, s,=0.4 m, L/H=0.8, Notex C PVA donatis1 ve Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 327893 kMm/m
Owerturning moment Mgy = 274,31 kMNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpee = 302,83 kMN/m
Active horizontal force act = 102,61 kMN/m

Safety factor = 4,90 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Mazx, eccentricity of normal force ¢ = 0,013
Mazximum allowable eccentricity ez, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz, stress at footing bottom g = 157,59 kPa
Bearing capacity of foundation seil Ry = 888,90 kPa

Safety factor = 5,70 = 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 3296 kM/m

Forcein reinforcement F, = 963 kM/m

Safety factor = 3,42 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 181,33 kN/m

Farce in reinforcement F, = 4,82 kN/m

Safety factor = 37,61 > 1,30

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-130,61:-171,58) m
Radius r = 22197 m
Angle s = 36,04

oz = 3538 *©

Slope stability check (Bishop)
F5=199>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Owverall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hies
Active horiz, force Hzct

Factor of safety = 5,56 > 1,30
5lip along geotextile is SATISFACTORY

570,84 kN/m
102,59 kN/m

90,00 *

971,85 kN/m
0,70

570,24 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.17 H=8 m, s,=0.4 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 3278,93 EMm/m Eccentricity verification

Owverturning moment Mgy = 274,31 kNm/m
Safety factor = 11,85 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyee =
Active horizental force Hzep =

502,85 kM/rn
102,67 kM/rn

Safety factor = 4,90 = 1,50
Wall for slip is SATISFACTORY

Max. eccentricity of nermal force & = 0,018
Maximum allowable eccentricity eqn, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 157,59 kPa
Bearing capacity of foundation soil Ry = 898,90 kPa

Safety factor = 5,70 = 2,00
Bearing capacity of feundation seil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kMN/m

Force in reinforcement F, = 963 kMN/m

Safety factor = 6,87 > 1,50

Reinforcernent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 233,14 kN/m

Force in reinforcement By, = 4,82 kN/m

Safety factor = 48,36 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center & = (-20,5%-40,33) m
Radius r = 32,606 m
Angle o = 23,02 ©

Uz = 3968 ©

Slope stability check (Bishop)
F&=238> 130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of slip surface

Crwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Crwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hyes
Active horiz. force Hzct

Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

652,39 kMN/m
102,59 kM/m

90,00 =

971,85 kN/m
0,20

632,39 kN/m
0,00 kM/m
0,00 kMN/m
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Tablo A.18 H=10 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatisi ve Gevsek Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mree = 3770,14 kMm/m Eccentricity verification

Owverturning moment Mgy, = 745,02 kNm/m Max. eccentricity of normal force e = 0,039
Maxirmum allowable eccentricity ez, = 0,430
safety factor = 7,74 > 2,00 ) Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY

. Verification of bearing capacity

Check for slip .

Resisting horizental force Heee = 819,72 kKMN/m Maxj stress atfnntlng hnttom o= 18440 kPa
Active horizontal force  Hao = 223,06 kN/m Bearing capacity of foundation soil Ry = 906,50 kPa

Safety factor= 492 » 2,00
Safety factor = 2,78 » 1,30 Bearing capacity of foundation soil is SATISFACTORY
Wall for slip is SATISFACTORY
KOPMA VE SIYRILMA TOPTAN GC)(;ME

Check for tensile strength (reinforcement No.2)

Tension strength Ri = 26,82 kN/m Slip surface parameters

Force in reinforcement Fy = 17,17 kN/m (slip surface after optimization)

Safety factor= 1,57 = 1,50 Center 5 = (-69,86;-89,52} m

Reinforcement for tensile strength is SATISFACTORY Radius r = 121,49 m
Angle oy = 3310 °

Check for pull out resistance (reinforcement No.25) oz = 4254 =

Pull out resistance Tp = 10,89 kh/m Slope stability check (Bishop)

Force in reinforcement Fy = 0,80 kN/m FS=141> 130

Safety factor = 13,53 » 1,50 Slope stability is SATISFACTORY

Reinforcernent for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00
Owverall normal force acting on reinforcement = 1359,76 kMN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along geo-reinforcement = 471,04 kM/m
Wall resistance = 0,00 kM m
Overall bearing capacity of reinforcements = 0,00 kM/m
Check for slip:

Resisting horizontal force Heee = 471,04 kMN/m

Active horiz, force Hzer = 223,02 kM/m

Factor of safety = 2,11 = 1,50
Slip along geotextile is SATISFACTORY
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Tablo A.19 H=10 m, s,=0.4 m, L/H=0.8, Notex C PVA donatisi ve Gevsek Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 3770,14 kNm/m E .. it
Owverturning moment Mg, = 745,02 kNm/m cce“t"“'-]’}‘?" ication
Max. eccentricity of normal force & = 0,039

Safety factor = 7,74 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpe; = 819,72 kN/m
Active horizontal force Hzpe = 223,00 kMN/m

Safety factor = 2,78 > 1,50
Wall for slip is SATISFACTORY

Maximum allowable eccentricity ez, = 0430
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Max. stress at footing bottom g = 13440 kPa
Bearing capacity of foundation soil Ry = 906,50 kPa
Safety factor= 4,92 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 32,96 kMN/m

Force in reinforcement By = 17,17 kN/m

Safety factor = 1,92 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Tp = 1270 kN/m

Force in reinforcement B, = 080 kN/m

Safety factor = 15,78 » 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-45,11:-68.20) m
Radius r = 90,19 m
Angle ay = 30,01 *

o7 = anay =

Slope stability check (Bishop)
F5=132=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Owerall normal force acting on reinforcement

Ceoefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Owverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hees
Active honz. force Hazct
Factor of safety = 2,46 = 1,30
Slip along geotextile is SATISFACTORY

549,54 kMM
223,02 kM/m

90,00 =
1359, 76 kMN/m
0,70
549,54 kM/m
0,00 kM/m
0,00 kMNSm
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Tablo A.20 H=10 m, s,=0.4 m, L/H=0.8, Paragrid donatisi ve Gevsek Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mre: = 3770,14 kMNm/m

Owerturning moment Mg, = 743,02 kNm/m Eccentricity verification

Max, eccentricity of normal force & = 0,039
Maxirurm allowable eccentricity eqy, = 0,430

Safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

. Verification of bearing capacity
Ehgc: fOLSI'F tal § Ho. = 61972 KN/ Max, stress at footing bottom o = 18440 kPa
EsIsHiNg NONZeNtal Toree Fres = 0157 m Bearing capacity of foundation sail Rg = 906,50 kPa

Active horizontal force  Hzee = 223,00 kKN/m

Safety factor = 4,92 » 200

Safety factor = 2,78 > 1,50 Bearing capacity of foundation soil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength F: = 66,26 kN/m Slip surface parameters
Forcein reinforcement Fy = 17,17 kN/m (slip surface after optimization]
Safety factor = 3,86 > 1,50 Center 5 = (-3,1&-1534) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 23,32 m
Angle @ = (AR
Check for pull out resistance (reinforcement No.25) o2 = 33,05 °
Pull out resistance Tp = 16,33 kN/m Slope stability check (Bishop)
Force in reinforcement Fy = 0,80 kMN/m F& = 1,95} .1,3!3 .
Safety factor = 20,20 > 1,50 Slope stability is SATISFACTORY

Reinfoercement for pull cut resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Crerall nermal force acting on reinforcement = 135976 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 628,05 kMN/m
Wall resistance = 0,00 kMSm
Cheerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:
Resisting horizontal force Hpes
Active horiz. force Hact

Factor of safety = 2,82 = 1,50
Slip along geotextile is SATISFACTORY

628,05 kM
223,02 kMN/m
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Tablo A.21 H=10 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatis1 ve Orta Siki

Kum dolgu zemini icin Statik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mgz = 805728 EMNm/m Eccentricity verification
Overturning moment Mgy = 635,86 kNm/m Max. eccentricity of normal force & = 0,027

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 840,04 kMN/m
Active horizontal force Hzpe = 190,38 kN/m

Safety factor = 3,36 = 1,50
Wall for slip is SATISFACTORY

Mazxirnum allowable eccentricity g, = 0,430
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz. stress at footing bottom g = 19042 kPa
Bearing capacity of foundation soil Ry = 907,70 kPa

Safety factor= 477> 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R: = 26,88 kMN/m

Force in reinforcement Fy = 14,05 kMN/m

Safety factor = 1,83 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Tp = 17,14 kN/m

Force in reinforcement F, = 0,69 kN/m
Safety factor = 24,95 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-69,86;-85,52) m
Radius r = 121,49 m
Angle oy = 3510 °

gz = 42,54 =

Slope stability check (Bishop)
FS=155>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Overall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Heee = 605,23 KMN/m
Lctive horiz. force Hzer = 190,34 kMN/mM

Factor of safety = 3,18 = 1,50
Slip along geotextile is SATISFACTORY

90,00 ©

1440,61 kMN/m
0,60

605,23 kM/m
0,00 kM/rm
0,00 kM/rm
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Tablo A.22 H=10 m, s,=0.4 m, L/H=0.8, Notex C PVA donatis1 ve Orta Siki

Kum dolgu zemini icin Statik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mie: = 6809728 kNm/m . o
Overturning moment Mg, = 835,86 kNm/m Eccentrlcrl:jrf.-'grlflcatlon
Mazx. eccentricity of nermal force € = 0,027
Maximum allowable eccentricity eg, = 0,450

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hie =
Active horizontal force

640,04 kM/m
190,38 kM/m

act

Safety factor = 3,36 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 19042 kPa
Bearing capacity of foundation soil Ry = 907,70 kPa

Safety factor = 4,77 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 32,96 kMN/m

Force in reinforcement F, = 14685 kMN/m

Safety factor = 2,25 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Tp = 20,00 kM/rm

Force in reinforcement F, = 0,69 kMN/m

Safety factor = 29,11 = 1,50
Reinforcement for pull cut resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-228,6%9-293,31) m
Radius r = 3ITTT m
Angle @y = 3703 *©

oz = 39,44 =

Slope stability check [Bishop)
FS=163=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
COwerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance aloeng geo-reinforcement
Wall resistance
COwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpez =
Active horiz. force Hzrt =
Factor of safety = 3,71 > 1,30

Slip along geotextile is SATISFACTORY

706,11 kM/m
190,34 kM/m

90,00 *

1440,61 kMN/m
0,70

706,11 kM/m
0,00 kM/m
0,00 kM/m
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Tablo A.23 H=10 m, s,=0.4 m, L/H=0.8, Paragrid donatisi ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 609728 kMNm/m
Overturning moment Mg,y = 635,86 kNm/m

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 640,04 kMN/m
Active horizontal force  Hzee = 190,38 KN/m

Safety factor = 3,36 = 1,30
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e = 0,027
Maximum allowable eccentricity e, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 190,42 kPa
Bearing capacity of foundation soil Ry = 907,70 kPa

Safety factor = 4,77 = 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tensien strength Ry = 66,26 kMN/m

Force in reinforcement F; = 14,63 kMN/m

Safety factor = 4,32 = 1,30

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Te = 23,71 kN/m

Forcein reinforcement B, = 0,69 kMN/m

Safety factor = 37,43 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-818:-2250) m
Radius r = 3347 m
Angle @y = 1415 *©

o7 = 4776 *©

Slope stability check (Bishop)
Fs=218>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
COwverall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hees
Active horiz. force Hzet
Factor of safety = 4,24 = 1,50
Slip along geotextile is SATISFACTORY

306,93 kMN/m
190,34 kM/m

90,00 *

1440,61 kMN/m
0,30

306,98 kM/m
0,00 kM/m
0,00 kM/m
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Tablo A.24 H=10 m, s,=0.4 m, L/H=0.8, Geoter F PVA donatis1 ve Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
gey::mg.mument ; mm; i Egggiz tmm_arm Eccentricity verification
verturming mement Mawr = S KEmAm Max. eccentricity of normal force e = 0,018
Maximum allowable eccentricity egy = 0450

Safety factor = 11,95 > 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hees =
Active horizontal force

657,08 kMN/m
160,41 kMN/m

aCt

Safety factor = 4,10 > 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Mazx, stress at footing bottom g = 19699 kPa
Bearing capacity of foundation seil Ry = 208,60 kPa

Safety factor = 4,61 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 26,88 kMN/m

Forcein reinforcement Fe = 12,34 kMN/m

Safety factor= 2,18 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 24283 kMN/m

Forcein reinforcement Fe = 6,04 kMN/m

Safety factor = 40,19 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-22444:-253739) m
Radius r = 3303 m
Angle wy = 40,02 *©

oz = 42 49 =

Slope stability check (Bishop)
F5=160>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of shp surface

COwerall normal force acting on reinforcernent
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Cwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hies
Active horiz. force Hazet

Factor of safety = 4,77 = 1,30
Slip along geotextile is SATISFACTORY

764,74 kN/m
160,38 kN/m

90,00 *

1518,96 kN/m
0,60

764,74 kN/m
0,00 kN/m
0,00 kN/m

131




Tablo A.25 H=10 m, s,=0.4 m, L/H=0.8, Notex C PVA donatisi ve Sik1 Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
EJEEF'::'”EI_M':"'”E”'E . mfe; f 5;2;22 ::Em’rm Eccentricity verification
veriurning moment Mow = M Max. eccentricity of normal force e = 0,018

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hee: =
Active horizontal force  Hzg =

