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Sayēn Rektºrler, Sayēn Dekanlar, Deĵerli ¥ĵretim ¦yesi Arkadaĸlarēm ve Meslektaĸlarēm, 

¢ok Sevgili Eski ve Yeni ¥ĵrencilerim, Saygēdeĵer Konuklar- hepinizi saygē ve sevgi ile 

selamlēyorum. 

Burada olmanēzdan b¿y¿k mutluluk duyduĵumu belirtirken, teĸekk¿r ve minnet 

duygularēmē ifade etmek istiyorum. Hepiniz saĵ olun, var olun! 

Toplantēnēn baĸēnda sºz alan Yēldēz Teknik ¦niversitesiônin deĵerli yºneticilerine hakkēmda 

ifade ettikleri olumlu d¿ĸ¿nceler iin ok teĸekk¿r ediyorum. 

Toplantēyē d¿zenleyen arkadaĸlarēmēn hazērladēklarē resimler eĸliĵinde ve sunuĸ d¿zeni 

iinde sºz alan ok deĵerli dostlarēm, benim hayatēmdan kesitleri ok g¿zel ve hak ettiĵimden 

emin olamadēĵēm derecede ºv¿c¿ sºzler ile sizlere aktardēlar, hepsine ok teĸekk¿r ediyorum.  

B¿t¿n bu hakkēmda sºylenenlerden sonra ben d¿ĸ¿ncelerimi ifade etmekte zorlanacaĵēm. 

Herhalde ilk sºylemem gereken, hayatēn her aĸamada bana ok iyi davrandēĵē, ok ĸanslē bir insan 

olduĵum, ailemle, yakēnlarēmla ve sizler gibi dostlarla birlikte bug¿ne kadar saĵlēklē ve mutlu bir 

yaĸam s¿rd¿ĵ¿m iin Tanrēôya ĸ¿kretmek olmalē. Bu ºzel g¿n¿mde, rahmetli babam ve ok yakēn 

zamanda kaybettiĵim aĵabeyim Oktay ¥zaydēnôēn bunu paylaĸamamasēna ¿z¿l¿yorum. Sevgili 

Oktay b¿t¿n yaĸamēm boyunca olduĵu gibi bug¿n de burada benim yanē baĸēmda olmalē idi, 

umarēm bir yerlerden bizi gºr¿yor ve hissediyordur. Sevgili anneciĵim ise saĵlēk durumu bu t¿r 

uzun toplantēlarē kaldērabilecek d¿zeyde olmadēĵē iin aramēzda deĵil, kendisine buradan sevgi ve 

saygēlarēmē yolluyorum, umarēm burada yapēlan video kaydēnē kendisine seyrettirebilirim. 

Geriye dºn¿p baktēĵēmda, yaĸamēm boyunca yaptēĵēm iĸlerden genel olarak mutluluk 

duyduĵumu ve tatmin olduĵumu gºr¿yorum. Ķnsanlar bana iyi davrandē, ben de iĸimi elimden 

geldiĵince iyi yapmak ve sorumluluklarēmē yerine getirmek gayreti iinde oldum, bazen kērēcē-

incitici davranēĸlarēm olduĵunda yakēnlarēm-dostlarēm iyi niyetimden ĸ¿phe etmeyerek hep 

hoĸgºr¿l¿ davrandē. B¿t¿n bunlar benim ĸanslē bir insan olduĵumu gºsteriyor.  

Bu salonda beni 11 yaĸēmdan beri tanēyan arkadaĸlarēm yanēnda, yaĸamēmēn deĵiĸik 

aĸamalarēnda pek ok ĸeyi paylaĸtēĵēm ok sayēda dost ve arkadaĸ bulunuyor, hepsine hem 
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paylaĸtēĵēmēz mutluluklar hem de bug¿n burada olduklarē iin ok teĸekk¿r ediyorum. Hepinizi 

ok seviyorum, saĵ olun- var olun. 

Emekliliĵe ayrēlmalarē vesilesi ile d¿zenlenen tºrenlerde, katēlēmcēlar emekliye ayrēlan yaĸlē 

insanlardan herhalde bazē anēlar yanēnda, hayata bakēĸlarē, meslekleri ve deneyimlerine iliĸkin bazē 

gºr¿ĸ ve deĵerlendirmeler duymak isterler.  Fakat bizim gibi mesleĵi ñanlatmakò olan insanlar iin 

bile bºyle bir g¿nde, nasihat ediyor havasē yaymadan, gºr¿ĸlerini ifade etmenin ok kolay 

olmadēĵēnē yaĸayarak ºĵreniyorum.  

Herhalde ºncelikli olarak kendi yaĸam felsefem ve mesleĵime bakēĸ aēma iliĸkin bazē 

d¿ĸ¿ncelerimi sizinle paylaĸmam uygun olacaktēr diye d¿ĸ¿n¿yorum. Belki de Anadoluônun tam 

ortasēnda, geniĸ ovalarēn merkezinde yer alan ve Anadolu Seluklu Ķmparatorluĵuôna baĸkentlik 

etmiĸ, baĵrēnda Mevlanaôyē barēndan Konyaôda doĵmuĸ ve ilk genlik yēllarēnē geirmiĸ olmamēn 

etkileri altēnda kiĸiliĵim oluĸmaya baĸladē. Aile ortamēnēn g¿ven veren atmosferi ve yatēlē okulda 

edinilen sēcak arkadaĸlēklarēn etkisi altēnda oluĸan kiĸiliĵimin ºnemli bir parasēnēn kendime g¿ven 

duygusunun geliĸmesi olduĵunu d¿ĸ¿n¿yorum. Ķnsan genliĵinde pek fark etmediĵi bu duygunun 

ne kadar ºnemli olduĵunu ºzellikle yurt dēĸē ortamlarēnda daha iyi anlēyor. Dolayēsēyla, genlere ilk 

ºnerim ocuklarēnēzē kendine g¿ven duygusu geliĸmiĸ olarak yetiĸtirmeye gayret edin. 

Ķlk ve orta ºĵretim dºnemlerime iliĸkin bazē olumlu-olumsuz saptamalarēmē ise ĸºyle ifade 

edebilirim: Aĸērē rekabet duygusunun kiĸilikleri ezmediĵi ve insanlarē psikolojik baskē altēna 

almadēĵē bir ortamda yetiĸmenin olumlu yansēmalarēnē yaĸamēm boyunca hissettim. Burada 

kastettiĵim sadece ders alēĸma-y¿ksek not alma baskēsē deĵil, aynē zamanda ok baĸarēlē sporcu 

olma beklentisi, karĸē cinsin gºz¿nde ok ekici ve pop¿ler olma duygusu, herkesten farklē ve iyi 

giyinme hevesi gibi genleri yetiĸme aĵēnda psikolojik olarak ok olumsuz etkileyebilecek 

baskēlardan olduĵunca uzak bir ortamda yetiĸmiĸ olmanēn bir nimet olduĵunu daha sonraki yēllarda 

farkettim. Bizim ortamēmēzda ok alēĸmak ve y¿ksek not almak zaten ayēp karĸēlanērdē, beden 

eĵitimi dersinden ikmale kalmak eĵlenceli bir durum olarak kabul edilirdi, hemen hemen hi 

birimizin kēz arkadaĸē yoktu ve hepimiz aynē ¿niforma kēyafet ile dolaĸērdēk! Benim olumlu bir 

ortamēn unsurlarē olarak tanēmladēĵēm bu durumlarēn bug¿n ne kadar geerli olduĵunu sizlerin ve 

gen anne-babalarēn takdirine bērakēyorum. 

Ne derece ºyledir bilmiyorum ama bu ortamēn olumsuz addedilebilecek tarafē ise, modern 

kapitalist toplumun aradēĵē derecede rekabeti kiĸiliklerin geliĸmesini engellemesi olarak 

d¿ĸ¿n¿lebilir. Gen beyinlerin daha rekabeti bir ortam iinde, daha fazla alēĸmaya ve kendini 

zorlamaya teĸvik edilmesi, herhalde ileriki yēllarda sadece daha becerikli iĸ adamlarē deĵil, aynē 

zamanda daha iddialē bilim, sanat ve spor insanlarēnēn yetiĸmesi olasēlēĵēnē artērēcē bir etki 

yaratabilmektedir. Bunlardan (olumlu-olumsuz olanlardan) hangisinin daha baskēn olduĵuna karar 

verebilmek benim bilgi daĵarcēĵēmē aĸmaktadēr.   

Benim insanlarda deĵer verdiĵim ºnemli ºzelliklerden birisinin sorumluluk duygusunun 

geliĸmiĸ olmasē olarak ifade edebilirim.  Her yaĸta insan iin geerli olduĵunu d¿ĸ¿nd¿ĵ¿m bu 

olumlu ºzelliĵin insanlarēn gerek yakēn evresi iinde gerekse toplumun genelinde kazanacaĵē 

g¿venirlilikle de yakēndan iliĸkili olduĵunu d¿ĸ¿n¿yorum. Burada g¿venirlilik konusunu biraz 

amak gerekirse, benim kastettiĵim her insan olmasē gereken ama maalesef g¿n¿m¿zde meziyet 

olarak zikredilen namuslu ve d¿r¿st olmanēn ºtesinde. Ķnsanēn dili, davranēĸē, duruĸu, diĵer 

insanlarla iliĸkileri gibi konularda g¿venilir olmasē benim kastettiĵim. Ve bunun sorumluluk 

duygusu ile yakēndan iliĸkili olduĵunu d¿ĸ¿n¿yorum. Sorumluluk sahibi olmayē sadece yakēn 

evresine ve iĸine karĸē deĵil, aynē zamanda ¿lkesine, insanlara ve genel olarak evrensel deĵerlere 

karĸē da sorumluluk olarak hissetmek, kendi ¿st¿ne d¿ĸen gºrev ve sorumluluklarē elinden 

geldiĵince en iyi yerine getirmeye alēĸmak olarak deĵerlendiriyorum. Ve bu ºzelliklere sahip bir 

insanēn aynē zamanda g¿venilir bir insan olacaĵēnē d¿ĸ¿n¿yorum. 

Kendi mesleĵimizle ilgili ºrnekleme yapmak gerekirse, bir ºĵretim elemanē ºĵrencilerine 

her ortamda bilgisini ve deneyimlerini aktarmak iin elinden gelenin en iyisini yapmalē, deĵiĸik 
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mazeretler arkasēna sēĵēnarak sorumluluklarēndan kamamalē diye d¿ĸ¿n¿yorum. Ķster lisans, ister 

lisans¿st¿ d¿zeyde dersler olsun, isterse tez yºnetimi, her ºĵretim elemanēnēn, karĸēsēndaki 

ºĵrencinin onun ¿zerinde hakkē olduĵunun bilincinde olmasē, onun yaĸamēnda belki de ilk ve son 

defa sahip olacaĵē belirli bir konuyu ºĵrenme hakkēnē engellemenin vebalinin b¿y¿k olacaĵēnē 

aklēndan ēkarmamasē gerektiĵine inanēyorum.   

Sorumluluk duygusu aynē zamanda insanlarē talip olacaklarē gºrevler ve makamlar 

aēsēndan da sēnērlayan, tekrar tekrar d¿ĸ¿nmeye yºnlendiren bir duygu olarak deĵerlendirilebilir. 

Sorumlu bir insan ºnce kendi iĸini en iyi ĸekilde yapmalē, daha sonra baĸka gºrevlere talip olmalē 

diye d¿ĸ¿n¿yorum. Doĵrusunu isterseniz kendi iĸinde-mesleĵinde baĸarēlē olamamēĸ insanlarēn 

baĸkalarēnē, kurumlarē ve hatta ¿lkeyi idare etmeye soyunmalarēnē hibir zaman anlayamamēĸēmdēr. 

Ķnsanlarēn sahip olmayē en ok arzu ettikleri ºzellikler arasēnda herhalde herkes tarafēndan 

sevilme isteĵi ºnde gelir, ancak bunun bir reetesi olduĵunu d¿ĸ¿nm¿yorum. Herhalde g¿ler y¿zl¿ 

olmak, insanlarla iyi geinmek, onlarē kērmamaya alēĸmak, iyiliksever ve yardēmsever olmak gibi 

pek ok ºzellik sayēlabilir, ancak galiba insanlarē ayrēĸtērēcē deĵil birleĸtirici, dēĸlayēcē deĵil 

kucaklayēcē ve en ºnemlisi herkese karĸē adil olmak ok ºnemlidir diye d¿ĸ¿n¿yorum. 

Konuĸmamēn baĸēnda nasihat eder duruma d¿ĸmemeye gayret edeceĵimi sºylemiĸtim, ama 

konuĸma tam tersi yºnde geliĸti galiba. Onun iin bu genel d¿ĸ¿nce ve deĵerlendirmelere ek, 

mesleĵimize yºnelik bazē d¿ĸ¿ncelerimi sizlerle paylaĸmak istiyorum. Mesleĵim denince, ben 

ºĵretim ¿yesi ve aynē zamanda bir m¿hendis olmamē birinden pek ayrē d¿ĸ¿nm¿yorum. Bir 

ºĵretim ¿yesinin ºĵrencilerine karĸē sorumluluĵuna daha ºnce deĵinmiĸtim, ama bu konu ne kadar 

vurgulansa yeridir diye d¿ĸ¿n¿yorum. Doĵrusu ºĵrenciyi ve ders vermeyi sevmeyen bir insanēn bir 

ºĵretim kurumunda yeri olmamasē gerektiĵine inanēyorum. Bunun yanēnda bir ¿niversite ºĵretim 

¿yesinin mutlaka araĸtērmacē yºn¿n¿n de ºnemli olduĵuna, bunun iin araĸtērma projeleri iinde 

yer almasē, lisans¿st¿ tez yºnetimi ¿stlenmesi ve araĸtērma sonularēnē bilimsel yayēnlarda sunmasē 

gerektiĵine ĸ¿phe yok. Eĵitim-ºĵretim ve araĸtērma etkinlikleri yanēnda, ºzellikle m¿hendislik 

alanlarēnda, mesleki geliĸmeleri takip etmek ve uygulamalarēn iinde yer almak ta ºnem 

taĸēmaktadēr. Aslēnda bu 3 unsur, m¿hendislik dallarēnda iyi bir ºĵretim ¿yesi olmak iin gerekli 3 

sa ayaĵē ĸeklinde d¿ĸ¿n¿lebilir. Bunlar arasēnda dengeyi iyi kurmak ve ºncelik sērasēnē 

(eĵitim/ºĵretim-araĸtērma-uygulama) bozmamak ºnem taĸēmaktadēr. Ayrēca, bunlarēn birbiri ile 

geiĸli olmasē durumunda, hem araĸtērmalarēn daha uygulamaya/sanayiye yºnelik olmasē, hem de 

teknolojideki geliĸmelerin derslere/ºĵretime/araĸtērmaya aktarēlmasē aēlarēndan b¿y¿k yararlar 

saĵlanacaĵē aēktēr. ¦niversitemiz, son yēllarda sanayi- ¿niversite iĸbirliĵinin geliĸtirilmesi, 

teknoloji ¿reten bir ¿niversite olma doĵrultusunda ºnemli yatērēmlar ve atēlēmlar yapmaktadēr, 

umarēm ºn¿m¿zdeki yēllarda bunun olumlu sonularēna ulaĸēlacaktēr.  

Bu arada sēka yapēldēĵē gibi temel bilimlerin ºnemini gºz ardē etme tuzaĵēna d¿ĸmemek 

gerekmektedir. Temel bilimlerde geliĸmeler olmadan teknolojiden b¿y¿k sēramalar yapmak genel 

olarak m¿mk¿n olmamaktadēr. Ancak m¿hendislik, temel bilimleri teknolojiye dºn¿ĸt¿rmede 

ºnemli bir iĸlev ¿stlenmekle kalmamakta, aynē zamanda temel bilim araĸtērmalarēnē yºnlendirici 

olabilmektedir. 

Genel olarak inĸaat m¿hendisliĵi ve ºzel olarak geoteknik m¿hendisliĵi konularēnda 

d¿ĸ¿ncelerimi de kēsaca ifade etmek istiyorum. Ķnĸaat m¿hendisliĵi ilk bakēĸta olduka basit 

teknolojilere dayanan ve uygulanmasēnda uzman iĸ g¿c¿ne ihtiya olmayan bir meslek dalē olarak 

gºr¿lebilir. Bu algēda inĸaat m¿hendisliĵinin ilk bakēĸta sadece bina m¿hendisliĵi olarak 

d¿ĸ¿n¿lmesinin payē vardēr (ki son yēllarda inĸa edilen ok y¿ksek binalar gºz ºn¿ne alēndēĵēnda 

bunun da k¿¿msenecek bir iĸ olmadēĵē aēktēr). Ancak inĸaat m¿hendisliĵinin bina yapēmē 

ºtesinde, insanlarēn hemen hemen t¿m ihtiyalarēnē karĸēlamaya yºnelik alt yapē ve ¿retim 

tesislerinin yapēmēnda ºnemli bir iĸlevi olduĵu aēktēr. Diĵer taraftan, inĸaat m¿hendisliĵinin 

deĵiĸik ¿retim aĸamalarēnda gºrev alan elemanlarēn yeterli eĵitim ve uzmanlēk ehliyetine sahip 
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olmadēĵē gereĵini yadsēmak m¿mk¿n deĵildir ve maalesef bunun acē sonularēnē zaman zaman 

yaĸamaktayēz. 

Geoteknik m¿hendisliĵi inĸaat m¿hendisliĵinin ºnemli bir alt disiplinini oluĸturmaktadēr. 

Araĸtērma, yerinde test etme ve uygulamanēn en ok i ie olduĵu bir meslek dalē olduĵunu 

d¿ĸ¿nd¿ĵ¿m bu dalda, mesleki deneyimin ºnemini vurgulamak gerekmektedir. Bunun yanēnda, 

tasarēm ve uygulama aĸamalarēnēn her adēmēnda, objektif ve g¿venilir deĵerlendirme-denetim 

sistemlerinin iĸletilmesi b¿y¿k ºnem taĸēmaktadēr. Bazē olumsuz ºrnekler ve uygulamalarla 

karĸēlaĸēlsa da, genel olarak ¿lkemizde geoteknik m¿hendisliĵinin geliĸme seviyesinin ileri 

¿lkelerden ok geride olmadēĵēnē d¿ĸ¿n¿yorum. ¦lkemizde ve uluslararasē d¿zeyde T¿rk 

ĸirketlerince ¿stlenilen ok iddialē inĸaat projelerinde, en ileri geoteknik m¿hendisliĵi uygulamalarē 

hayata geirilebilmektedir. Bu t¿r teknolojileri uygulayan bazē firma temsilcilerinin de 

salonumuzda olduklarēnē biliyorum. Diĵer pek ok alanda olduĵu gibi, bizim alanēmēzda da 

uygulayēcē firmalarēn ¿niversitelerimizle daha sēkē iĸbirliĵi iinde olmalarē ve gen akademisyenlerin 

araĸtērma projelerine daha fazla destek olmalarē beklentimi iletmek istiyorum. Bu t¿r desteklerin 

orta-uzun vadede geri dºn¿ĸ¿n¿n, yapēlan yatērēmlarē fazlasē ile karĸēlayacaĵēna inanēyorum.  