657,08 kM/m
160,41 kM/m

Safety factor = 4,10 = 1,50
Wall for slip is SATISFACTORY

Maximum allowable eccentricity ez, = 0,450
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bettom o = 19699 kPa
Bearing capacity of foundation soil Ry = 908,60 kPa

Safety factor = 4,61 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 32,96 kMN/m

Force in reinforcement Fyy = 12,34 kN/m

Safety factor = 2,67 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 283,33 kh/m

Force in reinforcement F, = 6,04 kMN/m

Safety factor = 46,89 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-80,52:-72,93) m
Radius r = 10249 m
Angle ay = 36,19 *©

oz = 44 64 *

Slope stability check (Bishop)
F5=1286=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Ovwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpes
Active horiz. force Hazet
Factor of safety = 5,56 > 1,30
Slip along geotextile is SATISFACTORY

892,19 kM/m
180,38 kMN/m

90,00 *
1518,96 kM/m
0,70
892,19 kMN/m
0,00 kMSm
0,00 kMSm
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Tablo A.26 H=10 m, s,=0.4 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 640449 kNm/m
Overturning moment Mgy, = 33577 kNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hee: =
Active horizontal force  Hzq =

657,08 kM/m
16041 kM/m

Safety factor = 4,10 = 1,50
Wall for =lip is SATISFACTORY

Eccentricity verification
Max, eccentricity of normal force e = 0,013
Maximurn allowable eccentricity ez, = 0450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom g = 196,99 kPa
Bearing capacity of foundation soil Ry = 903,60 kPa

Safety factor = 4,61 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ri = 60,26 kMN/m

Force in reinforcement Fy, = 12,34 kN/m

Safety factor = 5,37 = 1,50

Reinforcernent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 364,28 kN/m

Forcein reinforcement Fe = 6,04 kN/m

Safety factor = 60,29 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-16,84-33,37) m
Radius r = 46,65 m
Angle g = 21,16 ©

oz = 434948 *©

Slope stability check (Bishop)
F5=240=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Ceoefficient of reduction of slip along geo-textile
Resistance along geo-reinforcerment

Wall resistance

Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpes
Active horiz. force |
Factor of safety = 6,36 > 1,50
Slip along geotextile is SATISFACTORY

1019,65 kMN/m
160,38 kMN/m

90,00

1518,96 kMN/m
0,20

1019,65 kM/m
0,00 kM/rm
0,00 kM/rm
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Tablo A.27 H=6 m, s,=0.4 m, L/H=0.7, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 96949 kNm/m

Owerturning moment Mgy, = 160,92 kNm/m Eccentricity verification

Max. eccentricity of normal force e
Maximum allowable eccentricity ey

0,055
0,430

Eccentricity of the normal force is SATISFACTORY

Safety factor = 6,02 = 2,00
Wall for overturning is SATISFACTORY

. Verification of bearing capacity
E:;:’:i:nf;}?nlrlignntalfurce Hree = 283,80 kN/m Max. stress at footing bottom o = 11560 kP
=T ’ ' Bearing capacity of foundation soil Ry = 333,60 kPa

Active horizontal force Hzee = 80,19 kN/m
Safety factor = 7,64 » 2,00

Safety factor = 3,61 > 1,50 Bearing capacity of foundation seil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Ry = 086,206 kN/m . . .

Force in reinforcement Fy = 989 kN/m Slope stah!lrtjr verification (Bishop)

Safety factor = 6,70 > 1,50 Sum of activeforces:  Fy= 247,05 kMN/m

Reinforcement for tensile strength is SATISFACTORY Sum of passiveforces: Fp= 432,33 kN/m
Sliding moment : Mz = 356985 kNm/m

Check for pull out resistance (reinforcement No.15) Resisting morment : Mg = 970,36 kNm/m

Pull out resistance Tp = 641 kM/m Factor of safety = 1,95 > 1,30

Force in reinforcement Fe = 0,82 kN/m Slope stability ACCEPT-—KBI:E

Safety factor = 7,84 > 1,50
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall normal force acting on reinforcement = 431,84 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 199,37 kMN/m
Wall resistance = 0,00 kMSm
Owerall bearing capacity of reinforcements = 0,00 kMSm

Check for slip:
Resisting horizontal force Hyes
Active horiz. force Hazct

Factor of safety = 2,49 = 1,50
S5lip along geotextile is SATISFACTORY

199,37 kM/m
280,17 kMN/m
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Tablo A.28 H=6 m, s,=0.4 m, L/H=0.7, Paragrid donatis1 ve Orta Siki Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mie: = 1023,73 kMm/m

Eccentricity verification
Owverturning moment Mg,y = 137,34 kNm/m

Max. eccentricity of normal force e = 0,039

Maximum allowable eccentricity ey, = 0,430
Safety factor = 7,45 = 2,00
Wall for overturning is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottom g = 1831 kPa
Bearing capacity of foundation soil Rg = 384,40 kPa

Safety factor = 7,48 » 2,00
Safety factor = 4,40 > 1,50 Bearing capacity of foundation soil is SATISFACTORY
Wall for slip is SATISFACTORY

Check for slip
Resisting horizontal force Hyee = 300,97 kMN/m
Active horizontal force Haee = 68,44 kMN/m

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kMN/m

Force in reinforcement By, = 8,44 kN/m Slope stability verification (Bishop)

Safety factor = 7,85 > 1,50 Sum of acti\.r.e forces:  Fa= 24746 kN/m

Reinforcement for tensile strength is SATISFACTORY sum of passive forces: Fp= 360,93 kN/m
Sliding moment : Mz = 2670,06 kMm/m

Check for pull out resistance (reinforcement No.15) Resisting moment : Mp = 605263 kNm/m

Pull out resistance Tp = 10,98 kNfm Factor of safety = 2,27 » 1,30

Force in reinforcement B, = 0,70 kN/m Slope stability ACCEPTABLE

Safety factor = 15,74 = 1,30
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of ship surface = 9000 ®
Owverall normal force acting on reinforcement = 457,13 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along gec-reinforcement = 256,07 kM/m
Wall resistance = 0,00 kM/m
Owerall bearing capacity of reinforcernents = 000 kMN/m

Check for slip:

Resisting horizontal force Higs
Active horiz. force Hzet
Factor of safety = 3,74 » 1,50
Slip along geotextile is SATISFACTORY

256,07 kMN/m
68,42 kMN/m
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Tablo A.29 H=6 m, s,=0.4 m, L/H=0.7, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mee = 107421 kMm/m Eccentricity verification
: - - ;
Overturning moment Moy = 113,73 kNm/m Max. eccentricity of normal force e = 0,027
Maximum allowable eccentricity ez, = 0,430

Safety factor = 9,28 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizental force Hie =
Active horizontal force

310,04 kM/m
5767 EM/m

at

Safety factor = 5,38 > 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 12148 kPa
Bearing capacity of foundation soil Ry = 285,00 kPa

Safety factor= 7,20 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Ry = 66,26 kN/m

Force in reinforcement F, = 7,11 kN/m

Safety factor = 9,32 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.15)

Slope stability verification (Bishop)

Sum of activeforces:  Fo= 208,16 kN/m
Sum of passive forces: Fp= 680,95 kN/m
Mz = 336455 kNm/m
Mg = 863682 kNm/m

Sliding moment :
Resisting roment :

Pulloqt re§istance Tp = 17,%4 kN.,/rm Factor of safety = 2,57 > 1,30
Force in reinforcement Fy = 0,59 kN/m Slope stability ACCEPTABLE
Safety factor = 29,31 > 1,50
Reinforcement for pull out resistance i1s SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Cwerall nermal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Chverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hees
Active horiz. force Hzct
Factor of safety = 5,61 = 1,50
Slip along geotextile is SATISFACTORY

323,37 kM/m
37,63 kM/m

90,00
481,72
0,80
323,37
0,00
0,00

kM/m

kM
kM
kN_.-'r‘n
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Tablo A.30 H=8 m, s,=0.4 m, L/H=0.7, Paragrid donatis1 ve Gevsek Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mre: = 229818 kMm/m
Overturning mement Mgy = 381,45 kNm/m

Safety factor = 6,02 » 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpes = 40444 kN/m
Active horizontal force  Hzpe = 14269 kMN/m

Safety factor= 2,83 » 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e =
Maximum allowable eccentricity ez =

0,055
0,233

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom o = 13420 kPa
Bearing capacity of foundation soil Ry = 891,40 kPa

Safety factor= 5,78 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kN/m
Force in reinforcement F, = 1342 kN/m
Safety factor = 4,94 > 1,50
TORY

Reinforcement for tensile strength is SATISFACTOR

Check for pull out resistance (reinforcement No.20)
Pull out resistance Tp = 8,05 kN/m

Force in reinforcement F, = 0,80 kN/m

Safety factor = 10,00 > 1,50

Reinforcement for pull out resistance

Sk s
is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fo= 426,03 kN/m
Sum of passive forces: Fp= 808,30 kN/m

T14,76 kMm/m
13501,89 kNm/m

Sliding moment: M
Resisting moment:  Mp=
Factor of safety = 1,90 = 1,30
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COwerall nermal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Orwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Lctive hariz. force Hazet
Factor of safety = 2,49 » 1,50
Slip along geotextile is SATISFACTORY

354 60 kN/m
142,65 kN/m

90,00 *
767.74 kN/m
0,80
354 60
0,00
0,00

kl"-]_.-'r‘n
kM m
kl"-]_.-’r‘n
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Tablo A.31 H=8 m, s,=0.4 m, L/H=0.7, Paragrid donatis1 ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Verification of complete wall
Check for owverturning stability . e
Resisting moment Mz = 2426,81 kKMNmM/m Eccent"c'tf verification
Owerturning moment Mgy = 325,56 kMNm/m Maz, eccentricity of normal force ¢ = 0,039

Safety factor = 7,45 > 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyes
Active horizontal force act

420,39 kNS
121,78 kN/m

Safety factor = 3,45 = 1,50
Wall for slip is SATISFACTORY

Cheerall check - WALL is SATISFACTORY

Mazxirnum allowable eccentricity ez, = 0,333
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Maz. stress at footing bottom o = 157,74 kPa
Bearing capacity of foundation soil Ry = 892,50 kPa
Safety factor = 5,66 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R: = 86,26 kM/m

Farce in reinforcement F,, = 11,46 kMN/m

Safety factor = 3,78 > 1,30

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.20)
Pull out resistance Tp = 1406 kM/m

Force in reinforcement Fy, = 0,69 kN/m

Safety factor = 20,47 > 1,50

Reinforcement for pull cut resistance is SATISFACTORY

COrwerall verification - reinforcement is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fy= 430,49 kN/m
Sum of passive forces: Fp= 98131 kN/m

Sliding mornent : Mz= 874639 kMNm/m
Resisting moment : Mg = 18801,96 kMNm/m
Factor of safety = 215> 1,30

Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Ovwverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hye: = 45545 kKN/m
121,75 kMN/m

Active horiz. force Hazet

Factor of safety = 3,74 = 1,50
Slip along geotextile is SATISFACTORY

90,00 =

812,07 kM/m
0,80

455,45 kM/m
0,00 kM
0,00 kM
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Tablo A.32 H=8 m, s,=0.4 m, L/H=0.7, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Verification of complete wall

Check for overturning stability
Resisting moment Mz = 2546,51 kMm/m
Owerturning moment Mg,y = 274,31 KMNm/m

Safety factor = 9,28 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting herizontal force Hres
Active honzontal force Hact

433,51 kM/m
102,67 kM/m

Safety factor = 4,22 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e = 0,027
Maximum allowable eccentricity g, = 0,333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o
Bearing capacity of foundation soil Ry
Safety factor= 552> 2,00

Bearing capacity of foundation soil is SATISFACTORY

161,97 kPa
893,40 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength By = 66,26 kMN/m

Forcein reinforcement F, = 965 kN/m

Safety factor = 6,87 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.20)
Full out resistance Tp = 2232 kN/m

Forcein reinforcement F, = 0,38 kM/m

Safety factor = 38,39 = 150

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 48439 kN/m
sum of passiveforces: Fp= 113353 kN/m

Sliding morment : Mz = 1061779 kNm/m
Resisting moment: Mg = 2333791 kNm/m
Factor of safety = 2,39 > 1,30
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Crverall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcemnent
Wall resistance
COwverall bearing capacity of reinforcements

Check for slip:

Resisting horizental force Hyes
Active horiz, force Hart
Factor of safety = 5,61 = 1,50
5lip along geotextile is SATISFACTORY

375,16 kM/m
102,59 kM/m

90,00 *

856,21 kN/m
0,80

575,16 kMN/m
0,00 kN/m
0,00 kMN/m

139




Tablo A.33 H=10 m, s,=0.4 m, L/H=0.7, Paragrid donatisi ve Gevsek Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for owverturning stability
Resisting moment Mree = 448880 kMm/m
Crverturning moment Mgy, = 745,02 kMNm/m

Safety factor = 6,03 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyee = 328,07 kMN/m
Active horizontal force Haee = 223,06 kKMN/m

Safety factor = 2,37 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Mazx. eccentricity of normal force e = 0,055
Maximurm allowable eccentricity ez, = 0,333

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 19274 kPa
Bearing capacity of foundation soil Ry = 399,30 kPa

Safety factor = 4,67 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,206 kMN/m

Force in reinforcement F, = 1717 kN/m

Safety factor = 3,86 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Tp = 968 kN/m

Force in reinforcement F, = 080 kN/m

Safety factor = 12,03 = 1,50

Reinforcerent for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 69240 kMN/m
Sum of passive forces: Fp= 123638 kMN/m

Sliding roment : Mz = 2094499 kMm,m
Resisting moment: Mg = 330053,72 kNm/m
Factor of safety = 1,81 > 1,30

Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hies
Active horiz. force Hact

Factor of safety = 2,49 = 1,50
Slip along geotextile is SATISFACTORY

354,23 kMNSm
223,02 kMSm

90,00 *

1199,94 kMN/m
0,80

554,23 kM
0,00 kMN/m
0,00 kM/m
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Tablo A.34 H=10 m, s,=0.4 m, L/H=0.7, Paragrid donatisi ve Orta Siki Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mrez = 4740,09 kMNm/m

] ) Eccentricity verification

Overturning moment Mgy = 635,86 kNm/m Max. eccentricity of normal force e = 0,039
Maximum allowable eccentricity ez, = 0,333

safety factor = 745 > 2,00 . Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

. Verification of bearing capacity
Check for slip ) May. stress at footing bottom g = 19717 kPa
Resisting horizontal force Hree = 348,34 kN/m Bearing capacity of foundation soil Ry = 900,60 kPa

Active horizontal force Hzee = 190,38 kN/m Safety factor = 457> 2,00

Bearing capacity of foundation seil is SATISFACTORY
Safety factor = 2,80 = 1,50

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kN/m

Forcein reinforcement F, = 1465 kN/m Slope ftah_“i'-'j" verification (Bishop) r

Safety factor = 4,52 > 1,50 Sum of actlxr.e forces: Fz=  TI1707 kN_arm

Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp = 1431,57 kN/m
Sliding moment : Mz = 21777532 ENm/m

Check for pull out resistance (reinforcement No.23) Resisting moment Mg = 4408417 kNm/m

Pull out resistance Tp = 17,14 kh/m Factor of safety = 2,02 > 1,30

Forcein reinforcement F, = 0,69 kN/m Slope stability ACCEPTABLE

Safety factor = 2493 > 1,50
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of ship surface = 90,00 *
Owerall normal force acting on reinforcement = 1270,79 kM/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 711,86 kN/m
Wall rezistance = 0,00 kM/m
Owerall bearing capacity of reinforcements = 0,00 kMN/m

Check for slip:
Resisting horizontal force Hyes
Active horiz. force Hzct

Factor of safety = 3,74 » 1,50
5lip along geotextile is SATISFACTORY

711,86 kMN/m
190,34 kM/m
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Tablo A.35 H=10 m, s,=0.4 m, L/H=0.7, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
- a7 ;
gem:mg.mnment : mm" _ 4;;’31 tmm_rm Eccentricity verification
verturming moment Mawr = W0 NmAm Max. eccentricity of normal force & = 0,027
Maxirnum allowable eccentricity ez, = 0,333

Safety factor = 9,28 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee =
Active horizontal force  Hzq =

567,03 kN/m
160,41 kMN/m

Safety factor = 3,53 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 20246 kPa
Bearing capacity of foundation soil Ry = 901,70 kPa

Safety factor = 445 = 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R: = 66,26 kM/m

Force in reinforcement Fy = 12,34 kN/m

Safety factor= 537> 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.25)
Pull out resistance Tp = 2741 kN/m

Forcein reinforcement By, = 0,58 kN/m

Safety factor=4738> 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 737,153 kM/m
Sum of passive forces: Fp = 1648,26 kMN/m

Sliding moment : Mz = 1991048 kMNm/m
Resisting moment:  Mp= 4434638 kNm/m
Factor of safety = 2,24 = 1,30
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Ovwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpes
Active horiz. force Hazet
Factor of safety = 3,61 = 1,50
Slip along geotextile is SATISFACTORY

898,95 kMN/m
160,38 kM/m

90,00 *
1338,16 kM/m
0,30
898,95 kM/m
0,00 kMN/m
0,00 kM/m
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Tablo A.36 H=6 m, s,=0.5 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 124625 kNm/m
Overturning moment Mg, = 160,92 kMNm/m

Safety factor = 7,74 = 200
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 341,20 kMN/m
Active horizontal force Hzee = 20,19 KN/mM

Safety factor = 4,25 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e = 0,039
Maximum allowable eccentricity ez, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation seil Ry
Safety factor = 8,02 = 2,00

Bearing capacity of foundation seil is SATISFACTORY

110,65 kPa
887,90 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kN/m

Force in reinforcement B = 12,19 kN/m

Safety factor = 544 > 1,30

Reinforcernent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.12)
Pull out resistance Tp = 13,81 kN/m

Force in reinforcement F, = 1,29 kMN/m

Safety factor = 10,69 = 1,50

Reinfercernent for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center & = (-0,55-884) m
Radius r = 14,84 m
Angle o = 212 °

Uz = 53,44

Slope stability check (Bishop)
F&=1497> 130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Owerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Cheerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hies
Active horiz, force Hzct

Factor of safety = 2,82 » 1,50
Slip along geotextile is SATISFACTORY

225,92 kM/m
20,17 kMN/m

90,00 *

48913 kN/m
0,80

225,92 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.37 H=6 m, s,=0.5 m, L/H=0.8, Paragrid donatis1 ve Orta Sik1 Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mre: = 13160,87 kMm/m
Overturning morment Mgy, = 137,34 kNm/m

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 331,37 kMN/m
Active horizontal force Hzpe = 8244 kN/m

Safety factor = 5,14 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force & = 0,027
Maximum allowable eccentricity egy = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Max. stress at footing bottom g = 14,26 kPa
Bearing capacity of foundation soil Ry = 333,60 kPa
Safety factor= 7,78 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R = 66,20 kN/m

Force in reinforcement Fy = 10,40 kM/m

Safety factor = 6,37 = 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.12)
Pull out resistance Tp = 21,19 kN/m

Force in reinforcement F, = 1,10 kMN/m

Safety factor = 19,23 = 1,50

Reinforcement for pull cut resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-1,70:-7.83) m
Radius r = 13,94 m
Angle o = 700 ¢

Uz = 55,.?3 =

Slope stability check (Bishop)
FS=225>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of ship surface

Cheerall normal force acting on reinfercement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Orwerall bearing capacity of reinforcernents

Check for slip:

Resisting horizontal force Hees
Active horiz, force Hzct
Factor of safety = 4,24 = 1,50
Slip along geotextile is SATISFACTORY

290,29 kM/m
68,42 kMN/m

90,00 *

518,22 kN/m
0,80

290,29 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.38 H=6 m, s,=0.5 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mrez = 1383128 kMNm/m
Overturning moment Mgy, = 115,73 kMNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 360,03 kMN/m
Active horizontal force Hazpe = 37,67 KN/m

Safety factor = 6,24 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e = 0,018
Maxirnum allowable eccentricity ez = 0,430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 11819 kPa
Bearing capacity of foundation soil Ry = 889,20 kPa

Safety factor= 7,52 > 200
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME
Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kN/m Slip surface parameters

Forcein reinforcement B, = 876 kN/m

Safety factor = 7,56 > 1,50
Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 131,14 KN/m

Forcein reinforcement By = 444 kN/m

Safety factor = 29,57 » 1,50

Reinforcement for pull out resistance is SATISFACTORY

(slip surface after optimization)

Center & = (-3,15-8,48) m
Radius r = 1478 m
Angle oq = 12,35 ©

oz = 55,08 *©

Slope stability check (Bishop)
F&=2352=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Crerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Chverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Active horiz. force Hzct
Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

366,79 kMN/m
57,65 kN/m

90,00 ©

546,40 kM/m
0,80

366,79 kM/m
0,00 kMN/m
0,00 kMSm




Tablo A.39 H=8 m, s,=0.5 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 295423 kMm/m

) Eccentricity verification
Overturning moment Mg, = 381,43 kNm/m

Mazx. eccentricity of normal force e = 0,039
Maximum allowable eccentricity egy = 0,430

Safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max, stress at footing bottom g = 14752 kPa
Bearing capacity of foundation scil Ry = 897,20 kPa
Safety factor = 6,08 > 2,00

Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizental force Heee = 475,36 kKN/m
Active horizontal force  Hazge = 142,69 kKN/m

Safety factor = 3,33 = 1,30
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Ry = 66,26 kN/m Slip surface parameters

Force in reinforcement Fy = 16,61 kM/m (slip surface after optimization)

Safety factor = 3,99 = 1,50 Center & = (-242:-11,08) m

Reinforcement for tensile strength is SATISFACTORY Radius r = 19,21 m
Angle o = 724 ¢

Check for pull out resistance (reinforcement No.16) oz = 5478 °

Pull DITIt re.sistance Tp = 17,38 kN/m Slope stability check (Bishop)

Forcein reinforcement B = 1,29 kN/m FS=1,83>130

Safety factor = 13,62 = 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall normal force acting on reinforcement = 269,99 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 401,83 kMN/m
Wall resistance = 0,00 kM/m
DOwerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:
Resisting horizontal force Hpes
Lctive hariz. force |

Factor of safety = 2,82 = 1,50
Slip along geotextile is SATISFACTORY

401,83 kMN/m
142,65 kM
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Tablo A.40 H=8 m, s,=0.5 m, L/H=0.8, Paragrid donatis1 ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
gey:mg.mament ¢ mm; i 3;;;22 tmmim Eccentricity verification
Verturning mement Mavr = ’ mim Max. eccentricity of normal force e = 0,027
Maximum allowable eccentricity eg, = 0450

Safety factor = 9,59 = 200
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hye: =
Active horizontal force  Hzg =

490,40 kN/m
121,78 kN/m

Safety factor = 4,03 = 1,50
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation soil Ry
Safety factor = 5,90 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

152,34 kPa
898,20 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Bi = 86,20 kN/m

Force in reinforcement Fy = 14,18 kN/m

Safety factor = 4,67 = 1,50

Reinforcernent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.16)
Pull out resistance Tp = 27,30 kN/m

Force in reinforcement By = 1,10 kN/m

Safety factor = 24,77 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(=lip surface after optirnization)

Center 5 = (-13,38:-28,33) m
Radius r = 3826 m
Angle @y = 2014 =

oz = 4276 ©

Slope stability check (Bishop)
Fs=212=1,30
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hpes
Active hornz, force Hzct

Factor of safety = 4,24 = 1,50
Slip along geotextile is SATISFACTORY

516,32 kN
121,75 kM/m

90,00 *

921,72 kM/m
0,80

516,32 kM/m
0,00 kMN/rm
0,00 kMN/m
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Tablo A.41 H=8 m, s,=0.5 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 327893 kMm/m
Cwverturning moment Mgy = 274,31 kMNm/m

Safety factor = 11,95 > 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyey =
Hzcr =

502,85 kM/m
Active horizontal force 102,617 kM/m
Safety factor = 4,90 > 1,50

Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force ¢ = 0,018
Maxirnum allowable eccentricity eany = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o
Bearing capacity of foundation seil Ry
Safety factor= 5,70 » 2,00

Bearing capacity of foundatien seil is SATISFACTORY

157,59 kPa
893,90 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength R = 66,20 kM/m

Force in reinforcement By, = 11,94 kM/m

Safety factor = 5,55 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 233,14 kN/m

Force in reinforcement F = 5,93 kN/m

Safety factor = 39,21 = 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-16,1%-29.76) m
Radius r = 41,01 m
Angle @i = 23,19 *©

g = 43 47 *©

Slope stability check (Bishop)
F5=234= 130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Overall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hpes
Active horiz. force Hazrt
Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

652,39 kM/m
102,59 kM/m

90,00 ©

971,85 kM/m
0,80

652,39 kMN/m
0,00 kM/m
0,00 kM/m
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Tablo A.42 H=10 m, s,=0.5 m, L/H=0.8, Paragrid donatisi ve Gevsek Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 377014 kMNm/m

Owerturning moment Mg, = 745,02 kMm/m Eccentricity verification

Max. eccentricity of normal force € = 0,039
Maximum allowable eccentricity ez = 0,450

safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottom g = 18440 kPa
Bearing capacity of foundation seil Ry = 906,50 kPa

Safety factor = 492> 2,00
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 819,72 kKN/m
Active horizontal force Hze = 223,00 KMN/m

Safety factor = 2,78 = 1,50
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R = 66,26 kN/m Slip surface parameters
Force in reinforcement F, = 21,04 kN/m (slip surface after optimization)
Safety factor = 3,15 > 1,50 Center 5 = (-741;-17,68) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 28,61 m
Angle oq = 15,01 ©
Check for pull out resistance (reinforcement No.20) oz = 51,83 °
Pull out resistance Tp = 21,36 kN/m Slope stability check (Bishop)
Force in reinforcement By = 1,29 kMN/m F5=1,79= 1,30
Safety factor = 16,54 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall normal force acting on reinforcement = 135976 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 628,05 kMN/m
Wall resistance = 0,00 kMN/m
Owerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:

Resisting herizontal force Hpgs
Active horiz. force Haet
Factor of safety = 2,82 » 1,50
Slip along geotextile is SATISFACTORY

628,05 kM/m
223,02 kM/m
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Tablo A.43 H=10 m, s,=0.5 m, L/H=0.8, Paragrid donatisi ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mie: = 009728 kMNm/m E tricity verificati
. ) ccentricity verification
Overturning mement Moy = 635,86 kNm/m Max, eccentricity of normal force e = 0,027