¥zet olarak, inĸaat m¿hendisliĵi (ve geoteknik m¿hendisliĵinin) aĵlar boyunca insanlarēn 

her t¿rl¿ ihtiyacēnē karĸēlamaya yºnelik bir ñmedeniyet m¿hendisliĵiò olduĵunu, her uygulamanēn 

yaratēcēlēk ieren zevkli bir uĵraĸ olduĵunu d¿ĸ¿n¿yor ve geerliliĵini hibir zaman yitirmeyecek 

bu mesleĵi genlere tavsiye ediyorum. 

Bu vesile ile bir noktaya daha deĵinmem gerektiĵine inanēyorum. ¦niversite-sanayi iĸbirliĵi 

kapsamē iinde meslek odalarēnēn da ok ºnemli iĸlevler ¿stlenebileceĵi aēktēr. Yaĸam boyu 

meslek ii eĵitim, uygulama standartlarē ve yºnetmeliklerinin oluĸturulmasē, mesleki uzmanlēklarēn 

belgelendirilmesi ve uygulamalarēn denetlenmesi gibi birok konularda, ¿niversite-sanayi-meslek 

odasē ¿l¿s¿n¿n birlikte alēĸmasēnēn ok olumlu sonular vereceĵini d¿ĸ¿n¿yorum. Bu konuda 

inĸaat m¿hendisleri odasēnēn abalarēnē takdirle karĸēladēĵēmē belirtirken, kamu yºneticilerinin bu 

abalarē daha ok dikkate almasēnē ve daha yakēn iĸbirliĵine aēk olmalarēnē diliyorum. 

Konuĸmamē kendi kiĸisel deneyimlerime ve ºzellikle YT¦ôdeki akademik yaĸamēma iliĸkin 

bazē deĵerlendirmeler ile sonlandērmak istiyorum. Yurt dēĸēnda doktora derecesi aldēktan sonra 1,5 

yēl bir uzman danēĸmanlēk ĸirketinde alēĸēp, T¿rkiyeôye dºnd¿m. Yurda dºn¿ĸ kararēm, ABDôde 

iinde bulunduĵum sosyal ve maddi olanaklarē gºz ardē ederek alēnmēĸ bilinli bir tercihti ve deyim 

yerindeyse T¿rkiyeôde yaĸamak benim baĸka alternatifleri dēĸlayarak yaptēĵēm bir seimdi ve 

bundan hibir zaman piĸmanlēk duymadēm.  

Kasēm 1975ôde ĶT¦ôde akademik hayatēm baĸladē, gºrev aldēĵēm Maka Ķnĸaat 

Fak¿ltesiônde deĵiĸik ¿lke ve kurumlardan lisans¿st¿ derece almēĸ, iyi yetiĸmiĸ ve oĵunlukla aynē 

yaĸ gurubu iinde yer alan, gen-dinamik akademisyenlerle birlikte alēĸma ĸansēna sahip oldum. 

Ayrēca, bu gen akademisyenleri tam destekleyen ve onlara ºzg¿r bir ortamda alēĸma olanaĵē 

veren deĵerli hocalarēmēzē minnetle anmam gerekiyor (baĸta merhum Prof. Vahit Kumbasar olmak 

¿zere).  

ĶT¦ôde ok zevkli ve verimli geen 8 yēllēk alēĸma dºnemi sonrasēnda, 12 Eyl¿l 1980 

askeri darbesinin akademik yaĸamda yol atēĵē sarsēntēlar ve ºĵretim ¿yelerini aĸaĵēlayēcē 

tavērlarēndan dolayē, 3 yēl bir yurt dēĸēnda bir ¿niversitede ve 2 yēl uygulamada alēĸtēktan sonra, 

YT¦ yēllarēm baĸlēyor. YT¦ôde alēĸmakta benim iin bilinli bir tercihti, bu kurumda geoteknik 

m¿hendisliĵi anabilim dalēnē baĸtan oluĸturmak ve ihtiya duyulan bir hizmeti yerine getirmek 

benim iin ekici olan husustu. Bu tercihim konusunda da hi piĸmanlēk duymadēm ve 25 yēlē aĸkēn 

bir s¿re bu kuruma hizmet etmek mutluluĵuna eriĸtim. Profesºr olarak gºreve baĸladēĵēm g¿nden 

itibaren, YT¦ôde her kademede gºrev yapan akademisyen ve alēĸanlardan gerekten b¿y¿k 

yakēnlēk ve saygē gºrd¿m. Zannederim bu ortam akademik kurumlarda her zaman 

karĸēlaĸēlabilecek bir ortam deĵildi ve beni kuruma baĵlayan en ºnemli hususlardan biri oldu. 
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Yēldēz merkez kamp¿s sēkēĸēk bir ortamda yer alan ok sayēda fak¿lte ve bºl¿m¿ ile sēcak 

bir aile ortamēnē barēndērēyordu. Herkes birbirini tanēyor, deĵiĸik bºl¿mlerde gºrevli 

akademisyenler sorunlarēna ortak ºz¿mler arēyorlardē. Bu ortam iinde, dēĸarēdan gelen birisi 

olarak ok sēcak karĸēlandēm, kēsa s¿re iinde birok gºrev ve sorumluluklar ¿slendim. Bu 

gºrevlerde benimle alēĸan t¿m arkadaĸlarēma teĸekk¿r borluyum. 

YT¦ôde ilk yēllarēm bir yandan kendi anabilim dalēmē oluĸturacak genlerin seimi ve 

yetiĸtirilmesi, diĵer yandan 4 yēl s¿recek bºl¿m baĸkanlēĵē gºrevim ile birlikte baĸladē. Beni en ok 

gururlandēran, olduka kēsa s¿re iinde, baĸkanlēĵēnē yaptēĵēm YT¦ Geoteknik Anabilim Dalēônēn, 

ahlaklē ve iyi yetiĸmiĸ gen elemanlarla kendi dalēnda ¿lkemizin ºnde gelen birimlerinden biri 

haline gelmesi olmuĸtur. Bºl¿m baĸkanlēĵē gºrevim s¿resince, baĸta yardēmcēlarēm Prof. Ķbrahim 

Ekiz ve Prof. Zerrin Bayrakdar olmak ¿zere, herkesin yakēn iĸbirliĵi tavrē iinde yardēmcē olmasē, 

yabancēsē olduĵum yeni bir kurumda yºnetim gºrevi yapmanēn zorluklarēnē yenmeme yardēmcē 

oldu.  

Yēldēz ¦niversitesinin 1992 yēlēnda YT¦ôe dºn¿ĸmesi ve M¿hendislik Fak¿ltesiônin 4 ayrē 

fak¿lteye ayrēlmasē ile kurulan Ķnĸaat Fak¿ltesiônin ilk dekanē olarak gºrev yapmak onuruna sahip 

oldum. Dekanlēk elemanlarēnē Fak¿lte Sekreteri Sn. Sedef Yurci ile birlikte seerken, diĵer yandan 

fak¿ltenin kuruluĸundan itibaren bazē temel yºnetim ilkelerini oluĸturmaya alēĸtēk. Bu ilkelerin 

b¿y¿k oranda bug¿ne kadar devam ediyor olmasēnē memnuniyetle izliyorum. Bu dºnem boyunca, 

b¿y¿k destek ve yardēmlarēnē gºrd¿ĵ¿m dekan yardēmcēlarēm Sn. Prof. Zerrin Bayrakdar ve Sn. 

Prof. H¿seyin Demirelôe ĸ¿kran borluyum. 

Dekanlēk gºrev s¿rem dolunca gºrevi Sn. Prof. Ķbrahim Ekizôe devrettim, fakat ¦niversite 

¿st kurullarēnda gºrevlerim devam etti. Ancak 3 yēl sonra, Sn. Rektºr Prof. Ayhan Alkēĸôēn ºnerisi 

ile tekrar dekanlēk gºrevi ¿stlendim. Bu dºnemin en hatērda kalan tarafēnē 1999 Aĵustos ve Kasēm 

aylarēnda Kocaeli ve D¿zce depremlerinin meydana gelmesi oluĸturdu.  B¿y¿k yēkēmlara ve can 

kayēplarēna yol aan bu depremlerden sonra, deprem tehlikesi kamuoyunun birinci g¿ndem 

maddesi haline geldi ve biz de fak¿lte olarak eĸitli gºrevler ¿stlenmek durumunda kaldēk. Bu acēlē 

dºnemde bir yandan deprem korkusu taĸēyan insanlarēn endiĸelerinin giderilmesine yardēmcē 

olmaya, diĵer taraftan deprem tehlikesinin azaltēlmasēna yºnelik projelerin iinde yer almaya 

alēĸtēk. B¿t¿n bu alēĸmalarda, ¦niversitemizi en iyi ĸekilde temsil etmek ve kamuoyu ºn¿nde 

g¿venilir bir kimlik sergilemeye ºnem verdik.  Bu dºnemde bana yardēmcē olan Sn. Prof. Mehmet 

Seluk ve Prof. Zekeriya Polatôa tekrar teĸekk¿rlerimi iletiyorum. 

YT¦ôde bazēlarēna bēkkēnlēk verecek derecede birok idari gºrev ¿stlenirken, aynē zamanda 

derslerimi hi aksatmadan eĵitim-ºĵretim faaliyetlerimi s¿rd¿rmeye ºzen gºsterdim. ¦niversite 

dēĸēnda, mesleki kuruluĸlar, sivil toplum kuruluĸlarē ve kamuoyu ºn¿nde kurumumuzu temsil 

etmeye yºnelik abalara destek olmaya alēĸtēm, ne kadar baĸarēlē olduĵumu bilemiyorum. Diĵer 

taraftan, kamu ve ºzel kuruluĸlar tarafēndan gerekleĸtirilen birok ºnemli m¿hendislik projesinde 

danēĸman olarak gºrev yaparak mesleki uygulamalarēn iinde olmaya alēĸtēm, bunu yaparken etik 

kurallarēna ºzen gºstermeye ve kurumumuzun saygēnlēĵēnē korumaya dikkat gºsterdim. Umarēm 

geride bēraktēĵēm arkadaĸlarēm da aynē titizlikle mesleklerine hizmet etmeye devam edeceklerdir. 

Gºr¿ld¿ĵ¿ ¿zere 55 yaĸēma geldiĵimde, geride 4 yēl bºl¿m baĸkanlēĵē ve 6 yēl dekanlēk 

gºrevlerini tamamlamēĸ ve artēk Yēldēzôēn kēdemli ºĵretim ¿yeleri arasēna girmiĸtim. ¢oĵunlukla 

senato ¿yeliĵi ve ¿niversite yºnetim kurulu ¿yeliĵi gºrevlerini s¿rd¿rd¿ĵ¿m takip eden dºnemin, 

son 8 yēlēnda, Yēldēz Teknik ¦niversitesi Teknoloji Geliĸtirme Bºlgesi- YT¦ Teknoparkôēn 

projelendirilmesine ve hayata geirilmesine yºnelik abalara, Sn. Erdem Bektaĸ Baĸkan ve diĵer 

birok deĵerli arkadaĸēmēn yardēmlarē ile katkē saĵlamaya alēĸtēm. ¥zellikle, Rektºr¿m¿z Prof. 

Dr. Ķsmail Y¿ksekôin ¿st¿n abalarē ve b¿y¿k katkēlarē sonucunda, Teknoparkēmēzēn bug¿n geldiĵi 

noktanēn memnuniyet verici bir d¿zeyde olduĵunu d¿ĸ¿n¿yorum.    

25 yēla geri dºn¿p baktēĵēmda, birbiri ardēndan gºrev ¿stlenen 5 sayēn rektºrle yakēn 

alēĸma olanaĵēnē bulduĵumu gºzlemliyorum. Hepsine ¦niversitemize hizmetleri ve bana ve 
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d¿ĸ¿ncelerime karĸē olumlu yaklaĸēmlarē iin ĸ¿kran borluyum. Aynē ĸekilde fak¿ltemizde gºrev 

yapan dekanlar ve bºl¿m baĸkanlarēnēn hepsi bana sevgi ve hoĸgºr¿ ile yaklaĸtēlar, d¿ĸ¿ncelerime 

saygē gºsterdiler, hepsine teĸekk¿r ediyorum. 

Son olarak, 25 yēl s¿resince ºĵrencim olmuĸ, benimle lisans¿st¿ tez alēĸmasē yapmēĸ t¿m 

ºĵrencilerime ve ºzellikle Geoteknik Anabilim Dalēnda benim meslektaĸēm olmuĸ, bazen kērēcē 

olabilen eleĸtirilerimi b¿y¿k bir anlayēĸ ile karĸēlamēĸ, benim eĸsiz bir sevgi ve saygē ortamēnda 

gºrev s¿remi tamamlamama imkan saĵlamēĸ arkadaĸlarēma ok teĸekk¿r ediyorum, hepsi ile gurur 

duyuyorum. 

 

2 Haziran 2014  

YT¦ Kongre Merkezi  

Davutpaĸa, Ķstanbul 
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Sayēn Rektºr¿m, Sayēn Dekanēm, Sayēn Oda Baĸkanēm, Deĵerli Kutay Hocam, ¥zaydēn 

Ailesinin deĵerli mensuplarē, Deĵerli Hocalarēm, sevgili meslektaĸlarēm, sevgili konuklar hepinizi 

sevgi ve saygē ile selamlarēm. Bug¿n Kutay Hocamēz onuruna d¿zenlediĵimiz sempozyum iin bir 

araya geldik; hepiniz hoĸ geldinizé 

Our dear quests Mrs. and Mr. Krizek , Mrs. and Mr. Holtz, I would like to welcome you 

to this very special day honoring Prof. ¥zaydēn and his eminent career spanning over forty five 

years. Thank you very much for accepting our invitation without a hesitation and being a part of 

this symposium.  

Deĵerli konuklar bu sempozyum sizinle anlamlē ve g¿zel. Hepinize bu toplantēya 

katēldēĵēnēz iin ok teĸekk¿r ediyorum. Bu sempozyumun d¿zenlenmesinde katkē saĵlayan baĸta 

Rektºr¿m olmak ¿zere t¿m arkadaĸlarēma ve konuĸma yapmayē teredd¿ts¿z kabul eden Prof. 

Raymon Krizekôe, Prof. Bob Holtzôa, Prof. Nuray Aydēnoĵluôna, Prof. Tuncer Edilôe ve Prof. 

Atilla Ansalôa ok teĸekk¿r ederim.  

Kutay Hocamēzēn anabilim dalēmēza, bºl¿m¿m¿ze fak¿ltemize ve ¿niversitemize ok 

ºnemli katkēlarē olmuĸtur. Bu katkēlarē anabilim dalē baĸkanlēĵē, inĸaat m¿hendisliĵi bºl¿m¿ 

baĸkanlēĵē, inĸaat fak¿ltesi dekanlēĵē, ¿niversite senatosu ve yºnetim kurulu ¿yeliĵi ile 

Teknoparkēmēzda yºnetim kurulu ¿yeliĵi gºrevleri ile gerekleĸtirmiĸtir. 

Kendisini tanēdēĵēm 1989 yēlēndan beri tanēk olduĵum ºnemli deĵiĸimleri sizlerle paylaĸmak 

isterim: Hocamēzēn atandēĵē 1989 yēlēnda Geoteknik Anabilim Dalēmēz ôda 1 Yrd. Do. ve 2 Ar. 

Gºr. ile 4 grupta 300ôden fazla ºĵrenci ile ºĵretim s¿rd¿r¿lmeye alēĸēlēyordu. Geoteknik 

Laboratuvarēônda deneysel alēĸma imkanē ok azdē, alet alēnmēyordu, kiĸisel bilgisayarlar yoktu ve 

tabii y¿ksek lisans programē aēlmamēĸtē.   

Hocamēz 1992 yēlēnda anabilim dalēnda Geoteknik y¿ksek lisans programē amayē baĸardē. 

Bizlere doktora ve y¿ksek lisans imkanē doĵmuĸ oldu. Kendisi gºreve baĸladēĵēnda doktora 

yapamayan 1 araĸtērma gºrevlisi varken yēllar ierisinde bize katēlan hocalarēmēzla birlikte 

geoteknik y¿ksek lisans programēmēzdan yetiĸen bizler b¿y¿k bir aile olduk. ķu an anabilim 

dalēmēzda 3 Prof., 3 Do.,  3 Yrd. Do., 2 ¥ĵ. Gºr. ve 2 Ar. Gºr. gºrev yapmaktadēr. Artēk YT¦ 

Geoteknik Anabilim Dalē yetiĸmiĸ kadrosu ile ¿lkemizin sayēlē Geoteknik gruplarēndan ve 

¿niversitemiz Geoteknik Laboratuvarē T¿rkiyeônin ºrnek laboratuvarlarēndandēr. Bu laboratuvara 
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¿niversitemiz senatosu tarafēndan Prof. Kutay ¥zaydēn adē verilmiĸtir. Bu s¿rpriz geliĸmeyi bize 

saĵlayan rektºr¿m¿ze ve senatºrlerimize ok teĸekk¿r ederiz.  

Kutay Hocamôa huzurunuzda anabilim dalēmēza bºl¿m¿m¿ze, fak¿ltemize ve 

¿niversitemize b¿y¿k fedak©rlēklar gºstererek yapmēĸ olduĵu sayēsēz hizmetleri iin sonsuz 

teĸekk¿rlerimi sunarēm.  

Ayrēca doktorantē olmaktan gurur duyduĵumu ve yēllarca birlikte alēĸmaktan ok keyif 

aldēĵēmē bildirmek istiyorum. Kutay Hocam, ºm¿r boyu mutlu olmanēzē, eĸiniz, ocuklarēnēz, 

torunlarēnēz ve sevdiklerinizle ok g¿zel g¿nler geirmenizi dilerim.  