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 840,04 kEMN/rn
Active horizontal force  Hzee = 190,38 kN/m

Safety factor = 3,36 = 1,50
Wall for slip is SATISFACTORY

Maximum allowable eccentricity e, = 0,450
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom g = 19042 kPa
Bearing capacity of foundation seil Rg = 907,70 kPa

Safety factor = 4,77 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME
Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kh/m Slip surface parameters

Force in reinforcement Fy, = 17,96 kMN/m

Safety factor = 3,69 > 1,50
Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.20)
Pull out resistance Tp = 33,40 kN/m

Force in reinforcement By = 1,10 kN/m

Safety factor = 30,31 » 1,50

Reinforcement for pull out resistance is SATISFACTORY

(slip surface after optimization)

Center 5 = (-16,6%-33,33) m
Radius r = 46,55 m
Angle g = 210 =

oy = 4382 ©

Slope stability check (Bishop)
F5=19%=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Ne.: 1)

Inclination of slip surface

Crwverall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Ovwverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hes
Active horiz. force Hazet
Factor of safety = 4,24 = 1,50
Slip aleng geotextile is SATISFACTORY

206,92 kMN/m
190,34 kMN/m

90,00
1440,61 kM/m
0,20
BOE, 98 kM/m
0,00 kM
0,00 kM
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Tablo A.44 H=10 m, s,=0.5 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 840449 kMm/m
Owerturning moment Mg, = 33577 kNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hee = 657,08 KN/m
Active horizontal force et = 16047 kKN/m

Safety factor = 4,10 > 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Max, eccentricity of normal ferce e = 0,018
Maximum allowable eccentricity ean, = 0430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at feoting bottom g
Bearing capacity of foundation soil Ry
Safety factor = 4,61 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

196,99 kPa
808,60 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,26 kh/m

Force in reinforcement F, = 15,13 kN/m

Safety factor = 4,38 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 364,28 kN/m

Forcein reinforcement F, = 746 kMN/m

Safety factor = 48,86 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-25,03;-35,000 m
Radius r = 3494 m
Angle o = 270 ¢

Uz = 44,.?3 =

Slope stability check (Bishop)
FS=219>130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Crwverall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Active honz. force Hact
Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

90,00 *

1518,96 kN/m
0,20

1019,65 kMN/m
0,00 kMN/m
0,00 kMN/m

1019,65 kMN/m
160,38 kM/m




Tablo A.45 H=6 m, s,=0.8 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 1246253 kMm/m

E trici ot
Owerturning moment Mg, = 160,92 kNm/m ccentricity verification

Max, eccentricity of normal force € = 0,039
Maximurn allowable eccentricity eg = 0,430

Safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

E‘h?ck foleip i'f Mo = 34190 KN/ Max. stress at footing bottom g = 11065 kPa
esisting horizontal force Hres = 341,20 kKN/m | ping capacity of foundation soil Ry = 887,90 kPa
Active horizontal force 2t = 8019 kKN/m

Safety factor = 8,02 = 2,00

Bearing capacity of foundation soil is SATISFACTORY
Safety factor = 4,25 > 1,50

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R: = 66,26 kN/m Slip surface parameters
Force in reinforcement By = 18,61 kMN/m ':C5|'F' 5'—'”;3’5'-‘- Eﬂﬁ:lf ;‘jtl;”gl;ﬂtlﬂﬂ]
Safety factor = 3,36 > 1,50 R:S:f; > C (-1, "1'5,51] m
Reinforcement for tensile strength is SATISFACTORY A ~ e =
ngle g = 8.26
Check for pull out resistance (reinforcement No.8) ez : SE'rE:Q
Pull out resistance Ty = 1041 kN/m Slope stability check (Bishop)
Force in reinforcement F, = 1,43 kN/m F5=1,65=1.30

Safety factor = 7,27 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)
Inclination of slip surface = 90,00 =
Cwerall normal force acting on reinforcement 439,13 kM/m

Coefficient of reduction of slip along geo-textile = 0,80

Resistance aloeng geo-reinforcement = 225,92 kMN/m
Wall resistance = 0,00 kMSm
Crwverall bearing capacity of reinforcements = 000 kMSm

Check for slip:

Resisting horizontal force Hpes
Active horiz. force Hazrt
Factor of safety = 2,82 > 1,30
Slip along geotextile is SATISFACTORY

225,92 kMN/m
3017 kMN/m
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Tablo A.46 H=6 m, s,=0.8 m, L/H=0.8, Paragrid donatis1 ve Orta Siki Kum

dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 131687 kMm/m
Owerturning moment Mg, = 137,34 kNm/m

Safety factor = 9,59 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hiee = 351,57 KN/m
Active horizontal force zct = 0844 KN/m

Safety factor = 5,14 = 1,50
Wall for slip is SATISFACTORY

Eccentricity verification
Mazx. eccentricity of normal force & = 0,027
Maximurn allowable eccentricity egy = 0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Mau. stress at footing bottom g =
Bearing capacity of foundatien soil Ry =
Safety factor= 7,78 = 2,00

Bearing capacity of foundation soil is SATISFACTORY

114,26 kPa
828,60 kPa

KOPMA VE SIYRILMA TOPTAN GOCME
Check for tensile strength (reinforcement No.2)
Tensicn strength Ry = 66,26 kM/m Slip surface parameters

Force in reinforcement Fy, = 15,89 kN/m

Safety factor= 417> 1,30
Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.8)
Pull out resistance Tp = 16,13 KN/m

Force in reinforcement F, = 1,22 kN/m

Safety facter = 13,21 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

(slip surface after optimization)

Center 5 = (-3,536-10.30) m
Radius r = 17,76 m
Angle oq = 1824 =

oy = 5214 =

Slope stability check (Bishop)
F5=1,86>1230
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Crerall nermal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hes
Active horiz, force Hact
Factor of safety = 4,24 » 1,50
Slip along geotextile is SATISFACTORY

290,29 kM/m
68,42 kM/m

90,00 =

518,22 kM/m
0,80

290,29 kM/m
0,00 kMSm
0,00 kMSm
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Tablo A.47 H=6 m, s,=0.8 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 138318 kMm/m
Owerturning moment Mg, = 115,73 kMm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heer =
Active horizontal force  Hze =

360,03 kN/m
5767 kN/m

Safety factor = 6,24 = 1,50
Wall for clip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e =
Maximum allowable eccentricity ez, =

0,018
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 11819 kPa
Bearing capacity of foundation soil Ry = 889,20 kPa

Safety factor= 7,52 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Ry = 66,206 kN/m

Force in reinforcement F, = 13,38 kN/m

Safety factor = 495> 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 131,14 kN/m

Force in reinforcement F, = 717 kN/m

Safety factor = 18,28 = 1,30

Reinfercement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center & = (-7,9%-1577) m
Radius r = 23,14 m
Angle g = 20,09 =

o7 = 4704 =

Slope stability check (Bishop)
F&=2009=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COrwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile
Resistance along geo-reinforcement

Wall resistance

Orwerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Active horiz, force Hazet
Factor of safety = 6,36 > 1,50
5lip along geotextile is SATISFACTORY

366,79 kN/m
57,65 kMN/m

90,00 °

546,40 kN/m
0,30

366,79 kN/m
0,00 kN/m
0,00 kN/m
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Tablo A.48 H=8 m, s,=0.8 m, L/H=0.8, Paragrid donatis1 ve Gevsek Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 293423 kMm/m

Eccentrici —
Owverturning moment Mg, = 381,45 kMNm/m ccentricity verification

Mazx. eccentricity of normal force € = 0,039
Maximum allowable eccentricity ez, = 0,430

Safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

) Verification of bearing capacity
Chf‘_'d_c for SI'_P e . Max, stress at footing bottom o = 14752 kPa
RES!Stmg hDrlantalfDrce Hree = 475,36 kN/m Bearing capacity of foundation soil Ry = 89720 kPa
Active horizontal force act = 142,69 kMN/m

Safety factor = 6,08 = 2,00

Bearing capacity of foundation seil is SATISFACTORY
Safety factor = 3,33 = 1,50

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2) St surf
Tensicn strength Ry = 66,26 kN/m II'P su rface p;rame:er.s i
Force in reinforcement F, = 23,77 klN/m (slip surface after optimization)

Center 5 = (-11,04:-22.33) m

Safety factor = 2,57 > 1,50 Radius r = 3223 m
Reinforcement for tensile strength is SATISFACTORY Angle @ = 2003 °
oz = 48,15 =

Check for pull out resistance (reinforcement No.10) - .
Pull out resistance Tp = 28,81 kN/m Slope stability check (Bishop)

L ; F5=1,56= 1,30
Force in reinforcement By = 3,22 KN/m Slope <tability is SATISFACTORY
Safety factor = 9,26 > 1,50

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 ©
Cwerall nermal force acting on reinforcemnent = 869,99 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 401,83 kM/m
Wall resistance = 0,00 kM/m
Crwerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:
Resisting horizontal force Hyes
Active horiz, force Hzet

Factor of safety = 2,82 > 1,30
Slip along geotextile is SATISFACTORY

401,83 kMN/m
142,65 kM/m
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Tablo A.49 H=8 m, s,=0.8 m, L/H=0.8, Paragrid donatis1 ve Orta Siki Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mre: = 3121,68 kMm/m

Eccentrici ot
Owerturning moment Mg, = 325,36 kMm/m ccentricity verification

Max. eccentricity of normal force ¢ = 0,027
Maximum allowable eccentricity ez, = 0,450

Safety factor = 9,39 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottom g = 132,34 kPa
Bearing capacity of foundation soil Ry = 83820 kPa

Safety factor = 5,90 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 49040 kN/m
Active horizontal force  Hzee = 121,78 kKN/m

Safety factor = 4,03 = 1,50
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Ry = 66,26 kN/m Slip surface parameters
Force in reinforcement Fy = 22,00 kMN/m (slip surface after optimization)
Safety factor = 3,01 > 1,50 Center 5 = (-16,72-26,08) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 37,88 m
Angle oq = 26,19 ©
Check for pull out resistance (reinforcement No.10) o2 = 46,53 ©
Pull out resistance Tp = 4541 kN/m Slope stability check (Bishop)
Force in reinforcement Fy, = 2,753 kN/m F5=1,74= 1,30
Safety factor = 16,53 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of ship surface = 9000 ®
Crwverall normal force acting on reinforcement = 921,72 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along gec-reinforcement = 516,32 kMN/m
‘Wall resistance = 0,00 kMN/m
Cheerall bearing capacity of reinforcements = 000 kMN/m

Check for slip:
Resisting horizontal force Hees
Active horiz. force Hazer

Factor of safety = 4,24 = 1,50
Slip along geotextile is SATISFACTORY

516,32 kM/m
121,75 kM
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Tablo A.50 H=8 m, s,=0.8 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu
zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 327893 kMNm/m

Eccentric ot
Overturning moment Mgy, = 27431 kNm/m ccentricity verification

Mazx. eccentricity of normal force & = 0,018
Maxirum allowable eccentricity eg, = 0,430

Safety factor = 11,95 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Maz, stress at footing bottom g = 157,59 kPa
Bearing capacity of foundation seil Rg = 898,90 kPa

Safety factor= 5,70 = 2,00
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizental force Heee = 302,85 kN/m
Active horizontal force  Hazge = 102,67 kKMN/m

Safety factor = 4,90 = 1,50
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R: = 66,26 kN/m Slip surface parameters

Force in reinforcement F, = 18,52 kN/m (slip surface after optimization)

Safety factor = 3,58 > 1,50 Center & = (-136,40;-213,29) m

Reinforcement for tensile strength is SATISFACTORY Radius r = 272,39 m
Angle o4 = 3501 ©

Check for pull out resistance (reinforcement No.1) oz = 3780 *

Pull out resistance Tp = 233,14 kN/m Slope stability check (Bishop)

Forcein reinforcement F, = 9,63 kMN/m F5=1,94= 130

Safety factor = 24,16 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 =
Owerall normal force acting on reinforcement = 971,85 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 652,39 kN/m
‘Wall resistance = 0,00 kMSm
Ovwerall bearing capacity of reinforcements = 0,00 kM

Check for slip:

Resisting horizontal force Hees
Active horiz. force Hazrt
Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

652,39 kMN/m
102,59 kMN/m
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Tablo A.51 H=10 m, s,=0.8 m, L/H=0.8, Paragrid donatisi ve Gevsek Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 377014 kNm/m

Overturning moment Mg,y = 745,02 kNm/m Eccentricity verification

Mazx. eccentricity of normal force ¢ = 0,039
Maxirmurm allowable eccentricity ean = 0,450

=77
safety factor = 7,74 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

Check for slip Verification of bearing capacity

Resisting horizontal force Hiez = 619,72 kMN/m quaa}iirftri? ZETDD;}HF%E%?E” <ol ;-:I f ;gggg EE:
Active horizontal force Hzee = 223,00 kN/m g capacity -

Safety factor = 4,92 > 2,00
Bearing capacity of foundation soil is SATISFACTORY

Safety factor = 2,78 = 1,50
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength Rt = 66,26 kN/m Slip surface parameters
Force in reinforcement F, = 32,70 kN/m (slip surface after optimization)
Safety factor = 2,03 » 1,50 Center 5 = (-13,4§-21,62) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 3429 m
Angle o = 2311 *
Check for pull out resistance (reinforcement No.13) oz = 30,91 *
Pull out resistance Tp = 1633 kN/m Slope stability check (Bishop)
Force in reinforcement F, = 1,43 kN/m F5=1,48> 1,30
Safety factor = 11,41 > 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Crwerall nermal force acting on reinforcernent = 1359,76 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along gec-reinforcemnent = 828,05 kN/m
Wall recistance = 0,00 kM/m
Crverall bearing capacity of reinforcerments = 0,00 kMSm
Check for slip:

Resisting horizental force Heee = 828,05 kMN/m

Active horiz, force Hzer = 223,02 kM/m

Factor of safety = 2,82 > 1,50
Slip along geotextile is SATISFACTORY
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Tablo A.52 H=10 m, s,=0.8 m, L/H=0.8, Paragrid donatisi ve Orta Siki Kum
dolgu zemini icin Statik analiz sonug ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 009728 kMm/m

Owerturning moment Mgy, = 635,86 kNm/m Eccentricity verification

Max. eccentricity of normal force € = 0,027
Maxirurn allowable eccentricity egy = 0,430

safety factor = 9,39 > 2,00 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

. Verification of bearing capacity
{R::;::icnm;zl:fmntalfnrce Heoo = 640,04 KN/m Max, stress at footing bottom g = 190,42 kPa
g Sl ’ ' Bearing capacity of foundation soil Ry = 907,70 kPa

Active horizontal force =2t = 190,38 EM/m

Safety factor = 4,77 > 2,00

Safety factor = 3,36 > 1,50 Bearing capacity of foundation soil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.2)

Tension strength R: = 66,206 kN/m Slip surface parameters
Forcein reinforcement Fy = 27,92 kN/m (slip surface after optimization)
Safety factor = 2,37 > 1,30 Center 5 = (-29.40:-40,83) m
Reinforcement for tensile strength is SATISFACTORY Radius r = 3863 m
Angle g = 30,10 *©
Check for pull out resistance {reinforcement No.13) oz = 45,86 °
Pull out resistance Tp = 2571 kN/m Slope stability check (Bishop)
Forcein reinforcement F, = 1,22 kN/m FS=1,64= 130
Safety factor = 21,05 » 1,50 Slope stability is SATISFACTORY

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,000 =
Crverall normal force acting on reinforcement = 144061 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 806,92 kM/m
Wall resistance = 0,00 kM/m
Owerall bearing capacity of reinforcements = 0,00 kM/m

Check for slip:

Resisting horizontal force Hyes
Active horiz. force Hzet
Factor of safety = 4,24 > 1,50
Slip along geotextile is SATISFACTORY

806,98 kM,/m
190,34 kM,

159




Tablo A.53 H=10 m, s,=0.8 m, L/H=0.8, Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Statik analiz sonuc ¢iktilar1 (GEOS5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 840449 kMm/m
Overturning moment Mgy, = 335,77 kNm/m

Safety factor = 11,95 = 2,00
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee =
Active horizontal force

237,08 kM/m
zct = 16041 kMN/m
Safety factor = 410 = 1,50

Wall for clip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e =
Maximurmn allowable eccentricity egy, =

0ma
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation seil Ry =
Safety factor = 4,61 > 2,00

Bearing capacity of foundation soil is SATISFACTORY

196,99 kPa
908,60 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.2)
Tension strength Rt = 66,26 kMN/m

Force in reinforcement Fe = 23,37 kMN/m

Safety factor = 2,82 > 1,50

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.1)
Pull out resistance Tp = 364,28 kN/m

Force in reinforcement F, = 12,28 kMN/m

Safety factor = 29,67 » 1,50

Reinforcement for pull out resistance is SATISFACTORY

Slip surface parameters
(slip surface after optimization)

Center 5 = (-82,95:-100.07) m
Radius r = 137,71 m
Angle g = EFNI

oz = 4339 *

Slope stability check (Bishop)
F5=1281=130
Slope stability is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COrwerall nermal force acting on reinforcement
Coefficient of reduction of slip aleng geo-textile
Resistance aleng geeo-reinforcement

Wall resistance

Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hees
Active horiz. force Haet
Factor of safety = 6,36 = 1,50
Slip along geotextile is SATISFACTORY

1019,65 kMN/m
160,38 kMN/m

90,00
1518,96
0,30
1018,65
0,00
0,00

kMM

kM m
kM
kM m
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Tablo A.54 H=6 m ve s5,=0.4 m i¢in statik analiz sonugclar1

Tablo A.55 H=6 m ve s,=0.5 m icin statik analiz sonuclar1
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Tablo A.56 H=6 m ve s,=0.8 m icin statik analiz sonuclar1

Tablo A.57 H=8 m ve s,=0.4 m icin statik analiz sonuclar1
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Tablo A.58 H=8 m ve s,=0.5 m i¢in statik analiz sonuclar1

Dig Smbilite Govenlik Saylan Ic Swabilite Gavenlik Sayilan

Tagmma  Topian
Eopma 5
Eayma 5 o o ayrilma

Geoter F PVA 100 geoteksril

Tablo A.59 H=8 m ve s,=0.8 m i¢in statik analiz sonugclari

I Smbilite Giavenlik Sayilan

EKopma Siynhma
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Tablo A.60 H=10 m ve s,=0.4 m icin statik analiz sonuclar1
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Tablo A.62 H=10 m ve s,=0.8 m icin statik analiz sonuclar1
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B

SISMIK ANALIZ PROGRAM CIKTILARI

Tablo B.1 H=6 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Gevsek Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability

Eccentricity verification
Resisting moment Mz = 2011,31 kKMNmsm “'T

Overturning moment Moy, = 358,39 kNm/m Max: eccentricity Dfnarmalforce e = 0058
Maximum allowable eccentricity eay = 0,450

Safety factor = 5,61 > 1,50 Eccentricity of the normal force is SATISFACTORY

Wall for owverturning is SATISFACTORY

Check for slip Verification of hegring capacity

Resisting haorizental force Hyee = 411,99 kM/m Maz, stress at footing bottom o = 11751 kPa

Active horizontal force Hzer = 129,57 kMN/m Bearing capacity of foundation soil Rg = 893,40 kPa

Safetv factor — 318 = 110 Safety factor = 7,60 = 1,50
.‘_.j!eﬁ"-‘;‘cf':“r‘j'igs TSEACTORY Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.3)

TE”5i':'_” 5rt'_E"EIth R: = 26,88 kMN/m Slope stability verification (Bishop)

Force in reinforcement Fy = 6,49 kMN/m Surn of active forces:  Fa= 460,90 kN/m

Safety factor = 4,14 » 1,10 - D E - ;

Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp = 603,68 kN/m
Sliding morment : Mz = 13218,79 kNm/m

Check for pull out resistance (reinforcement Mo.24) _— , _ ‘
Pull out resistance Tp = 773 kN/m RESIStIng moment : MP = 1983339 kNm/m

Force in reinforcement F, = 6,46 kMN/m Factor of SIEfEt_‘,f =131>110
Safety factor = 1,20 » 1,10 Slope stability ACCEPTAELE
Reinforcement for pull cut resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinfoercement with the masximal utilization (Reinforc. Mo.: 1)

Inclination of =slip surface = 90,00
Orwerall normal force acting on reinforcement = 622,02 kMN/m
Coefficient of reduction of slip along gec-textile = 0,e0
Fesistance aleng gec-reinforcement = 21547 kM/m
Wall resistance = 0,00 kMN/mMm
COwerall bearing capacity of reinforcements = 0,00 KM/

Check for slip:

Resisting horizontal force Hez: = 215,47 kMNSmM
Active horiz. force Hzee = 128,34 kMN/mM
Factor of safety = 1,67 > 1,710

Shp along geotextile is SATISFACTORY
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Tablo B.2 H=6 m, s,=0.25 m, L/H=1, Notex C PVA donatisi ve Gevsek Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 2011,31 kMm/m
Owerturning moment Mg, = 358,39 kNm/m

Safety factor = 5,61 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizental force Heee = 411,99 kN/m
Active horizontal force  Hzee = 129,37 kKN/m

Safety factor = 3,18 > 1,10
Wall for clip is SATISFACTORY

Eccentricity verification
Mazx. eccentricity of normal force ¢ = 0,058
Maxirum allowable eccentricity es, = 0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom a
Bearing capacity of foundation soil Rg
Safety factor = 7,60 = 1,50

Bearing capacity of foundation soil is SATISFACTORY

117,51 kPa
893,40 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength Ry = 32,96 kMN/m

Force in reinforcement F = 6,49 kN/m

Safety factor = 5,08 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 9,02 kN/m

Force in reinforcement F, = 6,46 kN/m

Safety factor = 140> 1,10

Reinforcernent for pull cut resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fo= 333,13 kN/m
Sum of passive forces: Fp = 768,73 kN/m

Sliding moment : Mz = 3089870 kNm/m
Resisting morment : Mg = 42842 27 kNmy/m
Factor of safety = 1,39 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
COwerall nermal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Heee = 231,39 KMNSm
Active horiz. force Hzet = 129,34 kM/m

Factor of safety = 1,04 > 1,10
Slip along geotextile is SATISFACTORY

90,00 ©

622,02 kMN/m
0,70

251,39 kN/m
0,00 kN/m
0,00 kN/m
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Tablo B.3 H=6 m, s,=0.25 m, L/H=1, Paragrid donatis1 ve Gevsek Kum dolgu

zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
gey::mg.mument ; mm; i ES;;;; tmm_arm Eccentricity verification
verturming mement Mawr = v mim Max. eccentricity of normal force e = 0,058
Mazximum allowable eccentricity es = 0,450

Safety factor = 3,61 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hyes
Active horizontal force Hag

411,99 kMN/m
129,57 kMN/m

Safety factor = 3,18 > 1,10
Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Mazx, stress at footing bottom g
Bearing capacity of foundation seil Ry
Safety factor = 7,60 » 1,50

Bearing capacity of foundation soil is SATISFACTORY

117,51 kPa
893,40 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength Ry 66,26 kMN/m

Force in reinforcement Fy 6,49 kMN/m

Safety factor = 10,20 = 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance T = 11,60 kN/m

Force in reinforcement F, = 6,46 kN/m

Safety factor = 1,80 = 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Surm of active forces:  Fo= 37460 kKMN/m
Sum of passiveforces: Fp= 84340 kN/m

Sliding moment : Mz = 3901317 kMm/m
Resisting moment : Mg = 3726708 kNm/m
Factor of safety = 1,47 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Crverall nermal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hpes
Active horiz. force Hact

Factor of safety = 2,22 = 1,10
Slip along geotextile is SATISFACTORY

287,30 kM/m
128,34 kMN/m

90,00 =

622,02 kMN/m
0,20

287,30 kM/m
0,00 kM/m
0,00 kM/m

168




Tablo B.4 H=6 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Orta Siki Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 213110 kMm/m
Owerturning moment Mg, = 319,35 kMm/m

Safety factor = 6,67 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpe:
Active horizontal force Haet

42729 kMN/m
= 113,93 kM/m
Safety factor = 3,75 > 1,10

Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of nermal force e = 0,043
Maximum allowable eccentricity es, = 0450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation soil Ry
Safety factor = 7,41 = 1,50

Bearing capacity of foundation soil is SATISFACTORY

120,66 kPa
894,50 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.24)
Tension strength R = 26,88 kN/m

Forcein reinforcement Fe = 5,93 kN/m

Safety factor=4,53 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 11,18 kN/m

Force in reinforcement Fe = 5,93 kM/m

Safety factor= 1,88 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 470,62 kMN/m
Sum of passiveforces: Fp= 72260 kMN/m

Sliding moment : Mz = 2276405 kNm/m
Resisting moment : Mp = 34952,39 kNm/m
Factor of safety = 1,54 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Cwverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hie:
Active horiz, force Hact
Factor of safety = 2,44 = 1,10
Slip along geotextile is SATISFACTORY

277,26 kM/m
113,75 kN/m

90,00 =

639,95 KM/
0,60

277,26 KM/
0,00 kM/rmn
0,00 kM/rm
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Tablo B.5 H=6 m, s,=0.25 m, L/H=1, Notex C PVA donatis1 ve Orta Siki Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mrez = 2131,10 kMm/m
Overturning moment Mgy, = 319,33 kNm/m

Safety factor = 6,67 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 427,29 kN/m
Active horizontal force Hzee = 113,93 kKN/m

Safety factor = 3,75 = 1,10
Wall for clip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e = 0,043
Maximum allowable eccentricity es, = 0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Max. stress at footing bottomn g = 120,66 kPa
Bearing capacity of foundation soil Ry = 894,50 kPa
Safety factor = 741 > 1,50

Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.24)
Tension strength B: = 32,96 kN/m

Force in reinforcement F = 3,93 kN/m

Safety factor = 5,53 = 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 13,04 kh/m

Forcein reinforcement F = 3,93 kN/m

Safety factor = 2,20= 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Surn of active forces:  Fz;= 461,59 kN/m
Sum of passiveforces: Fp= 729,43 kN/m

Sliding rmement : Mz = 1468314 kMm/m
Resisting morment : Mg = 2320310 kNm/m
Factor of safety = 1,58 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

COwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcerment
Wall resistance
COhwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hiee = 323,47 kN/m
Active horiz. force Hzet = 113,73 kMN/m