Son olarak Prof. Kutay ¥zaydēnôēn bu denli saygēn ve sevilen bir birey olmasē iin ok 

b¿y¿k emek veren saygēdeĵer validelerine, iyi bir geoteknik m¿hendisi ve ºrnek bir akademisyen 

olmasēnda ºnemli rol oynayan Sayēn Prof. Krizekôe huzurlarēnēzda ok teĸekk¿r ediyorum.  

 

     Prof. Dr. Mehmet BERĶLGEN       

                                                                                         Geoteknik Anabilim Dalē Baĸkanē  
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Saygēdeĵer hocalarēm ve deĵerli konuklarēmēz. 

 

Bu ºzel g¿ne katēlēmēnēz iin ºncelikle teĸekk¿r etmek istiyorum. Geoteknik Anabilim Dalē 

ailesinin bir ¿yesi olarak, burada konuĸma ĸansēna sahip olduĵum iin ayrēca ok mutluyum ve ok 

teĸekk¿r ediyorum.  Her birimizin yetiĸmesi ¿zerinde sayēlamayacak kadar ok emeĵi olan deĵerli 

bilim insanē hocamēz hakkēnda sºylenecek sºzlerin bizler tarafēndan seilebilmesi olduka zor bir 

gºrev. Bu konuda kendi adēma hissettiklerimi ve taĸēdēĵēm d¿ĸ¿nceleri sizlere aktarmaya 

alēĸacaĵēm. 

 

Beni bu g¿ne taĸēyan ve kariyerime yºn verenler arasēnda Sn. ¥zaydēnô ē tanēmam ve 

araĸtērma gºrevlisi olarak ekibinde yer almam hayatēmēn en ºnemli dºn¿m noktasēdēr.  

 

Ķnĸaat m¿hendisliĵi 3. Sēnēfta, Zemin Mekaniĵi dersini kendilerinden almēĸtēm. O zamana 

kadar aldēĵēm derslerden ok farklē gelmiĸti. Sadece ierik olarak deĵil, ders aktarēlērken hocadan 

kaynaklanan bir farklēlēk vardē. Daha sonra temel inĸaatē ve ardēndan aldēĵēm bitirme ºdevinde de o 

farklēlēĵē hissettim. Bu farklēlēk Hocamēzēn derse verdiĵi ºnem ve ºĵrenciye verdiĵi deĵerle 

ilgiliydi.  

 

Bitirme ºdevi olarak geotekstil donatēnēn takviye amalē kullanēmēna yºnelik bir model 

deney alēĸmasē yapmēĸtēk. Geoteknik m¿hendisliĵine olan ilgim bu s¿rete daha da arttē ve kendi 

kendime tamam, ben bu alanda alēĸmak istiyorum ve Kutay bey gibi bir akademisyen olmak 

istiyorum dedim. 1992 yēlēnda hazērladēĵēm bitirme ºdevinden bir konferans bildirisi hazērlamam 

iin hocam beni teĸvik etti ve ben de akademik camia iine bºylece girmiĸ oldum. Hayatēmēn Sn. 

¥zaydēn ile kesiĸmesinin ºnemli bir ĸans olduĵuna inanēyor ve ºĵrencisi olmanēn gururunu hep 

taĸēyorum. 

 

Araĸtērma gºrevlisi olduktan sonra da Anabilim dalēndaki diĵer arkadaĸlarēm gibi, 

hocamdan aldēĵēm katkēyē ve her zaman alēĸmalarēmēzē kolaylaĸtērmak iin saĵladēĵē destekleri hi 

unutamayēz. 
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Ne zaman baĸēmēz sēkēĸsa, yanēna bir problemle gitsek, ºnce buyurun der, bizi oturtur ve 

problemimizi sakince anlatmamēzē sºyler.  ¢ok iyi bir dinleyicidir, bizi dinlerken k©ĵēdē kalemi alēr 

(m¿hendisin kalemi k©ĵēdē hazēr olmalē der) problemi ĸematik hale getirir ve doĵru anlamēĸ mēyēm 

diye sorar ve ºz¿me yºnelik katkēlarēnē yapar. Hocanēn yanēndan ayrēlērken problem ya 

ºz¿lm¿ĸt¿r ya da ºz¿m yºntemine yºnelik bir sonuca ulaĸēlmēĸtēr.  

  

¦niversitede bulunma nedenimizin ºncelikli olarak eĵitim - ºĵretim faaliyetlerinin 

y¿r¿t¿lmesi olduĵunu her zaman vurgulayan, araĸtērmayē seven, azimli, yaptēĵē her iĸte baĸarēlē 

olan ve etrafēndaki insanlarēn sevgisini ve saygēsēnē kazanabilen bir insandēr.  Aynē anda birok iĸi 

birlikte y¿r¿tebilmesi, ok dikkatli ve iyi bir dinleyici olmasē ºzellikleriyle bizleri hep ĸaĸērtmēĸtēr. 

 

¢alēĸma hayatēmēz s¿resince desteĵini ve dostluĵunu esirgemeyen ve her zaman etkili 

kiĸiliĵi ile hayatē algēlamada bizlere ēĸēk tutan hocamēza kendim ve alēĸma arkadaĸlarēm adēna 

binlerce kez teĸekk¿r ediyor ve sonsuz ĸ¿kranlarēmē sunuyorum. 

 

Ķyi ki varsēnēz ve bizimlesiniz. 

   

                   Do. Dr. Havvanur KILI¢ 

      Geoteknik Anabilim Dalē ¥ĵretim ¦yesi 
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THE TRICHOTOMY OF CI VIL ENGINEERING  
 

Raymond J. Krizek1     

 

Thank you very much for the opportunity to share with you this afternoon my thoughts on 

the profession of engineering in general and civil engineering in particular Ƅ from the 

perspective of having been a "player" in the field for half a century.    My plan is to 

discuss briefly the role of an engineer and some of the problems with the current status and 

perception of engineers in society.  This will  be followed by some major examples of how 

engineers  have  contributed   to  our quality  of  life  and  a  few  of  the  engineering 

challenges  that  lie  ahead.    Within  this perspective  we  will  speculate  on  some  of  the 

factors  driving  change  and  what  must  be  done  to  make  the  U.S.  civil eng ineer an 

invaluable asset in the global marketplace.  Finally, we will  take a general look at how 

engineering education can be enriched and broadened to produce graduates that are better 

prepared to function in a rapidly changing global economy. 

 

Let me begin by stating unequivocally that I am most proud to have spent my career as a 

civil engineering pro fesso r and consultant.    However,  while  truly  blessed  beyond  any 

measure I  could  have anticipated  50 years ago, I have always  been somewhat  saddened by  

the  lack  of  understanding   and  esteem  accorded  engineers  - and  especially   civil 

engineers - relative  to many other  professions. Despite the many major contributions 

engineers have made to our way of life, the general public neither knows nor appreciates the 

value and impact of these contributions; perhaps even more disturbing is the fact that many 

engineering accomplishments are attributed to some other discipline. 

 

As evidence  of  this  situation,  consider  the  fact  that,  when  the  question  "What  is an 

engineer?" was asked  to a random  sampling  of people  in the United States  in a recent 

survey, approximately  one-third  of those polled responded  by saying that an engineer is 

someone who operates a train. Another one-fifth or so stated that an engineer is someone 

who functions as the supervisor of a building. Hence, about one-half of those surveyed 

defined an engineer as either a train operator or a building supervisor.   Just ponder for a 

moment what this says about the regard in which the efforts of engineers are understood and 

valued by their neighbors. Notwithstanding all that engineers have contributed to the betterment 

of the world, most people know precious little about what they do Ƅ and therefore society 

does not appreciate their role. This is my motivation for choosing to share with you today 

some of my thoughts about the role of engineers in society Ƅ with an emphasis on civil 

engineers. 

 

Let me begin with my answer to the survey question and then paraphrase a statement by von 

Karman to distinguish between engineering and science. I suggest to you that "An engineer  

is  one  who  applies  the  principles  of  science  and  mathematics  to  produce facilities and 
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generate  products for the benefit of man"; to this technical definition  must be added the 

constraints that the process and product must be economically feasible and socially acceptable.  

To distinguish between science and engineering, von Kannan stated that sc ience 

enco mp asses   man's   quest t o  u n d e r s t a n d n a t u r e a s i t  e x is t s, whereas 

engineering challenges man to create what never was.  Carried to its idealistic extreme, 

scientists and mathematicians would unlock the secrets of nature and advance our 

understanding of mathematical concepts and operations without being burdened by the 

challenge of determining some practical application for the results of their labors, and engineers 

would then apply their results selectively and judiciously within prevailing constraints to create 

specific products and facilities to enhance the welfare of man. But the ways of the world are 

not so idealistic, and many of our advancements, and indeed probably most of our major 

advancements, evolve from synergistic interactions among individuals from different 

disciplines. Within the  context of  the foregoing characterization,  let us now review  briefly 

what I believe  to  be the three  fundamental roles of an engineer, and hence the basis for word 

"trichotomy" in the title, followed by a few of the major accomplishments of engineers over 

the past century  to improve our lives. 

 

At the very heart of civil engineering are the design and construction engineers who work in the 

design offices and on the construction sites to design and construct the facilities that comprise our 

everyday infrastructure. These are the engineers who mobilize and direct the efforts of the 

multitude of tradesmen who work on these projects. Letôs term this group the practitioners. This 

fundamental role reflects to a large extent how society perceives the   profession   (once we get 

beyond   the   train   operator   and   building superintendent) and what most engineers really do. 

 

The second group consists of researchers and is the group charged with advancing the state of-

the-art of our profession. The primary requirement for this group is an extremely strong and 

diversified  foundation  in the basic sciences, mechanics, and mathematics  to facilitate  interactive  

dialog  with "experts"  in  a variety  of  complementary  disciplines, because future advances will 

almost certainly lie in combining the expertise of multidisciplinary individuals in quite diversified 

fields, such as nanotechnology, biochemistry, or molecular biology. To be most effective, this 

group will have to work interactively with others in the profession to ascertain the relevancy of 

their efforts and to avoid the embarrassment of solving highly complicated non-problems; this is 

not meant to  imply that  solutions  to  classical  problems  are  worthless  if  they  do  not  have  

an immediate  application,  because  this  is  clearly  not  the case. While engineering and science 

are quite different disciplines, as we have seen earlier, good engineering requires a solid 

foundation in good science, as well as mathematics. 

 

A  third  fundamental  role  of  the  engineer is to contribute  technical  expertise  and engineering 

judgment to the decision-making  process. These are the decision makers, and they address long-

term objectives and the means to attain these objectives. This is a role of immense  importance  to 

society  and our  profession,  but it is  too often  a role controlled by lawyers and businessmen 

who know far less than engineers about the multi-million or multi-billion dollar technology based  

decisions that are frequently  made. Notwithstanding the fact that there are about 10 million 

engineers in the world compared to  about  one  million  lawyers,  lawyers  are  much  more  

prevalent  in  decision-making bodies.  Unfortunately, a large portion of the world's one million 

lawyers practice in the United States, where the ratio is 3 to 1.  Typically there may be only two 

or three engineers out of more than 600 members in the U.S. Congress and perhaps 30 or 40 out 
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of about 6000 members of state legislatures. For the greater good of society, engineers must 

become more involved in the decision-making process and exercise more influence on issues 

within their realm of expertise, because the world is run by those who show-up Ƅ and engineers 

usually do not show-up at the decision-making sessions. 

 

Although the foregoing three roles are certainly descriptive  of what engineers contribute to 

society,  a strong overarching  argument  can  be made  that the most basic  role  of an engineer  is  

to  create  wealth;  this  is  because  engineers  solve  problems  and  produce products and 

facilities that constitute the essential  basis for creating wealth.  In the case of civil engineers, the 

wealth is represented largely by the infrastructure of a town or city or country, and economists 

have long known that the gross national product of a country is strongly correlated with the 

quality of a national infrastructure, and many believe that the gross national product is directly 

related to the proportion of engineers in a society. 

 

As my first example of contributions by engineers to improve our lives, letôs look at a truly major 

accomplishment very near and dear to each of us, namely, the extension of our lifespan.  Over the 

past century the average lifespan of man has increased from about 46 years to 77 years- an 

increase of 31 years.  Great, many of you are probably thinking, but not too surprising in view of 

the dramatic advances in medicine.  Granted, medicine has made great strides and contributed 

much to the quality of our health, but an in-depth study indicates that 20 years of this 31-year 

increase is due to clean water and improved sanitation Ƅ an engineering accomplishment. 

However, notwithstanding this noteworthy milestone, more than a billion of the worldôs people 

are still without access to clean water and adequate sanitation, and a child dies every 15 seconds 

because of this shortcoming. 

 

In a totally different area, consider for a moment the improvements in the speed of travel and our 

commensurate ability to transport people and products to enhance our lifestyle. Not much more 

than a century ago, we traveled mostly by stage coach and horse - at an average speed on the 

order of 5 mph.  With the development of the automobile and the train, the average speed of 

travel increased an order of magnitude to about 50 mph.  The airplane in  the  latter  half  of  the  

1900s  provided  us  with  another  order  of magnitude increase to about 500 mph.  All of this 

was accomplished in little more than a century Ƅ and it is all attributable to engineering 

advancements. How long do you think it will take engineers to make the next order-of-magnitude 

leap to 5000 mph?  And how long will it be before  we  are  challenged  with  the  frightening 

experience  of  boarding  a  pilotless aircraft for our next flight?  Think about this for a moment.   

In the short span of 66 years Ƅ less than a current average lifetime Ƅ engineers took man from the 

first flight of the Wright brothers in 1903 to the moon in 1969 (notwithstanding the comment 

attributed to Wilbur Wright in 1902 that "man will not fly for 1000 years"). 

 

And let's not overlook the fact that man's travel into space and to the moon was made possible by 

engineering accomplishments. Indeed, science had long ago understood many of the  intricacies  

of  space, the orbits of  the  moon and the planets, and the requirements to  overcome gravity  and  

place  satellites in orbit (namely,  nature  as it exists). To make space journeys a reality, engineers 

had to develop engines with sufficient thrust to escape earthôs gravity, guidance systems to 

control the flights, and heat resistant tile to enable reentry through the earth's atmosphere (that is, 

products that never were). These and many related engineering achievements are the backbone of 

our space program and the many benefits derived therefrom (creation of wealth).  As an 
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interesting sidebar to illustrate the rate of technological progress, consider the fact that many of  

us  have  more  "computing  power"  in  our  pockets  today  than  the  Apollo astronauts had on 

their trip to the moon. 

 

Even fifty years ago, who could have imagined the current impact of the computer on our daily 

lives, the extensive Interstate Highway System that crosses the United States today (a project 

actually justified on the basis of facilitating troop movements to enhance national defense), 

bridges with spans exceeding one kilometer and buildings half a kilometer high, the present 

INTERNET (whose precursor ARPANET was developed as a backup communication system in 

the event that our domestic telephone system was sabotaged or destroyed), the relative ease of 

replacing knee and hip joints, the electrification networks servicing virtually all major cities of the 

world, the Chunnel connecting France and England, and a host of other such projects Ƅ all 

brought to fruition by engineers. 

 

From time to time over the past few decades the term "systems engineering" has been touted as a 

revolutionary new field that encompasses the complex interaction among the various components 

or disciplines, including the humanities and social sciences, which lead to a solution. Let me 

suggest that civil engineers have been doing "systems engineering" since the inception of our 

profession. Letôs look briefly at two major examples of systems engineering. Perhaps the greatest 

contribution of civil engineers to society is the design, construction, and maintenance of the built 

infrastructure that supports our way of life on a daily basis.  When you wake in the morning in 

your heated home and switch on the lights, turn on the water faucet, flush the toilet, perhaps 

prepare coffee or tea, drive to the rapid transit station, catch the train to work, traverse the 

sidewalks to your office building, and take the elevator to your office, consider that all of this 

infrastructure has been provided primarily by civil engineers with specialized supporting expertise 

from other engineering disciplines. All of these facilities involve "creating something that never 

was", and all of them combine to support and enhance our way of life ī every day ī 24 hours a 

day.  Although generally taken for granted, as is good health, what would be the quality of our life 

without this infrastructure? Perhaps similar to what it would be without good health. 

 

Of all the challenges that lie on the horizon for engineers, perhaps the most imposing one ī and 

the granddaddy of all systems engineering problems ī is sustainability Ƅ especially if the concept 

of infrastructure is extended to include the natural environment or infrastructure in addition to the 

built infrastructure.  Many surveys (ASCE, in particular) have documented (a) the unacceptable 

condition of virtually every aspect of our built infrastructure due to deterioration with age and use 

well beyond its design life and (b) the abuses heaped upon our natural infrastructure by the 

ravages of man due primarily to waste disposal and  energy production.   The impending crisis 

threatens not only our quality of life and economic future, but perhaps in a very real way the 

stability of the world. Even a token concern for future generations demands that we develop and 

implement sound principles of sustainability in managing both our built infrastructure and our 

natural infrastructure. Stated very simply, sustainability means that the present needs of society 

must be satisfied without compromising the ability of future generations to meet their needs. This 

challenge will require the synthesis of input from many scientific and engineering disciplines, as 

well as a myriad of political decisions driven by economics and taxes, and it is the civil engineer 

who will be at the center of this activity to synergistically evaluate the efficacy of various 

alternatives and influence decision- makers regarding the best course of action to follow.  Without 
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a doubt, civil engineering is the broadest of all fields of engineering; it has had and will continue to 

have for the indefinite future the greatest impact on the welfare of mankind. 

 

As is evident throughout much of this presentation, man is a very important factor in our "systems 

engineering" challenges. While it is certainly true that man is almost always a factor in any 

engineering endeavor, the degree of public involvement in civil engineering projects is probably 

orders of magnitude higher than that in virtually all other fields of engineering. This is because 

most civil engineering projects affect a considerable number of people and every reasonable effort 

must be made to represent the best interests of all concerned. Indeed, most civil engineering 

projects involve a synthesis of technological systems, natural systems, and human systems, and the 

complexity of reconciling the demands innate to each of these systems is unique to civil 

engineering. 

As can be readily seen, there are many far reaching challenges that lie on the horizon for the 

engineer of tomorrow. Perhaps the most overriding challenge is that the real problems are not 

actually known and cannot yet be defined.  However, one fact is certain ī society will always need 

engineers. The number and nature of the challenges faced will be unprecedented and require the 

creative talents and leadership of highly educated and dedicated engineers.   Virtually every 

political leader around the world has established science and technology as the basis for a national 

strategy to improve the quality of life. Accordingly, technical literacy will not be an option, but a 

necessity, and the degree of mastery manifested  by  the  current  generation  will  not  be  

sufficient  for  the  next generation. The engineer in the twenty-first century must not be satisfied 

with or limited by his twentieth century role. 

 

At this point I would like to digress from the many physical accomplishments of engineers and 

focus attention on some of their major personal attributes, because it is these qualities, in conceit 

with their technical insight and expertise that help to characterize individuals as engineers and 

make them so valuable to society. The essence of an engineering mind is a logical and analytical 

thought process ī often termed the scientific method. This is the basic reason that many 

individuals educated as engineers have found fruitful careers in a variety of other disciplines, such 

as law, business, journalism, medicine, and economics. Engineers always rate very high in honesty 

and integrity; they are widely recognized for their ability to address problems with an open mind 

without preconceptions and prejudices and to make decisions based on the dictates of the 

scientific method rather than political expediency. To those who have even a reasonable 

understanding of   the engineering profession, the recommendations of engineers are usually 

accorded very high credibility, because they are viewed as having the best interest of the public as 

their foremost criterion.  In their areas of expertise, engineers generally manifest a high degree of 

creativity in developing a variety of alternative solutions to a given problem, because they are 

always conscious of potential trade-offs suggested by cost-benefit analyses.     An additional deep-

seated trait of engineers is the tremendous degree of personal satisfaction they derive from a 

project well done; this undoubtedly emanates from their conviction that their efforts do indeed 

benefit mankind and add value. These qualities are obviously present in certain individuals from 

virtually any discipline, but I leave you with my opinion that engineers as a body possess them in 

greater measure. 

 

Even though most of you are engineers and undoubtedly aware to some degree of many of the 

points I have made, I hope that your perception of the role of engineers in society has been 

influenced positively and that you have acquired an enhanced appreciation for the contributions of 
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engineers to the quality of life.  It is indeed a noble profession, and there is no better testimony to 

the role of engineering in society than the following words of Herbert C. Hoover, thirty-first 

President of the United States and himself an engineer. 

 

"It is a great profession. There is the fascination of watching a figment of imagination 

emerge through the aid of science to a plan on paper.  Then it moves to realization in 

stone or metal or energy.  Then it brings jobs and homes to men. Then it elevates the 

standard of living and adds to the comforts of life. That is the engineer's high 

privilege. 

 

The great liability of the engineer compared to men of other professions is that his 

works are out in the open where all can see them.  His acts, step by step, are in hard 

substance.  He cannot bury his mistakes in the grave like doctors. He cannot argue 

them into thin air or blame the judge like lawyers. He cannot, like the architects, cover 

his failures with trees and vines.  He cannot,  like  the  politicians,  screen  his  

shortcomings  by  blaming  his opponents and hope that people forget. The engineer 

simply cannot deny he did it. If his works do not work, he is damned. 

 

On the other hand, unlike the doctor, his is not a life among the weak. Unlike the 

soldier, destruction is not his purpose. Unlike the lawyer, quarrels are not his daily 

bread. To the engineer falls the job of clothing the bare bones of science with life, 

comfort and hope. No doubt as the years go by people forget which engineer did it, 

even if they ever knew. Or some politician puts his name on it. Or they credit it to 

some promoter who used other people's money.  But the engineer himself looks back 

at the unending stream of goodness which flows from his successes with satisfactions 

that few professions may know. And the verdict of his fellow professional is all the 

accolade he wants." (Addresses Upon the American Road, Stanford University Press, 

1955) 

 

At this point let me challenge each of you to do something once a month to explain to some 

component of the general populace the role of engineering on their lives.  If each of the 100,000  

plus  ASCE  members  would  do  this,  we  could  conceivably reduce in a few  years that 50% 

who think that engineers  run trains and maintain buildings. 

 

Most of the foregoing discussion has focused on historical perspectives, albeit perspectives often 

times not accorded due consideration by most of us most of the time. For a few moments now, 

letôs review briefly some of the factors that will force a change from the status quo in the United 

States.  Unless you have been keeping up with the news very conscientiously, a few of these will 

undoubtedly elicit some surprise, anxiety, and perhaps even shock and that is expressly the 

purpose of bringing them to your attention. Think of the next few points as a "wake up call". 

 

With the emergence of India, China, and much of Eastern Europe in our marketplace over the 

past decade or so, engineering services are increasingly being priced as a commodity ī and not as 

a profession. U.S. engineers currently cost five to ten times the cost of engineers in these 

countries. Furthermore, the population of these countries is about three billion people; if it is 

assumed that 10 % are educated for non-agrarian jobs, this number is equal to the entire 

population of the United States or the combined work force of North America, Western Europe, 
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and Japan.  There are few major global engineering firms that do not have offshore engineering 

partners.  Clearly, this is a force that will impact strongly the "way we do business". 

 

In a more general vein, this globalization trend affects all U.S. engineering firms- not only civil 

engineering firms. A recent National Academy of Engineering publication entitled Rising Above 

the Gathering Storm identified a number of worrisome trends linked to globalization and foreign 

competition.  Given below are a few: 

 

¶ The U.S. trade balance in high-technology manufactured goods shifted from a positive $33 

billion in 1990 to a negative $24 billion in 2004. 

¶ In 2003 only three U.S. companies ranked among the top ten recipients of patents granted 

by the U.S. Patent and Trademark Office. 

¶ In 2001 U.S. industry spent more on tort litigation than on research and development. 

¶ Among 21 countries U.S. twelfth graders recently performed below the international 

average in mathematics and science. 

 

And even more significant, the trend in all of these is unfavorable. This year a follow-up NAE 

report entitled Rising Above the Gathering Storm: Rapidly Approaching Category 5 concluded 

that "in spite of the efforts of both those in government and the private sector, the outlook for 

America to compete for quality jobs has further deteriorated over the past five years." This report 

further emphasized the following four underpinnings of a successful nation in todayôs global 

context. 

 

¶ Increase America's talent pool by vastly improving K-12 science and mathematics 

education. 

¶ Sustain and strengthen the nation's traditional commitment to long-term basic research. 

¶ Make the United States the most attractive setting in which to study and perform research 

so that we can develop, recruit, and retain the best and brightest students, scientists, and 

engineers from the United States and throughout the world. 

¶ Ensure that the United States is the premier place in the world to innovate and invest in 

downstream activities, such as manufacturing and marketing, and to create high paying 

jobs based on innovation. 

 

Although we in the U.S. are prone to consider ourselves Number One, letôs take a look at a series 

of current rankings in various categories. 

 

¶ # 6  in global im1ovation-based competitiveness 

¶ #11  in the fraction of 25-34 year olds that have graduated from high school 

¶ #16  in college completion rate 

¶ #22  in broadband Internet access 

¶ #24  in life expectancy at birth 

¶ #27  among developed nations in the proportion of college students receiving degrees in 

science or engineering 

¶ #48  in quality of K-12 mathematics and science education 
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Looking at a still broader  perspective, a recent article in Discover magazine  discussed future 

scientific  progress  in  the  world,  as  viewed  by a  group  studying  the  situation. According to 

this  article,  there  are  alive  now  more scientists  than  in all  of  previous human history, and 

these scientists have access to orders-of magnitude better communication, instrumentation, 

computational  capability, and venture capital than their predecessors. The combination of these 

factors suggests that the rate of scientific discovery in the next 25 years will be four to seven 

times faster than in the past.  To place this situation in perspective based on assuming a fourfold 

increase, the task of projecting today out to 2031 is comparable to someone in 1880 trying to 

imagine conditions in 2006, or someone in 1660 trying to do the same, assuming a sevenfold  

increase.  It is difficult to grasp the enormity of this challenge, but it clearly lies before us. 

 

What are we going to do to address this challenge? How are we going to change our profession 

to combat this globalization trend and the shortcomings in our system? How are we going to 

make the U.S. civil engineer of the future an invaluable asset to the global marketplace and justify 

a salary an order-of-magnitude higher than many foreign civil engineers with comparable technical 

skills? The answer can only lie in a U.S. work force with superior creativity and leadership skills 

complemented by commensurate managerial abilities and advanced technical competence.   We 

must strive to be the leaders and innovators ī because only the leaders and innovators will 

survive. 

 

However, this is a problem in today's society, because innovation and creativity usually require 

research investments that lead to long-term (often times, next generation) paybacks, and a major 

problem in the U.S. these days is that our culture has been tuned to wanting "instant gratification" 

or "instant payback", so we are not inclined to invest in the future (e.g., our lack of investment in 

our infrastructure).  Indeed, there is a major disconnect between  technology  and  the  societal  

and  political  will  of  the  people. Adherence to  such  a  policy  is  economic suicide  in  the  

long run  and,  if  followed, eventually the devil will get his due.  Too often our advances are the 

result of a crisis or necessity ī and not a strategic plan.  We need a vision for tomorrow, and not a 

series of make-shift solutions for today. 

 

The economic growth of the U.S. over the past two centuries has been possible only because of 

the continual development and advancement of technology and new knowledge, which has grown 

from the seed of research - either fundamental or basic research and mission - driven research. 

Ponder, for a moment, how many jobs exist today as a consequence of research achievements in 

only the last few decades.  However, less than 1% of the workforce produces 80% to 90% of the 

breakthroughs.  As we have seen, research is the engine that drives long-term growth, and, 

despite "tough times financially", it cannot be eliminated or minimized in our profession; as any 

aeronautical engineer knows, you don't achieve the highly desirable goal of reducing the weight of 

an airplane by eliminating the engine. 

 

So, how are we going to achieve innovation and creativity ī and a superior U.S. civil engineer? 

According to one of many Chinese proverbs, it is said that: 

 

If you want prosperity for one year, grow grain.  

If you want prosperity for 10 years, grow trees. 

If you want prosperity for 100 years, grow people. 

 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 
 

11 

 

With this thought in mind, let's turn our attention to growing engineers from students and see 

what the foregoing suggests for the future with respect to engineering education. This is a topic 

that has been under discussion for the 50 years that I have been a faculty member and, Iôm sure, 

will continue to be discussed ad infinitum. The emphasis here will not be on the description of a 

specific curriculum, because there is no clear answer to this challenge. In general, there will be 

many different curricula that will be dictated by a "systems engineering" blend of economics, 

taxes, "hot" research areas, government funding, politics, faculty biases, administrative dictates, 

and a host of other factors. Rather, the focus will be on the guidelines that must be addressed in 

determining how to proceed with this awesome challenge. 

 

Predicting the future is very risky, and there are many historical examples that suggest caution 

when attempting to do so- even the near-term future.  As one example, consider the following 

editorial in the New York Times of December 10, 1903: 

  

"We hope that Professor Langley will not put his substantial greatness as a scientist in 

further peril by continuing to waste his time and the money involved in further airship 

experiments.  Life is too short, and he is capable of services to humanity incomparably 

greater than can be expected to result from trying to fly." 

 

We all know what has happened in the past century, and it is good that Professor Langley 

was not deterred by this prediction.  History has rather consistently shown that, when 

predicting the future, we underestimate the rate of technical change and overestimate the 

rate of social change; this lesson is especially pertinent when considering engineering (which 

is primarily technical) education (which is to a large degree social). 

 

As a starting point, let's identify the characteristics and abilities that are desired in young 

civil engineers in the twenty-first century- or even in the next decade. The following list was 

outlined by Eli Fromm of Drexel University in a lecture entitled The Changing Engineering 

Education Paradigm to the National Academy of Engineering on October 6, 

2002: 

 

¶ A strong foundation in basic sciences, mathematics, and engineering fundamentals 

¶ A capacity to apply these fundamentals to a variety of problems 

¶ Knowledge and experience in experimental methods 

¶ Knowledge and skills in the fundamentals of engineering practice 

¶ Advanced knowledge of selected professional-level technologies 

¶ Strong oral and written communication skills 

¶ A sense of corporate and business basics 

¶ A sense of social, ethical, political, and human responsibility 

¶ A historical and societal perspective of the impact of technology 

¶ A unifying and interdisciplinary broad view 

¶ A culture for life-long learning 

¶ A creative and intellectual spirit 

¶ A capacity for critical judgment 

¶ Enthusiasm for learning 
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While the foregoing list of skills is quite comprehensive and most of you would probably 

not disagree with it, it does not designate which skills are most appropriate for which group 

of engineers.  Rather, it implies that all of these skills should be imparted to all civil 

engineering students, and such is probably an overly optimistic goal. Although every effort 

should be made to expose all students to at least an elementary awareness and 

understanding of these skills, the trichotomy concept suggests that certain of these skills 

should be emphasized and honed to a much higher degree for each of the three different 

groups of engineers. 

 

Let us now reconcile the foregoing idealism with the realism of real-world students in a 

reasonable time frame. In a perfect world a single individual would combine the essential 

elements of the practitioner, decision-maker, and researcher into a unified career ī and there 

will always be some who are gifted with the talent to do so ī but the depth and breadth of 

the expertise needed suggest that too few will be so gifted. Most will probably spend their 

career primarily in one of the groups, and this begs the questions of what type of education 

best serves all three groups, and is it reasonable to expect that one department or 

educational program can satisfy the needs of all three groups.  Individual personalities will, 

of course, guide career choices to a large degree, but, once this is done, how can we best 

provide the diverse expertise needed to nurture and develop these career choices most 

effectively?  When developing a response, it is important to recognize and appreciate the 

fact the education required by individuals in each of the three groups is quite similar at the 

basic level. One interesting observation is that many surveys of engineering graduates over 

the last decade or so indicate that recent graduates wish they had taken more technical 

courses while in the university, whereas after a decade they wish they had taken more 

business and management courses and after two decades they wish they had taken more 

courses in literature, philosophy, history, and art. 

 

At this point it behooves us to review for a moment the issues that have plagued 

engineering education for essentially the past half a century; this list includes: 

 

¶ How can we better explain what engineers do to prospective students and the 

general populace? 

¶ How can we reconfigure the freshman and sophomore years to convey the real 

challenges and excitement of the profession? 

¶ How can we improve the communication skills of engineering students? 

¶ How can we include more humanities in the curriculum? 

¶ How can we give students a basic understanding of business and management skills? 

¶ How  can  we  engender  a  deeper  appreciation  for  social  responsibility  and 

professional ethics? 

¶ How can we achieve all of the above without extending the time frame (rather than 

reducing it)? 

¶ How can we improve the salaries of civil engineers relative to other engineers? 

 

Yes, despite the fact that we have moved from slide rules to calculators to personal 

computers to laptops to the internet in the past 50 years, the foregoing challenges are still 

with us and they are quite formidable challenges. To these challenges must be added those 

presented by the explosive advances in technology, cutting across traditional boundaries 
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between disciplines, globalization, sustainable development, and dealing with the ever 

increasing complexity of larger and larger çengineering systems".   Perhaps the greatest 

challenge of all is that we must prepare students to solve unknown problems, and therefore 

an emphasis must be placed on teaching them how to learn rather than teaching them what 

we already know at this time; in other words, we must teach skills rather than knowledge. 

 

As we prepare to undertake a renewed effort to reengineer the engineering curricula of our 

nation's universities to better prepare the next generation of students for the engineering 

challenges they will face the 2020 and beyond, let us now, in light of the foregoing 

discussion, as well as many issues not explicitly covered, conclude by outlining a few 

guidelines or recommendations that will dictate the probable path to follow. 

 

¶ Every indication suggests that the graduate of tomorrow must receive a more 

holistic education and be more of a generalist.  There must be more emphasis on the 

"big pictureò ī less concern with the individual components of a system- and more 

concern with the "system". 

¶ Hence, the undergraduate curriculum will have to be configured to give increased 

emphasis to: 

o Synthesis of concepts 

o Critical thinking ī getting to the heart of problems 

o Teamwork in a multidisciplinary setting  

o Understanding real-world problems 

o Effective communication when dealing with ambiguity and complexity 

¶ There will be fewer specialized courses ī and more broad-based courses ï and 

flexibility will be mandatory. 

¶ Regardless of the style or the trend away from specialization, the fundamentals 

cannot be ignored, because they comprise the basis for critical thinking and 

synthesis, as well as future career development. 

¶ It will be increasingly important to cultivate a way of thinking - rather than a mastery 

of facts.  Emphasis will be placed on developing skills rather than only teaching what 

is already known. 

¶ The sharp lines between disciplines and courses will be diminished, and team 

projects will replace monologue instruction, to some degree. 

¶ There will be increased pressure on science and engineering majors to become 

"better rounded" in the arts and humanities, and the reverse will be true in the 

humanities to overcome technical illiteracy, because "technical illiteracy" in the 

world of tomorrow will prove to be a far greater handicap than it was in the world 

of yesterday. 

¶ When assembling an engineering curriculum, careful attention must be given to 

organizing the components of the curriculum into a coherent package, as opposed to  

what  currently  appears  to  many  students  as  a  fragmented  collection  of 

independent pieces. 

¶ To enhance the stature of our profession, the BS degree should be recognized as an 

"entry" degree and the MS should be accepted as a "professional" degree. 
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To the foregoing list may undoubtedly be added other guidelines and I'm sure that some of 

you may take issue with some of the ones given.  To be sure, this list is rather idealized and 

it should be clear that not all universities will ī or should ī incorporate them to the same 

degree. As suggested by the three major categories into which most of us fall, there needs 

to be diversity in the programs developed. However, notwithstanding the desirability of 

drastically reengineering our curricula to educate the engineer of tomorrow, little will 

actually be accomplished unless the faculty reward system is changed. The changes needed 

are substantial and they will require much time and effort by faculty who are currently 

rewarded primarily on the basis of research achievements. 