Factor of safety = 2,84 = 1,10
Slip along geotextile is SATISFACTORY

90,00 ©

£59,95 kM/m
0,70

323,47 kMN/m
0,00 kM/m
0,00 kM/Sm
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Tablo B.6 H=6 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Orta Siki Kum dolgu

zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mgz = 213110 kMm/m Eccentricity verification
Overturning moment Moy = 319,33 kNm/m Max. eccentricity of normal force e = (,043
Maxirnum allowable eccentricity e, = 0450

Safety factor = 6,67 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hye: =
Active horizontal force

42729 kMN/m
2t = 113,93 kMN/m
Safety factor = 3,75 > 1,10

Wall for slip is SATISFACTORY

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o = 120,66 kPa
Bearing capacity of foundation soil Ry = 894,50 kPa

Safety factor = 741 = 1,50
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.24)
Tension strength Ri = 66,26 kMN/m

Forcein reinfarcement F = 5,93 kN/m

Safety factor = 11,17 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 1676 kN/m

Forcein reinforcement F, = 3,93 kN/m

Safety factor = 2,82 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz=  B10,31 kMN/m
Sum of passive forces: Fp = 1066,53 kN/m

Sliding moment : Mz = 41453362 kNm/m
Resisting moment : Mp = 7241768 kNm/m
Factor of safety = 1,75 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Crwerall nermal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Cwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hyes
Active horiz, force Hact

Factor of safety = 3,23 > 1,10
5lip along geotextile is SATISFACTORY

369,628 kN/m
113,75 kN/m

90,00 *

659,95 kN/m
0,80

369,68 kN/m
0,00 kN/m
0,00 kN/m
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Tablo B.7 H=6 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Siki Kum dolgu
zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 2244 80 kMNm/m

Eccentrici ficati
Overturning moment Mg, = 28434 kNm/m ccentricity verification

Mazx. eccentricity of normal force e = 0,032
Maximum allowable eccentricity eg,, = 0450

Safety factor = 7,89 > 1,50 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation soil Ry
Safety factor = 7,20 = 1,50

Bearing capacity of foundation seil is SATISFACTORY

Check for slip
Resisting herizontal force Heee = 439,83 EN/m
Active horizontal force  Hze = 99,82 KN/m

124,31 kPa
895,40 kPa

Safety factor = 441 = 1,10
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.24)

Tension strength Ry = 26,88 kN/m

Forcein reinforcement B = 547 kN/m Slope stability verification (Bishop)

Safety factor = 4,91 = 1,10 Sum of active forces: Fz= 44046 kN/m
Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 771,63 kh/m

Sliding moment : Mz = 1814704 kMm/m
Resisting moment: Mg = 3179110 kNm/m
Factor of safety = 1,75 = 1,10
Slope stability ACCEPTABLE

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 13,63 kM/m

Force in reinforcement Fy, = 3,47 kN/m

Safety factor = 2,86 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 ®
COwerall nermal force acting on reinforcement = 696,86 kN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along gec-reinforcement = 350,84 kM/m
Wall resistance = 0,00 kMSm
Orverall bearing capacity of reinforcements = 000 kM/m
Check for slip:

Resisting horizontal force Hpee = 330,84 KMN/m

Active horiz. force Hzet = 99,65 kM/m

Factor of safety = 3,32 = 1,10
Slip along geotextile is SATISFACTORY
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Tablo B.8 H=6 m, s,=0.25 m, L/H=1, Notex C PVA donatisi ve Siki Kum dolgu

zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 224480 kMNm/m
Overturning moment Mg, = 284,34 kNm/m

Safety factor = 7,80 = 1,30
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hye:
Active horizontal force

439,83 kMN/m
99,82 EM/m

act

Safety factor = 4,41 > 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Max, eccentricity of normal force e 0032
Maximum allowable eccentricity ez, = 0,430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 12431 kPa
Bearing capacity of foundation soil Ry = 89540 kPa

Safety factor = 7,20 = 1,50
Bearing capacity of foundation seil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.24)
Tension strength R = 32,90 kM/m

Forcein reinforcement F, = 5347 kl/m

Safety factor = 6,02 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.24)
Pull out resistance Tp = 18,25 kN/m

Farce in reinforcement F, = 547 kN/m

Safety factor= 3,33 » 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Surmn of active forces: Fo= 43434 kN/m
Surn of passive forces: Fp= 830,31 kh/m

Sliding moment : Mz = 12031,03 kMNm/m
Resisting moment : Mg = 21926,58 kNm/m
Factor of safety = 1,82 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Cherall nerral force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Cherall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hres
Active horiz, force Hzct
Factor of safety = 4,11 = 1,10
Slip along geotextile is SATISFACTORY

409,31 kN/m
99,65 kN/m

90,00 =
B96,86 kN/m
0,70
409,31 kMN/m
0,00 kMN/m
0,00 kMN/m
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Tablo B.9 H=6 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Siki Kum dolgu
zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 224480 kMm/m

Owverturning moment Mgy, = 28434 kNm/m Eccentricity verification

Max, eccentricity of normal force e = 0,032
Mazxirnum allowable eccentricity ey, = 0430

-7
safety factor = 7,89 > 1,30 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Maz, stress at footing bottom o
Bearing capacity of foundation soil Ry

Safety factor= 7,20 > 1,50
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 439,83 kN/m
Active horizontal force  Hagt 49 82 kMN/m

12431 kPa
895,40 kPa

Safety factor = 4,41 = 1,10
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.24)
Tension strength F; = 66,26 kN/m

Forcein reinforcement By = 547 kh/m Slope stability verification (Bishop)

Safety factor = 12,10 = 1,10 Sum of active forces:  Fz= 84642 kMN/m

Reinforcement for tensile strength is SATISFACTORY 5um of passive forces: Fp= 133435 kN/m
Sliding moment : Mz = 4389207 kMm/m

Check for Full out resistance (reinforcement No.24) Resisting moment : M, = 9060241 kNm/m

Pull out resistance Tp = 2347 kN/m

o Factor of safety = 2,06 > 1,10
Forcein reinforcement Fy, = 547 kN/m Slope stability ACCEPTABLE

Safety factor= 4,20 > 1,10
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 *
Owerall normal force acting on reinforcement = 696,36 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance aleng geo-reinforcement = 467,79 kM/m
Wall resistance = 0,00 kMSm
Crverall bearing capacity of reinforcements = 000 kNS
Check for slip:

Resisting horizontal force Hee = 467,79 kMN/m

Active horiz, force Harr = 99,65 kMN/m

Factor of safety = 4,66 = 1,10
Slip along geotextile is SATISFACTORY
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Tablo B.10 H=8 m, 5,=0.25 m, L/H=1, Geoter F PVA donatisi ve Gevsek Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Miee = 476765 kNm/m
Overturning rmoment Mgy, = 34947 kNm/m

Safety factor = 5,61 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpe: =
Active horizontal force Hzer =

575,30 kMN/m
230,45 kMN/m

Safety factor = 2,50 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force & =
Maximum allowable eccentricity eapy =

0,058
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity

Mazx. stress at footing bottom g =
Bearing capacity of foundation soil Ry =
Safety factor= 5,77 » 1,50

Bearing capacity of foundation soil is SATISFACTORY

156,67 kPa
904,50 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength By = 26,88 kMN/m

Forcein reinfarcement B, = 8,73 kN/m

Safety factor = 3,08 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.32)
Pull out resistance Tp = 10,17 kN/m

Force in reinforcement F, = 8,37 kN/m

Safety factor = 1,19 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Surmn of active forces:  Fz= 780,23 kM/m
Sum of passiveforces: Fp= 96343 kN/m

Sliding moment : Mz = 3291896 kMNm/m
Resisting moment : Mg = 4180304 kNm/m
Factor of safety = 1,27 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Cherall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Active horiz, force Hzct
Factor of safety = 1,67 > 1,10
Slip along geotextile is SATISFACTORY

383,25 kMN/m
230,14 kM/m

90,00 =
1106,36 kM/m
0,60
383,25 kN/m
0,00 kMN/m
0,00 kMSm
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Tablo B.11 H=8 m, 5,=0.25 m, L/H=1, Notex C PVA donatisi ve Gevsek Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 476765 kMNm/m Eccentricity verification

Overturning moment Mgy, = 848,47 kNm/m Max. eccentricity of normal force e = 0,058
Maximum allowable eccentricity eq, = 0,450

Safety factor = 3,61 > 1,30 Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY

) Verification of bearing capacity
Check for slip ) Max. stres at footing bottom o = 156,67 kPa
Resisting horizontal force Hee: = 375,30 kN/m Bearing capacity of foundation soil Ry = 904,50 kPa

Active horizontal force Hze = 23043 kN/m Safety factor = 5,77 > 1,50

Bearing capacity of foundation soil is SATISFACTORY
Safety factor = 2,50 = 1,10
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.3)

Tension strength Ry = 3296 kM/m

Force in reinforcement B, = 873 kN/m Slope stability verification (Bishop)

Safety factor = 3,78 > 1,10 Sum of active forces:  Fz= 82040 kMN/m
Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 108293 kh/m

Sliding moment: Mz = 4263277 kNm/m
Resisting moment:  Mp= 36302,62 kNm/m
Factor of safety = 1,32 > 1,10
Slope stability ACCEPTABLE

Check for pull out resistance (reinforcement No.32)
Pull out resistance Tp = 1187 kM/m

Force in reinforcement F, = 8,37 kN/m

Safety factor = 1,38 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Crverall normal force acting on reinforcement = 110636 kM/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along geo-reinforcement = 44713 kM/m
Wall resistance = 0,00 kMSm
Crverall bearing capacity of reinforcements = 0,00 kM m

Check for slip:

Resisting horizontal force Hgs
MActive horiz. force Hact
Factor of safety = 1,94 = 1,10
Slip along geotextile is SATISFACTORY

447,13 kM/m
230,14 kM/m
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Tablo B.12 H=8 m, 5,=0.25 m, L/H=1, Paragrid donatisi ve Gevsek Kum dolgu
zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 476765 kMm/m

Owverturning moment Mgy, = 84847 kNm/m Eccentricity verification

Max. eccentricity of normal force e = 0,058
Maximum allowable eccentricity eg, = 0,450

safety factor = 3,61 > 1,30 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottorm g
Bearing capacity of foundation soil Ry

Safety factor = 5,77 » 1,50
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 575,30 KN/m
Active horizontal force  Hze = 23043 kKN/m

156,67 kPa
904,50 kPa

Safety factor = 2,50 = 1,10
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength B = 66,26 kN/m

Force in reinforcement Fy = 873 kN/m Slope stability verification (Bishop)
Safety factor= 7,59 » 1,10 Sum of active forces:  Fz= 969,70 kM/m
Reinforcement for tensile strength is SATISFACTORY Surn of passive forces: Fp=  1404,57 kN/m

Sliding moment : Mz= 7483807 kMNm/m
Resisting moment : Mp = 108573,34 kNm/m
Factor of safety = 1,45 » 1,10

Slope stability ACCEPTABLE

Check for pull out resistance (reinforcement No.32)
Pull out resistance Tp = 15,26 kN/m

Forcein reinforcement By = 8,57 kN/m

Safety factor=1,78 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,000 =
Ovwerall normal force acting on reinforcement = 110636 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = 511,00 kM/m
Wall resistance = 0,00 kMNSm
Ovwerall bearing capacity of reinforcements = 0,00 kM

Check for slip:

Resisting hornizontal force Hyes
Active horiz. force Hazrt
Factor of safety = 2,22 = 1,10
5lip along geotextile is SATISFACTORY

311,00 kMSm
230,14 kM/m
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Tablo B.13 H=8 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Orta Siki Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 3051,72 kMm/m

i Eccentricity verification
Overturning moment Mgy, = 736,97 kMNm/m ity

Max. eccentricity of normal force & = 0,043
Maximurmn allowable eccentricity esy = 0,430

Safety factor = 6,67 > 1,30 Eccentricity of the normal foree is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottom g
Bearing capacity of foundation soil Ry

Safety factor = 5,63 = 1,30
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 397,28 KN/m
Active horizontal force  Hzee = 202,67 kKMN/m

160,87 kPa
906,10 kPa

Safety factor = 2,95 = 1,10
Wall for clip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tension strength R: = 26,88 kN/m
Force in reinforcement Fe = 7,83 kN/m Slope stability verification (Bishop)

. . 5 ;
Safety factor = 3.41 > 1,10 Sum of activeforces:  Fo= 743,60 kN/m

Reinforcement for tensile strength is SATISFACTORY sumn of passive forces: Fp= 1080,27 kN/m

Sliding moment: Mz = 33331,58 kNm/m
Check for pull out resistance (reinforcement No.32) Resisting moment: Mg = 77768,73 kNm/m
Pull out resistance Tp = 1474 kN/m Factor of safety = 1,45 > 1,10
Forcein reinforcement F, = 7,88 kN/m Slope stability ACCEPTABLE
Safety factor = 1,87 = 1,10
Reinforcernent for pull out resistance is SATISFACTORY
ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
COrwerall normal force acting on reinforcernent = 117381 kMN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along geo-reinforcement = 49315 kMN/m
Wall resistance = 0,00 kKMN/m
COverall bearing capacity of reinforcements = 0,00 kMN/m
Check for slip:

Resisting horizental force Hee: = 493,15 kMN/m

Active horiz. force Hzer = 202,47 kMN/m

Factor of safety = 2,44 = 1,10
5lip along geotextile is SATISFACTORY
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Tablo B.14 H=8 m, s,=0.25 m, L/H=1, Notex C PVA donatisi ve Orta Siki Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Me: = 3051,72 kMm/m