  

Toward this end consideration should be given to implementing the trichotomy concept at 

the faculty level as well, because this will provide a good way to optimize the educational 

and "role modelò benefits to the students. The  research  faculty  component  would  be 

essentially  the   same   as  that   currently  in   place   at   virtually   all  research-oriented 

universities, except  that it would  be about 10% to 15% fewer  in number  (depending  on 

the size of the faculty). This faculty would have the prime responsibility for imparting the 

advanced and specialized fundamentals of science and engineering to the students, especially 

the graduate students. The few individuals  deleted  from  the research  faculty component  

would  be  tenure-track  faculty  (perhaps  similar  to  "clinical" faculty  in  a medical school) 

with prime responsibility for the welfare of the undergraduate student population. They 

would have educational backgrounds   comparable   to the primary faculty, but they would 

be individuals who are not strongly research oriented.   In this capacity they would serve as 

advisors and teach the multitude  of basic courses that are so important to getting  

undergraduates  "off  on the right foot",  but courses  that many  (but certainly not all) 

research oriented faculty either  prefer not to teach or do a poor job of teaching because  of 

their inability  to "get  down  to the level  of an  undergraduate". In many cases these faculty 

might have a modest interest in research and could be excellent "support" colleagues  for 

those who "bring  in the dollars",  but their reward system would be based on  their  

educational  contributions  and  their  compensation  should  be appropriately comparable  

to the research faculty. The third  group  of faculty  would be non-tenured adjunct  

practitioners  who would  teach  a few  select  courses  of a  practical nature (such as a 

senior  design  course, an entrepreneurship course,  an engineering  law course, or a 

motivational  freshman  course). These  latter  individuals  would  serve  two very impm1ant 

functions  that most "regular  faculty" do not fulfill adequately;  first, they would  bring  real  

world  problems  and  experiences  into  the  educational   program  and synthesize  them  

with  the  academic  components  of  the  curriculum,  and  second,  they would provide role 

models for the students to aid in their transition into the "real world" after graduation. 

Although deans and administrators have thus far shown little support for such a concept, it 

is often found de facto in many departments on a quasi-permanent "temporary" basis. 

 

In summary, the   challenges   to develop   an   educational   experience   that   will 

adequately prepare the civil engineering student of today to function in the world of 

tomorrow are indeed quite formidable.   The solution will not be simple, but it will also not 

be permanent. We have only the responsibility  to do today what history, the perceived 

needs of tomorrow, and our collective  wisdom  dictates  in the near future ī and  leave  to 

our  successors  the challenge  of  other  modifications  to  be implemented as the decades 

of the new millennium unfold.  
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REFLECTIONS ON EARLY  SOIL IMRPOVEMENT 

TECHNIQUES   
(...AND SOME RECENT DEVELOPMENTS)  
 

R. D. Holtz, Ph.D., P.E., D. GE., Dist. M. ASCE1 

 

 

 

ABSTRACT 
 

Forty years ago, the only available methods for improving poor foundation soils were excavation 

and replacement, displacement by blasting, chemical grouting, vibrofloation, sand drains, and 

electro-osmosis.  However, most of these techniques were only applied in special circumstances.  

Among the recent developments in soil improvement are PV drains, lime columns, dynamic 

compaction, and pile supported embankments.  The paper describes the early history of these 

relatively newer techniques using the results of some case studies in which the author was directly 

involved.  The pile supported embankment case also involved one of the first uses of 

reinforcement with geosynthetics.  Some recent developments using these techniques are 

described and pertinent references are also given.   

 

Keywords: Soil improvement, PV drains, lime columns, dynamic compaction, pile supported 

embankments, geosynthetic reinforcement   

 

1. INTRODUCTION  
 

In the good old days, when I student in the 1950s and 60s, there were only a few possible 

alternates to deep foundations or other stabilization problems.  For sites with soft clays, for 

example, sand drains could be used to accelerate the consolidation settlement and strength gain in 

the foundation. But this was usually applied to embankment foundations and not for structures.  If 

loose sands were a problem, Vibrofloation was occasionally used to densify the sands and reduce 

settlements of building foundations. Although grouting was commonly used to mitigate excessive 

seepage in dam foundations, it was not used for foundations, unless it was for repairs (e.g., ñslab-

jackingò) and other specialized situations.  Finally, electro-osmosis was occasionally used to 

stabilize unstable slopes, typically for emergency situations.   

 

If the problem soils were relatively shallow, then excavation and replacement with dense granular 

materials was possible and often more economical than driven piles, which at that time were the 

most common deep foundation for structures.  Today, we have many soil improvement methods 

that the prudent foundation engineer should consider as alternates to driven piles or drilled shafts: 

Å Reduced stress (lightweight fill, EPS foam, etc.) 

                                                
1 Professor Emeritus, University of Washington, Seattle, WA, USA, holtz@uw.edu 
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Å Removal/replacement (several methods available for removal and replacement with 

compacted granular materials) 

Å Increase strength/reduce compressibility (17) 

ï consolidation of soft soils (3) 

ï chemical stabilization (5) + thermal, electrical 

ï physical stabilization/densification (7) 

Å Reinforcing (6) 

 

Which of these methods is the most appropriate and feasible depends of course on the anticipated 

loads and soil condition at the site. 

 

These major classes of soil improvement methods were used by Holtz, Shang, and Bergado 

(2001), and the numbers in parentheses indicates the number of specific methods they identified 

under each major class.   Other classifications are always possible, and a few methods could be 

classified in different categories.   

 

This paper is a look back at four methods that I have called ñrelatively newò; that is, they have 

been developed since the late 1960s-early 1970s.  They are: 

 

1. PV drains 

2. Lime columns 

3. Dynamic compaction 

4. Pile supported embankments 

 

These four methods were selected because I had some direct association and experience with 

them during their early development, either in practice or as a researcher.  Iôll then summarize 

some recent developments with these four techniques, and discuss them in terms of some the 

lessons learned from my early experiences with these methods.   

 

 

2.  SAND AND PV DRAINS 
 

For sites with deep deposits of soft clays, preloading with surcharge is frequently used in 

combination with vertical drains to decrease the length of drainage path and thereby speed up the 

consolidation.  Otherwise the time required for consolidation may be unacceptably long or 

foundation instability may occur.  Vertical drains in the foundation decrease the length of the 

drainage path for water squeezed from the soil voids during consolidation because the rate of 

consolidation is inversely proportional to the square of the length of drainage path.  This aspect of 

Terzaghi consolidation theory is well known to geotechnical engineers.   

 

Figure 1 shows a typical vertical drain installation under an embankment.   
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Figure 1.  Typical vertical drain installation for an embankment. 

 

2.1. Early history  (1920s-1930s); sand drains and the Kjellman paper drain  

 

The history and development of sand drains and the Kjellman paper drain in the 1920s and 30s is 

well documented by Rixner et al. (1986), Holtz (1989), and Holtz et al. (1991) and their 

references.   The theory of vertical drainage was developed by Baron (1948), who reworked the 

Terzaghi theory of consolidation into radial coordinates.  Until the early 1970s, all vertical drains 

were made of sand, with the exception of the Kjellman paper ñwickò drain (Kjellman, 1948a and 

b), which by the way is the prototype for virtually all modern prefabricated geocomposite drains.  

Figure 2 is a photograph of the Kjellman paper drain.  

 

 
 

Figure 2.  Kjellman paper drain. 

 

Figure 3 shows some of the equipment developed at the Swedish Geotechnical Institute (SGI) for 

installation of Kjellman paper drains.  Figure 4 shows the Kjellman drains being installated at 

Halmsjºn, Sweden, ca. 1946 or 1947.  Also shown in the photos is Prof. Karl Terzaghi (in the 

beret) who was a consultant at that time for the Swedish Government on the potential site for a 

new airport.  The bald gentleman to the immediate left of Terzaghi in Figure 4a is Walter 

Kjellman, inventor of the paper drain and founding director of the Royal Swedish Geotechnical 

Institute, as it was known then.   
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                                    a)                                      b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

                                                                        c)    

     
 

Figure 3.  Early equipment developed at the Swedish Geotechnical Institute for installation of 

Kjellman paper drains:  (a) 5 m depth and 2 tons pushing force; (b) 20 m depth and 28 

tons pushing force; and (c) the larger machine working on site. 

 

After I started working at the SGI in 1970, I was surprised to learn that after those early uses 

described above, the Kjellman paper drain was not used in Sweden.  Kjellman tried to give his 

patents for the drain to the Swedish government, but they were not interested.  So he sold his 

patents to Pieux Franki of Liege, Belgium, who bought the installation equipment from the SGI 

and promoted the use of the paper drain throughout the world.  They were quite popular in 

Europe and especially in Japan, but most of the vertical drains installed in the world at that time 

were sand drains. 
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                                       a)             b) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Kjellman paper drain installation, near Halmsjºn, Sweden, ca. 1946 or 1947.  Prof. Karl 

Terzaghi (in the beret) visited the site as a consultant; Walter Kjellman is standing 

immediately to the left of Terzaghi in Figure 4a.  

 

As mentioned, that was also true in Sweden, the home country of the Kjellman paper drain.  It 

may have been a case of ña prophet having no honour in his own countryò.  More importantly, 

however, it was probably due to the fact that the sand drain installation equipment was owned by 

the Swedish Road Board, and it was made available free of charge to contractors bidding on deep 

drainage projects for the main national highway system.  Thus it was difficult for Pieux Franki or 

any other competing vertical drain system to compete on these projects.   

 

Figure 5 is a map showing the test area at Halmsjºn, near the location of Arlanda Airport, the 

current international airport for the city of Stockholm.  For scale, the distance from the center of 

Stockhom to Arlanda is about 45 km.  However, in the early 1950s, the only interntional airport 

for Stockholm was in Bromma, a suburb surrounded by residences and with no room for 

expansion to take care of the increasing demand for air travel. 

 

 
Figure 5.  Map showing the test area at Halmsjºn and Sk¬-Edeby, as well as their relation to 

Stockholm and its suburbs in the 1950s. 
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2.2. Sand Drains and the Sk¬-Edeby Test Field (1957-60; 1970-72) 

 

In planning for a new airport for Stockholm, the Swedish Geotechnical Institute established a test 

field at one of the proposed sites near the village of Sk¬-Edeby about 25 km west of the city 

(Figure 5).  Although there was sufficient land area for a major international airport, the site was 

underlain with 10-12 m of soft glacial and post-glacial clays, and experience with even low 

embankments on those types of soils suggested that undesirable settlements would likely occur 

under the runways and taxiways. As noted in the Introduction, procedures available for 

improvement of soft clays were limited, and preloading with sand drains was considered to be the 

most feasible foundation stabilization method for this site.  In 1957, sand drains (160 mm 

diameter) were installed at various spacing under three loaded area test fills.  One area was 

constructed without drains as a control section, and appropriate instrumentation (settlement 

gages, piezometers, and inclinometers) was installed under all four test fills.  Hansbo (1960) 

described the site and its subsurface conditions, laboratory testing and soil properties, drain 

installation, instrumentation, and about three years of measurement results.   

 

                    a)                                                         b) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.  (a) Plan of the Sk¬-Edeby test field with some data about the test areas; (b) aerial 

photo of the original test field in 1957 shortly after the end of construction (Hansbo, 

1960) 

 

The SGI continued making settlement and piezometer measurements, but no detailed analysis of 

sand drain performance was performed until late 1970 when Dr. Bengt Broms, director of the 

SGI at that time, suggested that this might be an interesting project for meðand of course it was.  

The additional years of data indicated that all the sand drained areas had apparently reached 

equilibrium within a very few years.  So the really interesting aspect was the behavior of Area IV, 

the undrained area.  Even 13 years after loading, that area was still settling, and according to the 

SGI hydraulic piezometers installed in 1957, the excess pore water pressure was still quite high. 

This behavior was not well predicted by conventional settlement analyses and Terzaghi 

consolidation theory.  Thus new sampling and laboratory testing were performed on samples 

taken from under and outside the undrained area. We also installed some new vibrating wire 

piezometers under this area and performed additional settlement analyses using the traditional 

Terzaghi and the Hansbo (1960) consolidation settlement analyses. Additional observations were 

made of the drained areas, and the secondary compression behavior of Area III, which had been 

unloaded in 1962, was investigated.   
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Figure 7 shows some results from test Area I with the three different drain spacings.  Although as 

expected, the drains at 0.9 m settled the fastest, there was surprisingly little difference in the 

performance of 1.5 m and 2.2 m spacing.  Figure 8a is a similar plot of data for the undrained area 

IV, while Figure 8b shows how much excess pore water pressure still remains under this loaded 

area even after 13 years of settlement.  A detailed summary of laboratory and field data as well as 

an analysis of the settlement observations for all test areas is given by Holtz and Broms (1972). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Settlement and pore pressure performance of Test Area I with three different drain 

spacings but under the same fill loading, 1.5 m of gravel fill (Holtz and Broms, 1972).   
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   b) 

 

 

 

 

 

 

 

 

 

 

 

     (Hansbo, 1957) 

Figure 8.  (a) Settlement and pore pressure performance of Test Area IV; (b)  piezometric profiles 

under Area IV in 1970 (Holtz and Broms, 1972) 

 

Because there was some controversy about the efficacy of sand drains (e.g., Casagrande and 

Poulos, 1969), we excavated about 2.5 m of gravel fill and clay crust in Area I to expose two 

sand drains (Figure 9).  We took detailed water content and strength measurements adjacent to 

the drains in an attempt to detect the disturbed zone surrounding the drains.  We found sand-filled 

fractures extending out from the drain, apparently caused by hydraulic fracturing during 

installation.  These fractures had greatly increased the effective diameter of the drains and thereby 

significantly increased their effectiveness.  A detailed summary of the observations, soils tests, and 

results of our investigations are given by Holtz and Holm (1973).   

 

 
 

Figure 9.  Photographs of sand drains excavated in Test Area I with 0.9 m drain spacing (Holtz 

and Holm, 1973). 
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2.3 Prefabricated Vertical (Geocomposite) Drains (PDV) and the Geodrain, 1972 

 

The first modern prefabricated vertical geocomposite drain (PVD) was the Geodrain, developed 

in 1972, by O. Wager of the Swedish Geotechnical Institute.   The early versions of the Geodrain 

used a kraft paper filter as shown in Figure 10a; later versions used a nonwoven geotextile filter.  

A few years later, Wager developed the Alidrain, shown in Figure 10b.  An interesting early use of 

the geodrain was to reduce the pore water pressures caused by driving piling.  Figure 11a is a 

photograph of Wager with his drain attached to a timber pile about ready to be driven.  Figure 

11b shows an already driven pile; water has collected at the top of the drain indicating that the 

system was indeed functioning as intended.  For additional information about this case history, see 

Holtz and Boman (1974). 

 

Since the late 1970s, a large number of PVDs, more than 50 or 60 different types, have appeared 

on the market.  Because of competition, their cost has significantly decreased, and at the same 

time, contractors have developed rapid and efficient installation procedures.  Consequently, with 

rare exceptions, all types of sand drains are virtually obsolete today (Holtz et al., 1991; Holtz et 

al., 2001).  For additional information about PV drains, see Hansbo (1979 and 1981), Holtz 

(1987), Holtz and Christopher (1987), Hansbo (1997), and Holtz (2000). 

a)             b)  

    
 

Figure 10.  Two drains invented by O. Wager: (a) the Geodrain (1972), and (b) the Alidrain 

(1975). 

a)      b)       

                                                   
 

Figure 11.  (a) O. Wager with his Geodrain attached to a timber pile; (b) an already driven pile 

with the geodrain and collected water.  
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Vertical drainage is usually used in connection with preloading and surcharging of soft clays. An 

excellent reference on the design of these projects considering both consolidation settlement as 

well as stability design is given by Ladd (1991) in his Terzaghi Lecture.  For design to reduce 

secondary settlements, see Mesri and Feng (1991) and Mesri et al. (2001). 

 

The detailed design of PVD systems in given by Holtz et al. (1991).  They also provide practical 

suggestions for the geotechnical as well as PVD requirements and specifications, and other 

information about installation equipment, instrumentation and inspection, costs, and 

environmental aspects of PVD projects.  Some suggestions are given as to what to do if the PVDs 

do not work.  It is important to remember that for a successful PV drainage project: 

 

Å High quality site investigation and laboratory tests are essential 

Å Consider a full scale test embankment, especially for larger projects 

Å Instrumentationðpiezometers (well calibrated), settlement gages, inclinometers  ï also 

essential 

Å Contractual authority to control the contractor ï also essential to avoid failures due to 

surcharges 

Å Consider vacuum preloading and surcharging (see Holtz and Wager, 1975; Holtz et al., 

1989 and 2001). 

 

 

3.  LI ME COLUMNS 

 
Today, lime columns are one method of deep soil mixing (DSM), but when they were first 

invented in Sweden by Kjeld Paus in 1967, as far as we knew then they were the only method for 

stabilization of soils with lime deeper than ordinarily used for roadway subgrade stabilization.  

Developments of DSM technology in Japan undoubtedly occurred about the same time, but it 

took until the 1980s before Japanese procedures were imported to North America and Europe.  

This section will focus on the early research and development of lime columns that I personally 

was involved in, although a few recent developments will also be mentioned.  

 

Laboratory mixed test specimens of Swedish clays showed significant gain in strength even with 

modest amounts of lime, but mixing in the field was another matter.  The Swedish companies 

BPA Byggproduktion AB and Lind®n-Alimak AB worked with Paus to develop equipment for 

installing lime columns by what is now known as the ñdry mix method.ò  The early machine was 

able to install lime columns 0.5 m in diameter up to 6 m deep, and Pausô original intention was for 

lime columns to replace small diameter steel piling for housing and small buildings.  But he was 

having difficulty getting his invention accepted, so in 1972, he asked the SGI for help.  After some 

study of the limited laboratory data and field experience then available, Bengt Broms and I soon 

realized that lime columns were uneconomical in comparison with pilingðthey would never be 

able to compete is terms of cost/length/load capacity.   But some possible alternate applications 

were possible: (1) reduce the settlements of lightly loaded structures, and (2) increase the stability 

of excavations and slopes.  The first potential application had considerable promise, because in 

effect, the lime columns would in effect be extending the depth of the dry crust at the site.  As we 

shall see, there were serious questions regarding the feasibility of the second potential application.  
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Because a field test seemed appropriate for testing the first alternate application, a loading test 

was designed and carried out at the Sk¬-Edeby Test Field (Figures 5 and 6) in December 1972.  

Figures 12 a-d are photographs I took that day of the first installation of lime columns.  The 

columns were 0.5 m in diameter and installed to 6 m depth.  Figure 13 is a schematic of the 

mixing tool; dry line is introduced using compressed air through the drill stem and out the hole at 

the top of the tool.  Figure 14 shows the top of the installed lime column.   

 

                                     a)                          b)   

      
                                            c)                         d)  

          
   

Figure 12.  First installation of lime columns at Sk¬-Edeby test field, December 1972: (a) starting 

drilling; (b) close-up of installation equipment; (c) nearing the top of the hole; (d) the 

completed column with the special mixing tool visible at the bottom of the equipment. 
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Figure 13.  Schematic of the mixing tool.             Figure 14. Top of the installed lime column.   

  

The lime columns were installed in a 4 m by 4 m test area that was to be subsequently loaded with 

a gravel embankment 0.6 m thick to simulate the loading that would be applied by a small 

apartment or commercial building.  An adjacent 4 m by 4 m test area was constructed over 

unstabilized soils.  Figure 15a shows some of the instrumentation for precise settlement 

measurements under the loaded areas, while Figure 15b shows the results of the settlement 

measurements carried out for more than 5 years.  In this test, the lime columns significantly 

reduced the total settlements and made them much more uniform.  

a)                                                                                            b) 

  

Figure 15. (a) Some of the 

precision 

instrumentation for 

settlement 

measurements; (b) 

settlement of the test 

embankments. 

  

 

 

At the 10th International conference on Soil Mechanics and Foundation Engineering, a newer lime 

column machine was displayed (Figure 16a). This machine was able to install lime columns of 0.6 
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m in diameter to a depth of 10 m.  Figure 16b shows a small cut stabilized with three rows of lime 

columns, and Figure 16c shows two previously installed lime columns in an excavation.  In spite 

of the attempt to uniformly mix lime with the native soils, there are obvious zones of unslaked 

lime which are not likely to develop significant shear strength, especially when loaded laterally.  

Thus the second potential application, to increase the stability of excavations and slopes, is not 

very feasible. 

 

a)         b) 

 

 

 

 

 

 

 

 

   c) 

 

 

 

Figure 16.  (a) Installation machine able to install lime columns 0.6 m in diameter to a depth of 10 

m; (b) small cut stabilized with three rows of lime columns; (c) excavation next to two 

previously installed lime columns.   

 

Subsequent research on lime columns at the SGI has demonstrated the efficacy of the addition of 

other additives to the lime, e.g., Portland cement, fly ash, etc., especially when stabilizing soils 

containing even small amounts of organic materials.  The availability of materials is also 

important, as supply often fluctuates and this and affect the prices contractors pay.   

 

Procedures for designing stabilization with lime columns have been developed by Bengt Broms 

and his colleagues, and these are summarized by Holtz (1989).  Primary uses for lime columns in 

Sweden has been to reduce the bump at the end of bridges, and to replace pile supported 

embankments, which although relatively inexpensive in Sweden, using lime column-stabilized 

approach embankments is often even cheaper than timber piling.  
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In their summary of DSM for soil improvement, Holtz et al. (2001) noted that most DSM 

methods use the ñwet methodò in which the lime and/or cement is introduced into the subsoil as a 

slurry. They also describe some of the recent developments in DSM methods, equipment, and 

procedures.  One of the largest DSM projects was for the stabilization of the soft clays and 

hydraulic fill for the Kansai Airport in Osaka harbor.  Another very successful application was for 

the Boston Central Artery crossing the Four Point Channel filled with the famous soft Boston blue 

clay.  When highway I-15 was reconstructed in Salt Lake City, Utah, lime columns proved to be 

unsuccessful; they took too long to install, so an alternate stabilization method was used 

(lightweight polystyrene).  Probably one the more interesting developments in DSM is the 

establishment of the Swedish Deep Stabilization Research Centre, at the Swedish Geotechnical 

Institute in Linkºping, Sweden. This group has sponsored important specialty conferences in 

Sweden and abroad, and they have many publications, several in English.  See their website for 

up-to-date information about their activities and publications. 

 

 

4.  DYNAM IC COMPACT ION 

 
Although there is some evidence that the Chinese using falling weights to compact soils (Mitchell 

and Soga, 2005), the first documented use in the United States was by the US Army Corps of 

Engineers for the stabilization of hydraulic fills at the Franklin Falls Dam in New Hampshire in 

1935-6 (Figure 17).  After the famous failure of Fort Peck Dam, Montana in 1938 due to static 

liquefaction, the Corps no longer constructed dams using hydraulic fill.   

 

 
 

Figure 17.  Compaction of hydraulic fill, Franklin Falls Dam, New Hampshire, 1935-6. 

 

In the mid-1960s, Bob Lukas of STS Consultants in Chicago compacted rubble fills and other 

loose deposits by what he called ñpounding.ò He first used a wrecking ball but soon realized that a 

flat bottom weight was more effective.  In the late 1960s or early 1970s, Louis Menard in France 

developed and patented what he termed ñdynamic consolidation.ò   Several successful projects 

were carried out in Europe (Menard and Broise, 1975), although it soon became apparent that 

Menardôs method was really compaction, i.e., densification and volume chance due to 

rearrangement of soil particles, rather than consolidation due to expulsion of excess pore water. 

When the Menard company expanded into the US in 1976-77, they threatened Bob Lukas with 
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patent infringement.  He (probably less than politely) reminded them that he had been doing the 

same thing several years before their US patent was granted, and furthermore he could document 

these uses, and even furthermore, he didnôt care about their patents.   

 

Shortly after this, in 1979, I was involved with my Purdue colleague Prof. G. A. Leonards and 

William Cutter, a geotechnical consultant, in a soil improvement project in Indianapolis, Indiana.  

Dynamic compaction appeared to be the most feasible method to densify very loose sands at the 

site of a new warehouse located in a former sand and gravel processing pit. We informed the 

contractor about Menardôs patents, but he was unconcerned.  So a first trial field test was 

performed with a concrete-filled steel box with a mass of about 4100 kg and dropped 9 m with an 

ordinary construction crane in a simple three-drop point pattern.  Figure 18 shows the initial drop 

pattern, location of CPTs, and the increase in density after seven drops.  A second trial with a 

heavier mass, 5900 kg, and with a drop height of 12 m on a 25 drop point pattern resulted in even 

more dramatic improvement in cone resistance. Figure 19 shows the drop pattern along with three 

photographs of the test drops, and Figure 20 indicates the degree of improvement before and after 

compaction.   

 

   
 

Figure 18.  Trial No. 1: initial drop pattern and location of CPTs and the increase in density after 

seven drops. 
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 Figure 19. Trial No. 2: Drop pattern and three photographs of the test drops.  

 

 
   Figure 20.  Typical CPT results of Trial No. 2.  

  

From Trial No. 2 and other testing during construction, we discovered that the presence of a clay 

layer in between two loose sand layers very effectively dampens the vibrational energy and 

prevents densification of the loose sands below it.  Dynamic compaction leaves craters in the 

surface and it tends to loosen the near-surface sands. Thus contractors usually fill the craters and 

the surface is compacted with vibratory rollers or plate vibrators.  A detailed description of the 

two test trials, additional subsurface information, results of vibration measurements on already 

placed footings, and other interesting observations are detailed in the paper by Leonards, Cutter, 

and Holtz (1980).  

 

Menard and Broise (1975) proposed that the depth of influence of dynamic compaction could be 

estimated from the relationship, . We found however that a better fit of the available 

data in Figure 21 including our own indicated that the relationship should be .   Mayne 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 
 

32 

 

et al. (1984) collected more case histories that they showed that the exponent n in D = (Wh)n 

ranges from 0.3 to 0.8, so 0.5 is a good average value (Figure 22).   

    

   
 

Figure 21.  Depth of influence of dynamic compaction as a function of the energy/drop. 

    
  

Figure 22.  Depth of influence vs. energy per drop reported by Mayne, Jones, and Dumas (1984). 

 

Figure 23 is an attempt to measure the total energy applied to the degree of improvement.  The 

data at that time suggested that a maximum degree of improvement that could be expected is a 

CPT qc about 150 MPa. As discussed by Leonards, Cutter, and Holtz (1980), so many variables 

affect both dynamic compaction and CPT measurements that it is difficult to draw any conclusions 
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for other projects.  However, Mayne et al. (1984) used a different and simpler measure of applied 

energy, and their relationship, shown in Figure 24, is quite good.   

 

 
 

Figure 23.  Average cone penetration resistance vs. a measure of the energy applied to the 

compacted site.    

 

 
 

Figure 24.  Cone penetration resistance vs. applied energy/area (Mayne, Jones, and Dumas, 

1984). 

 

Since the early 1980s, not much has changed in dynamic compaction.  Contractors have learned 

how to modify their cranes to avoid equipment damage and failures. The US FHWA has 

sponsored two projects to review and summarize practice, and both projects were led by Bob 

Lukas.  His two reports are excellent summaries of what we have learned since those early days; 
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see Lukas (1986 and 1995).  One table (Table 1) from Lukas (1995) is worth showing here as it 

tends to confirm the information in Figures 23 and 24.   

 

   
 

 

5.  PILE -SUPPORTED EMBANKMENT S  

     (WI TH GEOTEXT ILE REINFORCEMENT ) 
 

It is interesting that pile-supported embankments constructed on soft foundations have only been 

recently discoveredðmore correctly, rediscovered in the US.  As far as I can determine, piles 

have been used in Scandinavia since the 1920s for support of railway embankments.  I suspect it 

was not long after before the same technique was also used for highway and other embankment 

fills.  By the 1960-70s, pile-supported embankments were typical practice, especially for the 

support approach embankments for bridges on soft soils.  Figures 25 and 26 show examples of 

two highway projects in Sweden from that era. 

 

 
Figure 25.  Cross-section of two pile-supported highway embankments in Sweden (Andreasson, 

1975)

Table 1. 
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Figure 26.  Cross-sections from a case history of a pile-supported highway embankment in 

Sweden, as reported by Andreasson (1975).   

 

As seen in Figure 25 and 26, the usual way to resist the lateral earth pressures exerted by 

the embankment was to drive the piles inclined, and if additional lateral support was 

required, to use either brushwood fascines between the pile caps or even steel cables to tie 

the pile-pile cap system together.   

 

I first got involved in pile-supported embankments in 1972 at a site in SW Sweden near the 

village of Nol where a new bridge was being constructed.  Due to a highly irregular bedrock 

surface, there was concern that inclined piles under the approach embankments would not 

seat properly when subsequently loaded by the embankment and this could lead to excessive 

settlements or maybe even a failure of the embankment.  The solution was to drive the piles 

vertical and then take up the horizontal forces with three layers of an industrial grade 100 

g/m2 multifilament woven polyester textile (Figures 27 and 28). The site was well 

documented and well instrumented, and all indications are that the reinforcement performed 

very well.  See Holtz and Massarsch (1976 and 1993) for additional details about this case 

history.   
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Figure 27.  Four photographs taken during the original construction in 1972. 

 

 

 
 

Figure 28.  Photographs of the completed project in 1972. 

 

In 2001, the highway was rebuilt and a sample of the reinforcing textile was retrieved and 

tested.  The results of these tests were reported by Harney and Holtz (2006). When pile-

supported embankments began to be employed in the US, the technology was called 

ñcolumn supported embankmentsò (CSE) because the columns can be piles, lime-cement 

columns or other types of columns (e.g., vibro-replacement, stone, geotextile-encased, 

vibro-concrete, etc.)  This is one of the advantages of CSE, that any pile or column type 

may be used.  The main objective is to reduce or eliminate settlement and/or stability 

problems, and another great advantage, especially in urban areas, is that construction of 

CSE is much faster than other soil improvement methods.  Disadvantages include high 

initial costs and that design methods are not standardized. 
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The US FWHA (2006) has developed criteria for successful CSE projects: 

¶ Clear spans between columns < 3 m 

¶ A minimum of three layers of geosynthetic reinforcement in the load transfer 

platform (LTP) 

¶ Spacing between reinforcement layers is 200-450mm 

¶ The initial strain in the reinforcement  is limited to 5% 

¶ Select granular fill with a friction angle > 35Ü is used in the LTP  

¶ Platform thickness is ² İ the clear span between columns 

¶ Columns are designed to carry full embankment load 

¶ Embankment height > clear span between columns 

¶ Area replacement ratio (Ac/A) is between 5-20% 

 

A short description of CSE technology can be found in the FHWA Resource Center, 

Geotech & Hydraulics Team publication:    

 http://www.fhwa.dot.gov/resourcecenter/teams/geotech/geo_3PSE.pdf  

For more information, see FHWA (2006).   

  

6.  CLOSING REMARKS 

 
This paper describes personal experiences with some ñearlyò (1960s-1970s) developments 

in soil improvementðmostly, but not all, at the Swedish Geotechnical Institute.  They 

included  

   

Å PV drains 

Å Lime columns 

Å Dynamic compaction 

Å Pile supported embankments  

 

In addition, some modest updating of recent developments in these technologies has been 

provided.   

 

Finally, I congratulate Professor Kutay ¥zaydin upon his retirement.  Both of us were 

students of Professor Raymond Krizek and proud graduates of Northwestern University.  

From the presentations at the honorary symposium at Yildiz Technical University, Istanbul, 

July 2, 2014, it is clear that during his long and productive career, Professor ¥zaydin has 

made many significant contributions to geotechnical engineering, both in Turkey and 

internationally.   His many honors are well deserved, and I am pleased to provide this small 

contribution to his honorary symposium.   

 

 

REFERENCES 
 

Barron, R. A. (1948) ñConsolidation of Fine-Drained Soils by Drain Wells,ò Transactions, 

ASCE, Vol. 113, pp. 718-747. 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

38 

 

 

Casagrande, L. and Poulos, S.  (1969)  ñOn the Effectiveness of Sand Drainsò, Canadian 

Geotechnical Journal, Vol. 6, No. 3, pp 297-326. 

 

FHWA (2006) ñColumn Supported Embankments, Technical Summary No. 7 in Ground 

Improvement Methods, Reference ManualðVolume II, US Federal Highway 

Administration, Publication No. FHWA-NHI-06-020. 

Hansbo, S. (1960)  ñConsolidation of Clay, with Special Reference to Influence of Vertical 

Sand Drains,ò Proceedings No. 18, Swedish Geotechnical Institute. 

Hansbo, S. (1979) ñConsolidation of Clay by Band-Shaped Prefabricated Drains,ò Ground 

Engineering, Vol. 12, No. 5, pp. 16-25. 

Hansbo, S. (1981) ñConsolidation of Fine-Grained Soils by Prefabricated Drains,ò 

Proceedings of the Tenth International Conference on Soil Mechanics and 

Foundation Engineering, Vol. 3, pp. 12-22. 

Hansbo, S. (1997) ñPractical Aspects of Vertical Drain Design,ò Proceedings of the 14th 

International Conference on Soil Mechanics and Foundation Engineering, 

Hamburg, Vol. 3, pp 1749-1752. 

Harney, M. D. and Holtz, R. D. (2006) ñMechanical Properties of Geotextile Reinforcement 

from Sweden, 30 Years After Installationò, Proceedings of the 8th International 

Conference on Geosynthetics, Yokohama, Japan, pp 1041-1044 (CD-ROM). 

Holtz, R. D., (1987) ñPreloading with Prefabricated Vertical Strip Drainsò, Geotextiles and 

Geomembranes, Vol. 6, Nos. 1-3, pp. 109-131. (Also published in Proceedings of 

the First Geosynthetic Research Institute Seminar on Very Soft Soil Stabilization 

Using High Strength Geosynthetics, Drexel University, Philadelphia, Pennsylvania, 

pp. 104-129.)  

Holtz, R.D. (1989) Treatment of Problem Foundations for Highway Embankments, 

NCHRP Synthesis of Highway Practice 147, Transportation Research Board. 

Holtz, R. D. (2000) ñPrefabricated Vertical Geocomposite Drainsò, Special Lecture 1-2, 

Proceedings of the International Symposium on Geotechnics Kochi (ISGK2000), 

Kochi, Japan, pp 13-21. (Also in Geotechnical Engineering Trends in the New 

Millennium, Proceedings of the 18th Central Pennsylvania Geotechnical Conference, 

ASCE/PennDOT, Hershey, Pennsylvania, Paper 6, pp 1-21.) 

Holtz, R. D. and Boman, P. (1974) ñA New Technique for Reduction of Excess Pore 

Pressures During Pile Drivingò, Canadian Geotechnical Journal, Vol. 11, No. 3, 

pp. 423-430. 

Holtz, R. D. and Broms, B. B. (1972) ñLong Term Loading Tests at Sk¬-Edeby, Swedenò, 

Proceedings of the ASCE Specialty Conference on Performance of Earth and 

Earth-Supported Structures, West Lafayette, Indiana, Vol. I, Part 1, pp. 435-464.  

(Also in Reprints and Preliminary Reports No. 51, Swedish Geotechnical Institute, 

and in Publications of the Centenary Celebration of the Hochschule f¿r Bodenkultur 

in Vienna, Lectures of the Faculty of Kulturteknik und Wasserwirtschaft, Vienna, 

Austria, Vol. V, Part 2, 1973, pp. 151-180.) 

Holtz, R. D. and Christopher, B. R. (1987) ñCharacteristics of Prefabricated Drains for 

Accelerating Consolidationò, Proceedings of the Ninth European Conference on 

Soil Mechanics and Foundation Engineering, Dublin, Ireland, Vol. 2, pp. 903-906. 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

39 

 

 

Holtz, R. D. and Holm, B. G. (1972) ñExcavation and Sampling Around Some Sand Drains 

at Sk¬-Edeby, Swedenò, Lectures of the Sixth Scandinavian Geotechnical Meeting, 

Trondheim, Norway, Norwegian Geotechnical Institute, pp. 75-89.  (Also in 

Reprints and Preliminary Reports, Swedish Geotechnical Institute, No. 51.) 

Holtz, R. D., Shang, J. Q., and Bergado, D. T. (2001) ñSoil Improvementò, Chapter 15 in 

Geotechnical and Geoenvironmental Handbook, R. K. Rowe, Editor, Kluwer 

Academic Publishers, pp 429-462.   

Holtz, R.D. and Wager, O. (1975) ñPreloading by VacuumðCurrent Prospectsò, 

Transportation Research Record 548, pp. 26-29.  

Holtz, R. D., Jamiolkowski, M., Lancellotta, R. and Pedroni, S. (1991) Prefabricated 

Vertical Drains: Design and Performance, CIRIA, Butterworths-Heinemann, 

London, England, 131 pp. 

Holtz, R. D. and Massarsch, K. R. (1976) ñImprovement of the Stability of an Embankment 

by Piling and Reinforced Earthò, Proceedings of the Sixth European Conference on 

Soil Mechanics and Foundation Engineering, Vienna, Austria, Vol. 1.2, pp. 473-

478. 

Holtz, R. D. and Massarsch, K. R. (1993) ñGeotextile and Relief Piles for Deep Foundation 

ImprovementðEmbankment Near Gºteborg, Swedenò, Geosynthetics Case 

Histories, G. P. Raymond and J. P. Giroud, editors, BiTech Publishers, Vancouver, 

British Columbia, Canada, pp. 168-169. 

Kjellman, W. (1948a) ñAccelerating Consolidation of Fine-Grained Soils by Means of 

Cardboard Wicks,ò Proceedings of the Second International Conference on Soil 

Mechanics and Foundation Engineering, Rotterdam, Vol. 2, Subsection 9d1, pp. 