) Eccentricity verification
Owerturning moment Mg, = 736,97 kNm/m

Max. eccentricity of normal force e = (043
Maximum allowable eccentricity eg,, = 0,450

Safety factor = 6,67 > 1,50 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

. Verification of bearing capacity
[ht_‘d_‘ for SI'_P . ) Max. stress at footing bottom o = 16087 kPa
RES!SIIHQ hnrlznntalfurce Hres = 357,28 kN/m Bearing capacity of foundation sail Ry = 906,10 kPa
Active horizontal force zct = 202,67 kN/m

Safety factor = 5,63 = 1,50

Bearing capacity of foundation soil is SATISFACTORY
Safety factor = 2,95 > 1,10

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tension strength Ry = 32906 kN/m

Force in reinforcement Fy, = 7,88 kKN/m Slope Stab_i“t.'i’ verification (Bishop) )

Safety factor = 4,18 > 1,10 Sum of actw.e forces: Fz= 780,47 kl"\l_erm

Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 119543 kN/m
Sliding moment : Mz = 339653,14 kMm/m

Check for pull out resistance (reinforcement No.32) Resisting moment : Mp = 3466710 kNm/m

Pull out resistance Tp = 1719 kN/m Factor of safety = 1,32 » 1,10

Force in reinforcement Fe = 7,88 kN/m Slope stability ACCEPTABLE

Safety factor= 2,18 = 1,10
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Crwerall nermal force acting on reinforcernent = 1173,81 kN/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along geo-reinforcement = 575,34 kMN/m
Wall resistance = 0,00 kM/m
Owerall bearing capacity of reinforcernents = 0,00 kMN/rn
Check for slip:

Resisting horizental force Heee = 375,34 EM/m

Active horiz. force Hzer = 202,47 kMN/m

Factor of safety = 2,84 > 1,10
Slip along geotextile is SATISFACTORY
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Tablo B.15 H=8 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Orta Siki Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 3051,72 kNm/m

. Eccentric o
Overturning moment Mg,y = 736,97 kMNm/m ccentricity verification

Mazx. eccentricity of normal force e = 0,043
Maximum allowable eccentricity e, = 0450

safety factor = 6,67 > 1,30 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY
Verification of bearing capacity

Max. stress at footing bottom g = 160,87 kPa
Bearing capacity of foundation soil Rg = 906,10 kPa

Safety factor = 5,63 » 1,50
Bearing capacity of foundation soil is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 597,28 kKN/m
Active horizontal force  Haee = 202,67 kKM/m

Safety factor = 2,95 = 1,10
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tension strength Fi = 66,26 kN/m

Forcein reinforcement Fy = 7,88 kN/m Slope stability verification (Bishop)

Safety factor = 8,41> 1,10 Sum of active forces:  Fo= 92404 kMN/m

Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 1670,25 kN/m
Sliding moment : Mz= 6042033 kNm/m

Check for pull out resistance (reinforcement No.32) Resisting moment : Mg = 102553,18 kNm/m

Pull out resistance Tp = 2210 kN/m Factor of safety = 1,70 > 1,10

Force in reinforcement Fy = 7,88 kM/m Slope stability ACCEPTABLE

Safety factor = 2,81 > 1,10
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Cwerall normal force acting on reinforcement = 1173,81 kN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance along geo-reinforcement = B57,533 kN/m
Wall resistance = 0,00 kM/m
Cwerall bearing capacity of reinforcements = 0,00 kNS

Check for slip:

Resisting horizontal force Hyes
Active horiz. force Hzet
Factor of safety = 3,25 > 1,10
Slip along geotextile is SATISFACTORY

657,53 kMN/m
202,41 kMN/m
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Tablo B.16 H=8 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Siki Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 3321,36 kMNm/m
Overturning moment Mgy = 673,99 kNm/m

Safety factor = 7,90 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hiez = 813,34 kMN/m
Active horizontal force Hzer = 177,35 kMN/m

Safety factor = 3,47 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e 0,032
Maxirnum allowable eccentricity eany = 0,430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g = 16574 kPa
Bearing capacity of foundation seil Ry = 907,20 kPa

Safety factor = 5,47 > 1,50
Bearing capacity of foundation seil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tensien strength Bi = 26,88 kMN/m

Force in reinforcement Fe = 728 kN/m

Safety factor = 3,60 = 1,10

Reinforcemnent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.32)
Pull out resistance Tp = 20,68 kN/m

Slope stability verification (Bishop)
Sum of active forces:  Fo= 777,39 kMN/m
Sum of passive forces: Fp = 128633 kN/m

Sliding moment : Mz = 45795,78 kNm/m
Resisting moment : Mg = 7378046 khNm/m
Factor of safety = 1,65 = 1,10

Force in reinforcement F = 7,28 kN/m

Safety factor= 2,84 = 1,10
Reinforcernent for pull out resistance is SATISFACTORY

Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 90,00 *
Owerall normal force acting on reinforcement = 123947 kM/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance along geo-reinforcement = 62402 kM/m
Wall resistance = 0,00 kM/m
Owerall bearing capacity of reinforcernents = 0,00 kMN/m

Check for slip:
Resisting horizontal force Hpgs
Lctive horiz. force Hact

Factor of safety = 3,532 = 1,10
Slip along geotextile is SATISFACTORY

624,02 kMN/m
177,32 kM/m

181




Tablo B.17 H=8 m, s,=0.25 m, L/H=1, Notex C PVA donatisi ve Siki Kum dolgu
zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 3321,36 EMm/m

Overturning moment Mgy, = 673,99 kNm/m Eccentricity verification

Max. eccentricity of normal force e = 0,032
Maxirmurn allowable eccentricity ez, = 0,450

=7
safety factor = 7,30 > 1,30 Eccentricity of the normal force is SATISFACTORY

Wall for overturning is SATISFACTORY

. Verification of bearing capacity
E:;::i(nfﬂLil:guntalfnrce Ho_. = 61554 kN/m Max. stress at footing bottom g = 16574 kPa
g ' : Bearing capacity of foundation soil Ry = 907,20 kPa

Active horizontal force Hzpp = 177,55 kN/m
Safety factor = 547 » 1,50

Safety factor = 347 > 1,10 Bearing capacity of foundation seil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tensicn strength Ry = 32,96 kM/m

Force in reinforcernent Fy = 7.28 kN/m Slope stability verification (Bishop)

Safety factor = 453 » 1,10 Sum of actw.e forces:  Fz= 773,37 kMN/m

Reinforcement for tensile strength is SATISFACTORY sumn of passive forces: Fp= 134196 kN/m
Sliding morment : Mz = 32775,36 kMNm/m

Check for pull out resistance (reinforcement No.32) Resisting moment : Mg = 5687214 kNm/m

Pull out resistance Ty = 2412 kN/m Factor of safety = 1,74 > 1,10

Force in reinforcement F, = 7,28 kN/m Slope stability ACCEPTAELE

Safety factor=3,31> 1,10
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Crwerall normal force acting on reinforcement = 123547 kN/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along gec-reinforcement = 728,03 kN/m
Wall resistance = 0,00 kMN/m
Orwerall bearing capacity of reinforcements = 0,00 kMSm

Check for slip:
Resisting horizontal force Hyes
Active horiz. force Hzrt

Factor of safety = 4,11 = 1,10
Slip along geotextile is SATISFACTORY

728,03 kN/m
177,32 kN/m
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Tablo B.18 H=8 m, 5,=0.25 m, L/H=1,

Paragrid donatisi ve Siki Kum dolgu

zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 3321,36 kMm/m
Owerturning moment Mg, = 673,99 kMm/m

Safety factor = 7,90 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpe:
Active horizontal force Haet

615,534 kN/m
177,55 kN/m

Safety factor = 3,47 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e
Maximurn allowable eccentricity ez,

0,032
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom o
Eearing capacity of foundation soil Ry
Safety factor = 5,47 = 1,50

Eearing capacity of foundation soil is SATISFACTORY

165,74 kPa
907,20 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.32)
Tension strength Ry = 606,20 kN/m

Force in reinforcement Fy 7.28 kN/m

Safety factor = 9,10 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.32)
Pull out resistance Tp = 31,01 kN/m

Forcein reinforcement Fy, = 728 kN/m

Safety factor= 4,26 = 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 104022 kMN/m
Sum of passiveforces: Fp= 207628 kM/m

Mz= 6347397 kNm/m
Resisting moment: Mg = 12668456 kNm/m
Factor of safety = 2,00 = 1,00
Slope stability ACCEPTABLE

Sliding moment :

ICSEL KAYMA

Check for slip along geo-reinforcement with
Inclination of slip surface
Crverall nermal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crverall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Higs
Active horiz, force Hazct

Factor of safety = 4,69 > 1,10
Slip along geotextile is SATISFACTORY

822,02 kN/m
177,32 kN/m

the maximal utilization (Reinforc. No.: 1)
Q0,00 =
1239.47 kMN/m
0,80
832,03
0,00
0,00

kM m
kM/m
kM m
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Tablo B.19 H=10 m, s,=0.25 m, L/H=1, Geoter F PVA donatis1 ve Gevsek Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability

Resisting moment Mz = 9311,94 kKNm/m Eccentricity verification
Owverturning moment Mgy, = 1659,08 kNm/m Max. eccentricity of normal force & = 0,058
Maximum allowable eccentricity ez = 0,430
Safety factor = 5,61 = 1,50 Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY
Verification of bearing capacity
Check for slip Max. stress at footing bottom g = 19583 kPa
Resisting horizontal force Hees = 731,39 kN/m Bearing capacity of foundation soil Ry = 915,70 kPa
Active horizontal force zct = 30018 kKN/m Safety factor = 4,68 > 1,50

Bearing capacity of foundation soil is SATISFACTORY
Safety factor = 2,09 = 1,10
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength Ry = 26,88 kN/m

Forcein reinforcement F = 10,98 kN/m Slope stability verification (Bishop)
Safety factor= 245> 1,10 Sumn of activeforces:  Fz=  108%,09 kMN/m
Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 132291 kM/m

Sliding mement : Mz = 6114166 kMm/m
Resisting moment : Mp = 74268,12 kNm/m
Factor of safety = 1,21 = 1,10
Slope stability ACCEPTABLE

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 12,61 kN/m

Force in reinforcement Fy, = 10,68 kN/m

Safety factor= 1,18 = 1,10

Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Crverall normal force acting on reinforcement = 172920 kMN/m
Coefficient of reduction of slip along geo-textile = 0,60
Resistance aleng gec-reinforcement = 59901 kM/m
Wall resistance = 0,00 kMN/m
Owerall bearing capacity of reinforcements = 0,00 kM/m
Check for slip:

Resisting horizontal force Hyee = 599,01 KMNSm

Active horiz. force Hzet = 359,80 kM/m

Factor of safety = 1,66 > 1,10
Slip along geotextile is SATISFACTORY
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Tablo B.20 H=10 m, s,=0.25 m, L/H=1, Notex C PVA donatisi ve Gevsek Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mree = 9311,94 kMNm/m Eccentricity verificati
. . ccentricity verification
Overturning moment Mgy = 1658,08 kNm/m Max. eccentricity of normal force e = 0,058
Maximum allowable eccentricity eg = 0,430

Safety factor = 5,61 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpes =
Active horizontal force Hze =

Safety factor = 2,09 > 1,10
Wall for slip is SATISFACTORY

751,59 kMN/m
360,18 kMN/m

Eccentricity of the nermal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottem g = 19583 kPa
Bearing capacity of foundation soil Ry = 915,70 kPa

Safety factor = 4,68 » 1,50
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength Ri = 3296 kMN/m

Force in reinforcement Fy, = 10,96 kN/m

Safety factor = 3,01 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 1471 KN/m

Force in reinforcement F, = 10,68 kN/m

Safety factor=1,38> 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 118743 kMN/m
Surmn of passive forces: Fp=  1310,65 kN/m

Sliding mement : Mz = 6866898 kNm/m
Resisting moment : Mp = 8736107 kNm/m
Factor of safety = 1,27 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Owerall normal force acting on reinforcement
Ceoefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Owerall bearing capacity of reinforcements

Check for slip:

Resisting heorizontal force Hpgs
Active honz. force Hact
Factor of safety = 1,84 = 1,10
Slip along geotextile is SATISFACTORY

698,85 kN/rm
358,80 kM/m

90,00
1729,20
0,70
698,85
0,00
0,00

kM m

kN_.-’r‘n
kM
kM
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Tablo B.21 H=10 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Gevsek Kum dolgu

zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment ez = 9311,%4 kMNm/m
Overturning meoment Mgy, = 1653028 kMNm/m

Safety factor = 5,61 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hie:
Active horizontal force Hzg

751,59 kMN/m
360,18 kMN/m

Safety factor = 2,09 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Mazx. eccentricity of normal force e 0,058
Maxirum allowable eccentricity eg,, = 0450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Maz. stress at footing bottom g
Bearing capacity of foundation soil Ry
Safety factor = 4,68 > 1,50

Bearing capacity of foundation soil is SATISFACTORY

195,83 kPa
915,70 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.3)
Tension strength R: = 66,26 kMN/m

Force in reinforcement Fe = 10,96 kKN/m

Safety factor = 6,04 = 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance Te = 1891 kN/m

Force in reinforcement B = 10,68 kMN/m

Safety factor = 1,77 = 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz=  1309,34 kMN/m
Sum of passiveforces: Fp= 214033 kM/m

Sliding moment : Mz = 12722414 kMm,/m
Resisting moment:  Mp= 130383,92 kNm/m
Factor of safety = 1,42 = 1,10

Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface

Cwerall normal force acting on reinforcement
Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Cherall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hres
Active horiz. force Hzet

Factor of safety = 2,22 » 1,10
Slip along geotextile is SATISFACTORY

798,68 kM/m
359,80 kN/m

90,00 *
1729,20 kN/m
0,30
798,68 kMN/m
0,00 kN/m
0,00 kN/m
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Tablo B.22 H=10 m, s,=0.25 m, L/H=1, Geoter F PVA donatis1 ve Orta Siki

Kum dolgu zemini i¢in Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mgz = 98066,90 kMNm/m
Overturning moment Mg, = 147244 kNm/m

Safety factor = 6,67 = 1,30
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizental force Heee = 721,03 EN/m
Active horizontal force Hzee = 316,77 kKN/m

Safety factor = 2,47 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Maz, eccentricity of normal force e = 0,043
Maximum allowable eccentricity eg, = 0,430

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bottom g
Bearing capacity of foundation soil Ry
Safety factor = 4,56 = 1,50

Bearing capacity of foundation soil is SATISFACTORY

201,08 kPa
817,30 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tension strength R: = 26,88 kN/m

Force in reinforcement F, = 9,83 kN/m

Safety factor = 2,74 = 1,10

Reinforcernent for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance T = 1830 kN/m

Force in reinforcement Fy, = 923 kN/m

Safety factor = 1,86 = 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz=  1153,38 kN/m
Sum of passiveforces: Fp= 1387,00 kN/m

Sliding roment: Mz = 113722984 kMNmim
Resisting moment: Mg = 15746412 khm/m
Factor of safety = 1,38 > 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of slip surface
Creerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Crerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Higs
Active horiz. force Hzet
Factor of safety = 2,44 = 1,10
Slip along geotextile is SATISFACTORY

770,77 kN/m
316,44 kN/m

90,00 *

183463 kN/m
0,60

770,77 kN/m
0,00 kMN/m
0,00 kN/m
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Tablo B.23 H=10 m, s,=0.25 m, L/H=1, Notex C PVA donatis1 ve Orta Siki Kum
dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 9806,30 kMm/m

Overturning moment Mgy = 147844 kNm/m Eccentricity verification

Mazx. eccentricity of normal force & = 0,043

Safety factor = 6,67 > 1,50 Maximum allowable eccentricity e, = 0,430

Wall for overturning is SATISFACTORY Eccentricity of the normal force is SATISFACTORY

Check for slip Verification of bearing capacity

Resisting horizontal force Heee = 781,03 kN/m Maxj stress atfnntmg bnttnm o= 201,09 kPa

Active horizontalforce  Hax = 318,77 KN/m Bearing capacity of foundation scil Ry = 917,50 kPa
i Safety factor = 4,56 > 1,50

Safety factor = 247 > 1,10 Bearing capacity of foundation soil is SATISFACTORY

Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tension strength F: = 32,90 kM/m

Forcein reinforcement Fyy = 983 kN/m Slope stability verification (Bishop)

Safety factor = 3,35 > 1,10 Sum of acti*.rle forces:  Fz= 117660 kN/m

Reinforcerent for tensile strength is SATISFACTORY Surn of passive forces: Fp= 1762,96 kN/m
Sliding moment : Mz = 1427910,25 kNm/m

Check for pull out resistance (reinforcement No.40) Resisting moment: M = 213935201 kNm/m

Pull out resistance Tp = 21,35 kN/m Factor of safety = 1,50 > '|P1D '

Force in reinforcement F, = 9,83 kN/m Slope stability i‘«CCrEF'T:ikEIf_E

Safety factor = 2,17 = 1,10
Reinforcement for pull out resistance is SATISFACTORY

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface = 9000 °
Crverall nermal force acting on reinforcernent = 183463 kMN/m
Coefficient of reduction of slip along geo-textile = 0,70
Resistance along geo-reinforcement = 899,23 kM/m
Wall resistance = 0.00 kM/m
Crverall bearing capacity of reinforcements = 0,00 kMN/m
Check for slip:

Resisting horizental force Hiee = 299,23 kMN/m

Active horiz, force Hzet = 316,44 kM/m

Factor of safety = 2,84 = 1,10
5lip along geotextile is SATISFACTORY
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Tablo B.24 H=10 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Orta Sik1 Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 9866,90 kMm/m
Owerturning moment Mgy, = 147844 kMm/m

Safety factor = 6,67 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hpe =
Active horizontal force

781,03 kMN/m
36,77 kMN/m

aCt

Safety factor = 247 = 1,10
Wall for slip is SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e =
Maximum allowable eccentricity ez, =

0,042
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom o = 201,09 kPa
Bearing capacity of foundation soil Ry = 917,50 kPa

Safety factor = 4,56 > 1,50
Bearing capacity of foundation soil is SATISFACTORY

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tension strength B = 66,26 kM/m

Force in reinforcement Fy = 983 kN/m

Safety factor = 6,74 = 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 2745 kN/m

Force in reinforcement Fy = 983 kM/m

Safety facter= 279> 1,10

Reinfercement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fz= 148561 kN/m
Sum of passive forces: Fp= 248305 kN/m

Sliding mement: Mz = 106023,97 kNm/m
Resisting moment: My = 17683177 kNm/m
Factor of safety = 1,67 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Owerall normal force acting on reinforcem

Ceefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance

ent

Owerall bearing capacity of reinforcements

Check for slip:

Resisting horizontal force Hyes
Bctive horiz. force Haet
Factor of safety = 3,25 > 1,10
Slip along geotextile is SATISFACTORY

102770 kMN/m
316,44 kM/m

90,00 =

1834,63 kMN/m
0,30

027,70 kM/m
0,00 kMN/m
0,00 kM/rm
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Tablo B.25 H=10 m, s,=0.25 m, L/H=1, Geoter F PVA donatisi ve Siki Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU
Check for overturning stability
Resisting moment Mz = 1039368 kMm/m Eccentricity verification
Owerturning moment Mgy, = 131639 kNm/m Max. eccentricity of normal force € = 0,032

Safety factor = 7,90 = 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Heee = 805,78 kN/m
Active horizontal force Hzpe = 277,30 kKN/m

Safety factor = 2,90 = 1,10
Wall for clip is SATISFACTORY

Maximum allowable eccentricity esy = 0,430
Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max, stress at footing bottom g
Bearing capacity of foundation seil Ry
Safety factor = 444 > 1,50

Bearing capacity of foundation soil is SATISFACTORY

207,17 kPa
918,00 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tensien strength B = 26,88 kN/m

Force in reinforcement Fy, = 908 kN/m

Safety factor = 296 = 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 2371 kh/m

Force in reinforcement By, = 908 kN/m

Safety factor= 2,83 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fo = 112473 kN/m
Sum of passive forces: Fp= 174585 kN/m

Sliding moment : Mz = 22701472 kNm/m
Resisting moment: My = 333210,84 kNm/m
Factor of safety = 1,56 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. No.: 1)

Inclination of slip surface
Chverall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along gec-reinforcement
Wall resistance
Cwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Heee = 975,32 KMNSm
Active horiz, force Hzet = 277,21 kMN/m

Factor of safety = 3,32 = 1,10
Slip along geotextile is SATISFACTORY

90,00 *

1937.24 kN/m
0,60

975,32 kMN/m
0,00 kN/m
0,00 kN/m
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Tablo B.26 H=10 m, s,=0.25 m, L/H=1, Notex C PVA donatis1 ve Siki Kum

dolgu zemini icin Dinamik analiz sonug ¢iktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME

TASIMA GUCU

Check for overturning stability
Resisting moment Mree = 1039368 kKMm/m
Overturning moment Mgy, = 1316,39 kNm/m

Safety factor = 7,90 > 1,50
Wall for overturning is SATISFACTORY

Check for slip
Resisting horizontal force Hees =
Active horizontal force Hagt

803,78 kN/m
277,50 kN/m

Safety factor = 2,90 > 1,10
Wall for slip iz SATISFACTORY

Eccentricity verification
Max. eccentricity of normal force e =
Maximum allowable eccentricity eg, =

0,032
0,450

Eccentricity of the normal force is SATISFACTORY

Verification of bearing capacity
Max. stress at footing bettom o
Bearing capacity of foundation soil Ry
Safety factor = 4,44 = 1,50

Bearing capacity of foundation soil is SATISFACTORY

0717 kPa
919,00 kPa

KOPMA VE SIYRILMA

TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tension strength Ri = 32,96 kM/m

Force in reinforcement F, = 9,08 kMN/m

Safety factor = 3,63 > 1,10

Reinforcement for tensile strength is SATISFACTORY

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 2599 kN/m

Force in reinforcement F, = 908 kN/m

Safety factor = 3,30 > 1,10

Reinforcement for pull out resistance is SATISFACTORY

Slope stability verification (Bishop)
Sum of active forces:  Fo= 121929 kN/m
Sum of passiveforces: Fp= 202214 kN/m

Sliding moment : Mz = 10446862 kMNm/m
Resisting moment: My = 17323693 khm/m
Factor of safety = 1,66 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of ship surface

Owerall normal force acting on reinforcement

Coefficient of reduction of slip along geo-textile

Resistance along geo-reinforcement
Wall resistance
Crwerall bearing capacity of reinforcements

Check for slip:
Resisting horizontal force Hies
Active horiz, force Hazrt

Factor of safety = 4,10 = 1,10
5lip along geotextile is SATISFACTORY

113788 kN/m
27721 kMN/m

90,00 *

1937,24 kN/m
0,70

1137.88 kN/m
0,00 kN/m
0,00 kN/m

191




Tablo B.27 H=10 m, s,=0.25 m, L/H=1, Paragrid donatisi ve Siki Kum dolgu
zemini i¢in Dinamik analiz sonuc ciktilar1 (GEO5 - MSE Wall)

DEVRILME VE OTELENME TASIMA GUCU

Check for overturning stability
Resisting moment Mz = 1039368 kMm/m Eccentricity verification

Overturning moment Mgy = 1316,39 kNm/m Max. eccentricity of normal force e = 0,032
Maximum allowable eccentricity eq, = 0,430

safety factor = 7,90 > 1,50 Eccentricity of the normal force is SATISFACTORY
Wall for overturning is SATISFACTORY

. Verification of bearing capacity
Chf-.'d.‘ for 5"_P Mazx. stress at footing bottom g = 20717 kPa
Resisting horizontal force Hye: = 805,78 kN/m Bearing capacity of foundation soil Ry = 919,00 kPa

Active horizontal force sct = 207,90 kM/m

Safety factor = 444 = 1,50

Bearing capacity of foundation soil is SATISFACTORY
Safety factor = 2,90 = 1,10
Wall for slip is SATISFACTORY

KOPMA VE SIYRILMA TOPTAN GOCME

Check for tensile strength (reinforcement No.40)
Tension strength R = 66,26 kMN/m

Forcein reinforcement Fe = 08 kN/m Slope stability verification (Bishop)

Safety factor = 7,30 = 1,10 Sum of active forces:  Fz= 739336 kMN/m

Reinforcement for tensile strength is SATISFACTORY Sum of passive forces: Fp= 13600,80 kN/m
Sliding morment : Mz = 41957296 kMm/m

Check for pull out resistance (reinforcement No.40)
Pull out resistance Tp = 38,36 kN/m

Force in reinforcement F, = 9,08 kN/m

Safety factor = 425> 1,10

Reinforcement for pull out resistance is SATISFACTORY

Resisting moment: Mg = 77184368 kNm/m
Factor of safety = 1,84 = 1,10
Slope stability ACCEPTABLE

ICSEL KAYMA

Check for slip along geo-reinforcement with the maximal utilization (Reinforc. Mo.: 1)

Inclination of slip surface = 90,00 "
Crwerall nermal force acting on reinforcement = 18937,24 kMN/m
Coefficient of reduction of slip along geo-textile = 0,80
Resistance aleng geo-reinforcement = 1300,43 kMN/m
Wall rezistance = 0.00 kM/m
COwverall bearing capacity of reinforcements = 0,00 kMSm
Check for slip:

Resisting horizontal force Hee = 130043 kMN/m

Active horiz, force Haet = 277,21 kMN/m

Factor of safety = 4,68 = 1,10
Slip along geotextile is SATISFACTORY
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Tablo B.28 H=6 m ve s,=0.25 m i¢in sismik analiz sonuclari

Tablo B.29 H=6 m ve s,=0.4 m i¢in sismik analiz sonuclari
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Tablo B.30 H=6 m ve s,=0.8 m i¢in sismik analiz sonuclar1
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Tablo B.32 H=8 m ve s,=0.4 m icin sismik analiz sonuclar1

Tablo B.33 H=8 m ve s,=0.8 m i¢in sismik analiz sonuclar1
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Tablo B.34 H=10 m ve s,=0.25 m icin sismik analiz sonuglari
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Tablo B.36 H=10 m ve s,=0.8 m i¢in sismik analiz sonuglari

197



TEZDEN URETILMIS YAYINLAR

Konferans Bildirileri

1. Kaplan, K. ve Tonaroglu, M. (2022). Geotekstil donatil duvarlarm nimerik
analizi. Ege /. Uluslararasi Uygulamali Bilimler Kongresi, 541-555, Izmir.

198