302-305. 

Kjellman, W. (1948b) Discussion to ñConsolidation of Fine-Grained Soils by Drain Wells,ò 

Transactions, ASCE, Vol. 113, pp. 748-751. 

Ladd (1991) ñStability Evaluation for Staged Construction of Embankments on Soft 

Groundò,  1986 Terzaghi Lecture,  Journal of Geotechnical Engineering, ASCE, 

vol. 117, no. 4, pp 537-615                .  

Mesri, G. and Feng, T.-W. (1991), ñSurcharging to Reduce Secondary Settlements,ò 

Proceedings of Geo-Coast ô91 conference, Yokohama, pp 359-364. 

Mesri, G., Ajlouni, M. A., Feng, T.-W., and Lo, D. O. K. (2001) ñSurcharging of Soft 

Ground to Reduce Secondary Settlements,ò Soft Soil Engineering, Proceedings of 

the Third International Conference on Soft Soil Engineering, Lee, C.-F. et al., 

editors, Hong Kong, pp. 55-65. 

Lukas, R. G. (1986) "Dynamic Compaction for Highway Construction. Volume I: Design 

and Construction Guidelines," Federal Highway Administration, Report No. 

FHWA/RD-86/133. 

Lukas, R. G. (1995) ñDynamic Compaction,ò FHWA Geotechnical Engineering Circular 

No. 1, FHWA Report FHWA-SA-95-037, 105 pp. 

Mitchell, J. K. and Soga, K (2005) Fundamentals of Soil Behavior, 3rd Edition, Wiley, 577 

pp. 

Menard, L., and Broise, Y. (1975) ñTheoretical and Practical Aspects of Dynamic 

Consolidation,ò G®otechnique, Vol. 25, No. 1, pp.3-18. 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

40 

 

 

Mayne, P. W., Jones, J. S., and Dumas, J. C. (1984) ñGround Response to Dynamic 

Compaction,ò Journal of Geotechnical Engineering, ASCE, Vol. 110, No. 6, pp. 

757-  

Rixner, J. J., Kraemer, S. R., and Smith, A. D. (1986) ñPrefabricated Vertical Drains, Vol. 

1: Engineering Guidelines,ò Federal Highway Administration, Report No. FHWA-

RD-86/168, 117 pp. 

 

 

 

 

 

 

 

 

  

 

                                            

 

 

 

 

                          
 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

41 

 

 

 

 

 

 

 

 

     Prof. Dr. M. Nuray AYDINOĴLU 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

   Boĵazii ¦niversitesi 

Kandilli Rasathanesi ve Deprem Araĸtērma Enstit¿s¿    

   Deprem M¿h. Bºl¿m¿ 

   aydinogn@boun.edu.tr  
 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

42 

 

 

 

 

 

DEPREMDE YAPI ï KAZIK ï ZEMĶN ETKĶLEķĶMĶ Ķ¢ĶN 

PRATĶK BĶR Y¥NTEM 
 

A PRACTICAL METHOD FOR STRUCTURE ï PILE ï SOIL 

INTERACTION UNDER SEISMIC ACTION 
 

M. Nuray AYDINOĴLU1, U. Utku CELEP2, Gºkt¿rk ¥NEM3 

 

 

 

¥ZET 
 

¦styapē ile zeminin tek bir ortak sistem olarak sonlu eleman modeli ile idealleĸtirildiĵi ve 

taban kayasēnda tanēmlanan depremin etkisi altēnda analiz edildiĵi yºnteme Direkt 

(Doĵrudan) Yºntem adē verilir. Altsistem Yºntemiônde ise kazēklarla birlikte zemin ortamē ve 

¿styapē ayrē ayrē birer altsistem olarak modellenir. Uygulamada altsistem yºntemi 

erevesinde dinamik etkileĸim, kinematik etkileĸim ve eylemsizlik etkileĸimi olarak iki 

aĸamada incelenmektedir. ¥zellikle kazēklē temel sistemlerinde kinematik etkileĸim, 

kazēklarēn nonlineer dinamik davranēĸē bakēmēndan b¿y¿k ºnem taĸēr. Bu alēĸmada, zemin-

kazēk-yapē sistemlerinin pratik analizi iin uygulamada standart hale gelmiĸ geoteknik 

verilerin zemin ve kazēk ï zemin etkileĸimi modellemelerinde esas alēndēĵē etkin ve nisbeten 

basit bir nonlineer dinamik etkileĸim analizi yºntemi ºnerilmektedir.   

 

Anahtar sºzc¿kler: Kinematik etkileĸim, eylemsizlik etkileĸimi, kazēklē temeller, nonlineer 

davranēĸ  

 

 

ABSTRACT  
 

The soil-structure system may be analysed as a single common system through Direct 

Method of analysis under the earthquake action defined at the bedrock. Alternatively soil 

including piles and the structure can be modeled as subsystems within the framework of 

Substructure Method. In practice substructure method is implemented in two stages, namely 

kinematic interaction and inertial interaction. In particular, kinematic interaction may be 

significant for the nonlinear response of piled systems. In this study, a relatively simple but 

an efficient analysis procedure is proposed for structure-pile-soil systems, which can be 

modeled by standard geotechnical parameters.   

 

                                                
1 Prof. Dr., Boĵazii ¦niversitesi, Kandilli Rasathanesi ve Deprem Araĸtērma Enstit¿s¿, Deprem M¿h. Bºl¿m¿ aydinogn@boun.edu.tr  
2 Dr. M¿h., GeoDynamix Geoteknik Tasarēm ve Danēĸmanlēk, celepu@geo-dynamix.com 
3 Dr. M¿h., 2ER M¿ĸavirlik A.ķ., gokturkonem@2er.com.tr 
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Keywords: Kinematic interaction, inertial interaction, piled fpoundations, nonlinear 

response. 

 

 

1. GĶRĶķ: DEPREMDE YAPI ï ZEMĶN ETKĶLEķĶMĶ  
 

M¿hendislik uygulamalarē aēsēndan bakēldēĵēnda, b¿t¿n d¿nyada ve aynē zamanda bu 

memlekette dinamik yapē-zemin etkileĸimi genellikle yanlēĸ, en azēndan eksik bilinen bir 

olaydēr. Etkileĸim, karĸēlēklē etki demektir. T¿rkeôde ñĸimò eki karĸēlēlēk ifade eder. Bu 

anlamda yapē-zemin etkileĸimi deyince iki yºnl¿ bir olguyu, yani zeminin yapēyē etkilemesi 

karĸēlēĵēnda yapēnēn da zemini etkilemesini ifade etmiĸ oluyoruz. Ancak uygulamada 

genellikle tek yºnl¿ olarak zeminin yapēyē etkilemesi olgusu, o da eksik biimde olmak 

¿zere, ºn plana ēkarēlēr.  

 

Yapē-zemin etkileĸiminin doĵru ve eksiksiz bir tanēmē nasēl yapēlabilir? Yapē-zemin 

etkileĸimi, deprem etkisi altēnda (i) zemin ortamēnēn, (ii) y¿zeysel veya gºm¿l¿ yapē 

temelinin ve eĵer varsa kazēklarēn, (iii) ¿styapēnēn birarada gºzºn¿ne alēndēĵē ortak bir model 

erevesinde, yapē ve zeminin deprem sērasēnda birbirlerini karĸēlēklē olarak etkilemesi 

olarak tanēmlanabilir. Taban kayasēnda tanēmlanan deprem yer hareketinden oluĸan ve zemin 

ortamē iinde yayēlarak yapē temeline ulaĸan deprem dalgalarē, kēsmen yapē temelinden 

yansēyarak zemin ortamēna geri dºnerler, bir kēsmē da ¿styapēya geerek onun titreĸimine yol 

aarlar ve bu kez ¿styapēdan yansēyarak tekrar zemin ortamēna geri dºnerler. Olaya biraz 

daha yakēndan bakalēm:  Zemin ortamēnēn geometrik, mekanik ve dinamik ºzellikleri hi 

kuĸkusuz ¿styapēya aktarēlan deprem dalgalarēnē etkiler, ancak buna karĸēlēk ¿styapēnēn 

geometrik, mekanik ve dinamik ºzellikleri de ¿styapēdan zemine geri yansēyan dalgalarē 

etkileyerek taban kayasēndan gelen deprem dalgalarēnē deĵiĸikliĵe uĵratērlar. Ķĸte ¿styapēda 

ve zeminde meydana gelen bu karĸēlēklē etkilerin tanēmladēĵē dinamik olaya yapē-zemin 

etkileĸimi diyoruz. ¦styapēnēn ve zeminin nonlineer davranmalarē durumunda yapē-zemin 

etkileĸimi, deprem dalgalarēnē deĵiĸime uĵratmanēn ºtesinde hem ¿styapēnēn, hem de zeminin 

mekanik ºzelliklerini de etkiler ve bu deĵiĸen ºzellikler deprem dalgalarēnēn deĵiĸimini 

ayrēca etkiler.  ¦styapē temelinin kazēklē olmasē durumunda, kazēklar da taban kayasēndan 

gelen ve yansēyan deprem dalgalarēnēn deĵiĸimine katkēda bulunurlar ve karĸēlēĵēnda kendileri 

de ºnemli derecede deformasyona uĵrarlar ve hatta nonlineer davranēĸ gºstererek kendi 

mekanik ºzelliklerini deĵiĸtirirler. 

 

Bu alēĸmada, zemin ï kazēk ï yapē sistemlerinin pratik analizi iin uygulamada standart hale 

gelmiĸ geoteknik verilerin zemin ve kazēk ï zemin etkileĸimi modellemelerinde esas alēndēĵē 

etkin ve nisbeten basit bir nonlineer dinamik etkileĸim analizi yºntemi ºnerilmektedir.   

 

 

2. YAPI ï ZEMĶN ETKĶLEķĶMĶ ANALĶZ Y¥NTEMLERĶ 
 

Yapē-zemin etkileĸimi genel olarak iki yºntem ile analiz edilebilir (Aydēnoĵlu 1993):  
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2.1. Direkt (Doĵrudan) Yºntem (Ortak Sistem Yºntemi) 

 

¦styapē ile zeminin tek bir ortak sistem olarak sonlu eleman modeli ile idealleĸtirildiĵi ve 

taban kayasēnda tanēmlanan depremin etkisi altēnda analiz edildiĵi yºnteme ñDirekt 

(Doĵrudan) Yºntemò adē verilir. Bu yºntemde zemin ve ¿styapēdaki t¿m geometrik ve 

mekanik ºzellikler ile nonlineer davranēĸ uygun bir biimde gºzºn¿ne alēnabilir. Zemin 

ortamēnēn sonsuzluĵunu ifade edebilmek iin bu ortamēn dēĸ sēnērlarēna ñgeirgen sēnērlar ï 

transmitting boundariesò adē verilen yapay sēnēr koĸullarē uygulanēr. Bºylece temelden 

yansēyarak ve ¿styapēdan geri dºnerek zemin ortamē iinde dēĸa doĵru yayēlan deprem 

dalgalarēnēn, sonlu eleman modelinin sēnērlarēndan tekrar yansēyarak zemin ortamēna geri 

dºnmesi ºnlenmiĸ olur.  

 

Direkt Yºntemôde, kuvvetli yer hareketi altēnda gerek ¿styapēda, gerekse zeminde neydana 

gelebilecek nonlineer ĸekildeĵiĸtirmelerin ñ¿styapē-zemin ortak sistemiònin zaman tanēm 

alanēnda analizi ile doĵrudan elde edilebilmesi olanaĵē teorik olarak mevcuttur. Ancak 

g¿n¿m¿zde her iki ortamdaki nonlineer ºzellikleri tam olarak temsil edebilecek ve deprem 

m¿hendisliĵi aēsēndan pratik olarak kullanēlabilecek yazēlēmlar maalesef mevcut deĵildir. Bu 

nedenle aĸaĵēda aēklanan Altsistem Yºntemi yaklaĸēklēĵēna raĵmen tercih edilebilmektedir. 

Yºntemin yaklaĸēklēĵē, altsistem yaklaĸēmēnēn teorik olarak sadece lineer sistemler iin 

geerli olmasēdēr.  

 

2.2. Altsistem Yºntemi 

 

Altsistem Yºntemiônde kazēklarla birlikte zemin ortamē ve ¿styapē ayrē ayrē birer altsistem 

olarak modellenir. Bu modelleme pratikteki iĸbºl¿m¿ne de uygundur. Gerekten 

uygulamada zemin-kazēk altsistemi ile ¿styapē altsistemi, farklē uzmanlēk alanlarēndaki 

m¿hendislik gruplarē tarafēndan ayrē ayrē modellenir ve farklē bilgisayar yazēlēmlarē ile analiz 

edilir. Ancak bu farklē uzmanlēk gruplarēnēn aynē zamanda birbirlerinin ne yaptēĵēnē bilerek 

alēĸmalarē gerekir. Bu anlamda yapē-zemin etkileĸimi aynē zamanda ñyapēcē-zeminci 

etkileĸimiòdir. Altsistem Yºntemiônde, ¿styapē altsistemi ile kazēkïzemin altsisteminin 

arakesitindeki bina temeli ve eĵer varsa bodrum katlarēn dēĸ perdeleri (bodrum kutusu) ¿ 

boyutlu sonsuz rijit bir eleman olarak modellenir. G¿n¿m¿zde radye temel sisteminin yaygēn 

olarak kullanēlmasē, bodrum dºĸemelerinin de dēĸ bodrum perdeleri iin birer berkitme 

elemanē gibi alēĸmalarē nedeni ile, sonsuz rijit bodrum kutusu idealleĸtirmesi kabul edilebilir 

bir yaklaĸēklēk olarak deĵerlendirilebilir.  

 

Altsistem Yºntemi erevesinde zemin-kazēk altsisteminde, eĵer varsa zemin iyileĸtirmesi 

(taĸ kolon, jet grout, vb) de gºzºn¿ne alēnarak, tabakalē zeminin nonlineer dinamik 

ºzellikleri, temel geometrisi ve sēnēr koĸullarē ve eĵer varsa kazēklarēn da nonlineer dinamik 

ºzellikleri dikkate alēnēr. Temelin k¿tlesi gºzºn¿ne alēnmaz ve modelin dēĸ sēnērlarē olarak 

geirgen sēnērlar kullanēlēr.  
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3.  KĶNEMATĶK ETKĶLEķĶM VE EYLEMSĶZLĶK ETKĶLEķĶMĶ 
 

Altsistem modellemesi ile, yapē-zemin dinamik etkileĸiminin  

(a) Kinematik Etkileĸim  

(b) Eylemsizlik Etkileĸimi  

olmak ¿zere iki kēsma ayrēlmasē m¿mk¿n olmaktadēr. Ķlk kez Whitman tarafēndan tanēmlanan 

ve yapē-zemin etkileĸiminin kavramsal olarak aēk-seik anlaĸēlmasēnē saĵlayan bu ayērēm 

esas alēnarak, yine Whitman tarafēndan etkileĸim probleminin ºz¿m¿ iin ¦ Adēm Yºntemi 

adē verilen bir yºntem ºnerilmiĸtir (bkz. Whitman and Bielak 1980).  

 

Uygulama iin bu alēĸmada ºnerilen pratik yºntem de, hem ortak sistem yaklaĸēmē, hem de 

aĸaĵēda aēklanan ¦ Adēm Yºntemi erevesinde altsistem yaklaĸēmē esas alēnarak ºzellikle 

zayēf zeminler ¿zerinde inĸa edilen yapēlar iin g¿n¿m¿zdeki bilgisayar olanaklarē ile yapē-

kazēk-zemin etkileĸiminin gerekleĸtirilmesini amalamaktadēr. 

 

3.1. Kinematik Etkileĸim 

 

¦ Adēm Yºntemiônin birinci adēmē ñkinematik etkileĸimò analizidir. ¦ boyutlu olarak 

oluĸturulan temel-kazēk-zemin analiz modeli esas alēnarak, taban kayasēnda veya tam anlamē 

ile kaya olmasa bile Vs Ó 760 m/s, yani yeteri kadar rijit olduĵu varsayēlan ñm¿hendislik ana 

kayasēndaò tanēmlanan yatay deprem yer hareketi etkisi altēnda zaman tanēm alanēnda 

nonlineer analiz yapēlēr. Bu analize ñKinematik Etkileĸim Analiziò adē verilir. Uygulamada, 

kaynaktan taban kayasēna ulaĸan deprem etkisinin d¿ĸey doĵrultuda yayēlan kesme 

dalgalarēndan oluĸtuĵu, dolayēsēyla taban kayasēnda iki ana doĵrultuda sadece yatay 

hareketler meydana getirdiĵi varsayēlmaktadēr. 

 

ñKinematik Etkileĸim Analiziònin ēktēlarē olarak, rijit temelin tabanēnda ñetkin temel 

hareketi (effective foundation input motion)ònin b¿t¿n bileĸenlerine ait toplam ivme, hēz ve 

yerdeĵiĸtirmelerin zamana gºre deĵiĸimleri ayrē ayrē elde edilir. Hesaplanmasē ºncelikli etkin 

temel hareketi bileĸenleri, yatay iki ana eksen doĵrultusundaki ºteleme ve aynē eksenler 

etrafēndaki dºnme bileĸenleridir. Bu hareket bileĸenleri genellikle gºm¿l¿ temelin orta 

ekseninin altēndaki noktada tanēmlanērlar. ¢ok ºzel durumlar dēĸēnda, d¿ĸey eksen 

doĵrultusunda ºteleme ve aynē eksen etrafēndaki dºnme (burulma) hareketleri ihmal 

edilebilir. Kinematik etkileĸim analizinde zeminin ve kazēklarēn k¿tlesi gºzºn¿ne alēnēr, 

ancak temelin k¿tlesi dikkate alēnmaz. Bu analizde temel-zemin arakesiti bir kinematik sēnēr 

koĸulu olarak deĵerlendirilir. Her durumda, zemin ortamēnēn nonlineer ºzelliklerinin zemin 

dinamiĵi konusunda uzman olan geoteknik m¿hendislerince, kullanēlan bilgisayar 

yazēlēmēnēn gereklerine uygun olarak saptanmasē ºzel ºnem taĸēr. Kazēklarēn nonlineer 

modellerinin de, konusunda uzman yapē m¿hendisleri tarafēndan belirlenmesi gerekir. 

 

¥zellikle kazēklē temel sistemlerinde kinematik etkileĸim, kazēklarēn nonlineer dinamik 

davranēĸē bakēmēndan b¿y¿k ºnem taĸēr. ¢ok zayēf zeminlerde eĵik kazēk veya b¿y¿k aplē 

d¿ĸey kazēk yapēlmasē durumunda, gºreceli olarak ok rijit olan kazēk, zayēf zeminin yaptēĵē 

deformasyonu takip edemediĵinden, zemin kazēĵa ñabanarakò kazēkta ve ºzellikle kazēĵēn 
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¿stte temele baĵlantē noktasēnda aĸērē zorlanmalara ve b¿y¿k nonlineer ĸekildeĵiĸtirmelere 

(betonda geniĸ atlaklar, donatēda aĸērē plastik uzama) neden olabilir. Bu bakēmdan zayēf 

zeminlerdeki kazēklē temellerde kazēklarēn d¿ĸey ve olabildiĵince k¿¿k aplē (rijitliĵi az ï 

esnek) seilmesi ok ºnemlidir. Ancak bu her zaman m¿mk¿n olmaz.  

 

3.2. Eylemsizlik Etkileĸimi 

 

¦ Adēm Yºntemiônin ikinci ve ¿¿nc¿ adēmlarē ñEylemsizlik Etkileĸimiò olarak adlandērēlēr. 

Ķkinci adēmda rijit temelin tabanēnda birim yerdeĵiĸtirmeler empoze edilerek zemin-kazēk 

altsisteminin eĸdeĵer dinamik rijitliĵi hesaplanēr. ¦¿nc¿ adēmda ise, kinematik etkileĸim 

adēmēnda elde edilen etkin temel hareketi bileĸenleri, ¿styapē altsistemine temel alt 

seviyesinde etki ettirilir. Eylemsizlik etkileĸimi analizi, ¿stapē temeli tabanēnda tanēmlanan 

temel etkin yer hareketi bileĸenlerinin, yine temel tabanēnda  

tanēmlanan eĸdeĵer dinamik rijitlik matrisiône karĸē gelen yaylarēn altēndan ¿styapēya 

(binaya) etki ettirilmesi ile yapēlan ¿styapē (bina) deprem analizidir.   

 

Eylemsizlik etkileĸimi analizinde, sonsuz rijit bina temelinin ve varsa bodrum katlarēn 

(bodrum kutusu) t¿m k¿tle bileĸenleri de dikkate alēnacaktēr. Zemin ortamēnēn sonlu rijitliĵi 

ile birlikte bu k¿tlelerin de gºzºn¿ne alēnmasē ile eylemsizlik etkileĸimi analizinde ¿styapēnēn 

doĵal titreĸim periyotlarē, sonsuz rijit zemin varsayēmē ile yapēlan geleneksel analize oranla 

daha uzun periyotlar olarak elde edilirler. Bunun sonucu olarak, eylemsizlik etkileĸiminde 

¿styapēya etkiyen deprem y¿kleri ve ¿styapēda oluĸan etkiler, (kinematik etkileĸimde deprem 

verisinin, yani etkin temel ivmelerinin deĵiĸimi bir yana bērakēlērsa) etkileĸimsiz duruma (rijit 

zemin durumuna) oranla daha d¿ĸ¿k deĵerler olarak elde edilir. 

 

 

4.   KAZIKLI SĶSTEMLER Ķ¢ĶN PRATĶK BĶR MODELLEME VE  

      ANALĶZ Y¥NTEMĶ ¥NERĶSĶ 
 

4.1. Ortak Sistem Yaklaĸēmē ile Nonlineer Etkileĸim Analizi 

 

Zemin ï kazēk ï yapē sistemlerinin pratik analizi iin, uygulamada standart hale gelmiĸ 

geoteknik verilerin zemin ve kazēk ï zemin etkileĸimi modellemelerinde esas alēndēĵē etkin 

ve nisbeten basit bir nonlineer dinamik etkileĸim analizi yºntemi ºnerilmektedir. Yºntem, 

aĸaĵēdaki aĸamalardan oluĸmaktadēr: 

(a) Kazēkïzemin etkileĸiminin uygulamada 40 yēlē aĸkēn s¿redir yaygēn olarak kullanēlagelen 

nonlineer pïy, tïz ve QïZ yaylarē ile modellenmesi,  

(b) Taban kayasēnda tanēmlanan depremin etkisi altēnda tabakalē serbest zeminin nonlineer 

deprem analizi, 

(c) Serbest zemin analizinden elde edilen yatay toplam yer yerdeĵiĸtirmelerin sadece basēnca 

alēĸan pïy yaylarē aracēlēĵē ile kazēklara aktarēlmasē ve nonlineer olarak modellenebilecek 

¿styapē ile birlikte ortak sistemin zaman tanēm alanēnda analizi (dinamik yerdeĵiĸtirme 

y¿klemesi analizi). 
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Yukarēda tanēmlanan yºntem, daha ºnce aēklanan Direkt Yºntem (Doĵrudan Yºntem) 

veya Ortak Sistem Yºntemi adē verilen yºntemin ºzel bir uygulamasēna karĸē gelmektedir.  

 

(a) Kazēk ï zemin etkileĸiminin p ï y, t ï z ve Q ï Z  yaylarē ile modellenmesi 

 

Kazēkïzemin etkileĸiminin modellenmesi iin uygulamada yanal davranēĸ iin nonlineer      

pïy yaylarē, eksenel davranēĸ (evre s¿rt¿nmesi) iin tïz yaylarē ve eksenel kazēk u 

davranēĸē iin QïZ yaylarē yaygēn olarak kullanēlmaktadēr. pïy yaylarē kapsamēnda yumuĸak 

kil iin (su<50 kPa) Matlock (1970), su seviyesi altēndaki katē kil iin Reese ve diĵerleri 

(1975), su seviyesi ¿st¿ndeki katē kil iin Welch ve Reese (1972), kum iin Reese ve 

diĵerleri (1974)ônin statik ve tekrarlē y¿klemeler iin geliĸtirdiĵi nonlineer baĵēntēlar 

mevcuttur. tïz ve QïZ yaylarē iin ise genellikle American Petrolum Institute API WSD 

RP2A (2000) yºnetmeliĵinde tanēmlanan nonlineer baĵēntēlar kullanēlmaktadēr.   

 

(b) Tabakalē Serbest Zeminin Nonlineer Deprem Analizi 

 

Taban kayasēnda tanēmlanan deprem yer hareketinin etkisi altēnda, tabakalē serbest zeminin 

nonlineer deprem analizi (uygulamada genellikle zemin b¿y¿tmesi analizi olarak adlandērēlēr) 

Schnabel, Lysmer ve Seed (1972)ôin ilk alēĸmalarēndan bu yana 40 yēlē aĸkēn bir s¿redir, 

artēk standardize edilmiĸ bulunan nonlineer zemin parametreleri (kayma mod¿l¿ ve histeretik 

sºn¿m oranē) esas alēnarak, giderek geliĸtirilen eĸitli yazēlēmlarla nisbeten kolay bir biimde 

yapēlabilmektedir. Bu analiz sonucunda, her bir zemin tabakasēnda toplam yerdeĵiĸtirme, hēz 

ve ivme b¿y¿kl¿kleri zaman tanēm alanēnda elde edilebilmektedir.  

 

(c) Dinamik Yerdeĵiĸtirme Y¿klemesi ile Ortak Sistemin Nonlineer Deprem Analizi 

 

Geleneksel olarak yapē sistemlerinin dinamik deprem analizi, temel d¿zeyinde tanēmlanan yer 

ivmesi esas alēnarak, bu ivmeye karĸē gelen yer hareketine gºre ñrelatifò olarak tanēmlanan 

yapēsal yerdeĵiĸtirme, hēz ve ivmelerinin elde edilmesi amacē ile yapēlēr. Bu baĵlamda 

sistemde eylemsizlik kuvvetleri toplam ivmeye, sºn¿m kuvvetleri ve yapēsal diren 

kuvvetleri ise relatif hēz ve yerdeĵiĸtirmelere gºre tanēmlanēr. Bu analizde deprem verisinin 

sisteme etki ettirilmesine ñivme y¿klemesiò adē verilir. 

 

Nonlineer etkileĸim problemlerinde ise b¿t¿n dinamik b¿y¿kl¿klerin toplam deĵerlerinin 

esas alēnmasē uygun olmaktadēr. Bu baĵlamda, taban kayasēnda tanēmlanan depremin etkisi 

altēnda tabakalē serbest zeminin nonlineer deprem analiziônden elde edilen yatay toplam yer 

yerdeĵiĸtirmeler, sadece basēnca alēĸan nonlineer pïy yaylarē aracēlēĵē ile kazēklara aktarēlēr. 

Bu iĸleme ñyerdeĵiĸtirme y¿klemesiò adē verilmektedir. ¦styapēnēn da nonlineer olarak 

modellenebileceĵi ¿styapēïtemel (kazēk baĸlēĵē)ïkazēkïzemin ortak sisteminin Denk.(1)ôde 

verilen artēmsal hareket denkleminin zaman tanēm alanēnda ºz¿m¿ ile hem ¿styapēda, hem 

de kazēklarda meydana gelen nonlineer ĸekildeĵiĸtirmeler ve i kuvvetlerin zamana gºre 

deĵiĸimleri elde edilir.     
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 (1) 

 

 

 

 

 

 

Denk.(1)ôde M ij  , Cij  ve K i j sērasē ile k¿tle, son¿m ve rijijtlik altmatrislerini; s, b, p ve g 

indisleri ise, sērasē ile, ¿styapē, temel, kazēk ve serbest zemini gºstermektedir. Kg
pp = Kpg  

altmatrisleri, kazēĵēn her iki tarafēnda yer alan ve sadece basēnca alēĸan pïy yaylarēnē temsil 

etmektedir. ut
g vektºr¿ ise serbest zemin deprem verisini gºstermektedir (ķekil 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 1. ¦styapē-temel (kazēk baĸlēĵē)-kazēk-zemin ortak sisteminin ĸematik gºsterimi 

 

4.2. Altsistem Yaklaĸēmē (3 Adēm Yºntemi) ile Yaklaĸēk Nonlineer Etkileĸim Analizi 

Yukarēda aēklanan ñortak sistem etkileĸim analiziò yerine etkileĸim analizinin Kēsēm 3ôte 

ayrēntēlarē verilen ¦ Adēm Yºntemi erevesinde altsistem yaklaĸēmē ile yaklaĸēk olarak 

yapēlmasē da m¿mk¿nd¿r. Pratik bakēmdan daha uygun olacaĵē d¿ĸ¿n¿len bu yaklaĸēmēm 

ayrēntēlarē aĸaĵēda verilmiĸtir: 
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(a) 1. Adēm: Kinematik Etkileĸim  

Yukarēda Kēsēm 3.1ôde belirtildiĵi ¿zere, temel-kazēk-zemin altsisteminin analiz modeli esas 

alēnarak yapēlan kinematik etkileĸim analizinde, zeminin ve kazēklarēn k¿tlesi gºzºn¿ne 

alēnēr, ancak temelin k¿tlesi dikkate alēnmaz. Bu analizde temel-zemin arakesiti bir kinematik 

sēnēr koĸulu olarak deĵerlendirilir (ķekil 2). Buna gºre, temel-kazēk-zemin altsisteminin 

nonlineer davranēĸēnē temsil eden artēmsal hareket denklemi aĸaĵēdaki ĸekilde yazēlabilir: 

 

 

 

 

 

  (2)  

 

 

 

Bu analizin sonucunda, ¿styapēnēn etkisi gºzºn¿ne alēnmakēzēn deprem yer hareketinin etkisi 

altēnda serbest zemin davranēĸē nedeni ile kazēklarda meydana gelen i kuvvetler ve eĵer 

varsa, nonlineer ĸekildeĵiĸtirmeler elde edilir. Genellikle ¿styapēdan gelen etkiler sēnērlē 

olduĵundan, deprem etkisinde kazēklarda oluĸan etkilerin ºnemli kēsmē bu analizden 

kaynaklanēr. Analizin diĵer ºnemli ēktēsē, eylemsizlik etkileĸimi analizinde esas alēnacak ve 

Denk.(2) ve ķekil 2ôde xb
t ile gºsterilen Etkin Temel Deprem Hareketiôdir (Foundation 

Input Motion ï FIM). 

 

 

 

 

 

 

 

 

 

 

 

ķekil 2. Kinematik etkileĸim modeli 

 

Serbest zemin deprem analizinden zemin tabakalarē boyunca elde edilen maksimum 

yerdeĵiĸirmeler esas alēnarak Denk.(2)ônin nonlineer statik ºz¿m¿ ile kazēklarda oluĸacak 

plastik deformasyonlarēn ve i kuvvetlerin yaklaĸēk olarak hesaplanmasē da m¿mk¿nd¿r. 

Nonlineer analiz imkanlarēnēn kēsētlē olduĵu dºnemde, aynē ºz¿m¿n lineer uygulamasē 

Aydēnoĵlu vd (2000) tarafēndan yapēlmēĸtēr. 
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(b)  2. Adēm: Temel ï Kazēk ï Zemin Altsisteminin Nonlineer Rijitliĵi  

Bu adēmda, temel seviyesinde etkitilen tekil y¿k¿n etkisi altēnda temel-kazēk-zemin 

altsisteminin (ķekil 3) nonlineer y¿k ï yerdeĵiĸtirme iliĸkisini (ķekil 4) elde etmek ¿zere bir 

ñstatik itme (pushover)ò analizi yapēlēr. Ķtme eĵrisinin her artēmsal adēmdaki eĵimi, bir 

sonraki adēmda yapēlacak eylemsizlik etkileĸimi analizinde temel-kazēk-zemin altsisteminin 

nonlineer rijitliĵi olarak kullanēlacaktēr. Ķtme analizine iliĸkin nonlinear statik denge denklemi 

aĸaĵēdaki ĸekilde yazēlabilir: 

 

 

 

  (3) 

 

(c) 3. Adēm: Eylemsizlik Etkileĸimi  

Etkileĸim analizinin 3. ve son adēmēnē oluĸturan eylemsizlik etkileĸimi analizinde, 1. adēmda 

hesaplanan Etkin Temel Deprem Hareketiônin etkisi altēnda, temelïkazēkïzemin 

altsisteminin 2. Adēmda hesaplanan nonlinear rijitliĵi kullanēlarak ¿styapēïtemel  

altsisteminin zaman tanēm alanēnda artēmsal analizi yapēlacaktēr (ķekil 5). Bu adēma iliĸkin 

artēmsal hareket denklemi aĸaĵēda Denk.(4)ôteki ĸekilde yazēlēr: 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 3. Temel-kazēk-zemin altsisteminin nonlineer itme (pushover) analizi modeli 

 

 

 

 

 

 

 

 

 

ķekil 4. Temel-kazēk-zemin altsisteminin nonlineer itme (pushover) eĵrisi 

br

p
bpbb b b

g
ppb pp pp

            ȹ ȹ
 

ȹ     ( )   

è øë ûë ûî î î î
é ù =ì ü ì ü
é ù+ î îî îí ýí ýê ú

K K r f

rK K K 0

  
      

  

  bf

g
ppk

  

br

bf

p
bbS



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

51 

 

 

    

 

(4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ķekil 5. Eylemsizlik etkileĸimi modeli 

Bu analiz sonucunda ¿styapēdaki i kuvvetler ve nonlineer ĸekildeĵiĸtirmeler zamana baĵlē 

olarak elde edilir. Temel ï kazēk ïzemin altsisteminin nonlineer rijitliĵini temsil eden yaydan 

(ķekil 5) elde edilen en b¿y¿k yay kuvvetine karĸē gelen 2. adēmdaki itme analizi 

sonularēndan yararlanēlarak ¿styapēnēn etkisi ile kazēklarda oluĸan ilave etkiler de 

hesaplanabilir.   

 

 

5. KAZIKLI SĶSTEMLER Ķ¢ĶN ¥NERĶLEN PRATĶK Y¥NTEM    

    ¢ER¢EVESĶNDE ORTAK SĶSTEM YAKLAķIMI ĶLE YAPILAN   

    UYGULAMA ¥RNEĴĶ 
 

Yukarēda Kēsēm 4.1ôde ºnerilen pratik yºntemin ortak sistem yaklaĸēmē ile uygulanmasēna 

tipik bir ºrnek sunmak ¿zere ķekil 6ôda gºr¿len bir kºpr¿ ayaĵē ve 80 cm aplē kazēklē 

temelin oluĸturduĵu yapē-kazēk zemin ortak sisteminin deprem analizi Denk.(1)ôdeki 

form¿lasyon esas alēnarak, end¿stri standardē SAP 2000 programē ile yapēlmēĸtēr. Kazēklarēn 

inĸa edildiĵi zeminin profili ve t¿m zemin tabakalarē iin tanēmlanan nonlineer pïy eĵrileri 

ķekil 7ôde verilmiĸtir. Sadece basēnca alēĸan nonlineer zemin yaylarēnēn histeretik davranēĸē 

iin, kazēk ile zemin arasēnda boĸluk oluĸmasēna imkan veren Takeda modeli kullanēlmēĸtēr 

(CSI, 2013). Ortak sistemin toplam yerdeĵiĸtirme profili, kazēkla temastaki zemin ile serbest 

zeminin toplam yerdeĵiĸtirme profilleri ve tipik bir kazēĵēn moment diyagramē ķekil 8ôde 

toplu biimde gºsterilmiĸtir. Nonlineer serbest zemin analizinde -40.00 kotunda serbest 
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zemin tabanēna uygulanan deprem yer ivmesinin zamana gºre deĵiĸimi ķekil 9ôda verilmiĸtir. 

Serbest zemin y¿zeyinde ve aynē d¿zeydeki kazēk tepesinde elde edilen ivmelerin ve 

yerdeĵiĸtirmelerin zamana gºre deĵiĸimleri ise ķekil 10, 11ôde gºr¿lmektedir. 

Yerdeĵiĸtirmelerde etkileĸim nedeni ile oluĸan farklēlēklar dikkat ekicidir. ķekil 8ôden 

gºr¿ld¿ĵ¿ ¿zere, ilk 20 m derinlik boyunca gºreceli olarak zayēf bir zemin tabakasēnēn 

varlēĵē ve killerin p-y eĵrilerinde gºr¿len dayanēm kayēplarē nedeni ile kazēklarda kesinlikle 

istenmeyen zemin ii plastik mafsallaĸmalar oluĸabilmektedir.  

                            

 

ķekil 6. Kºpr¿ ayaĵē ve kazēklē temelinden oluĸan ¿syapē ï kazēk ï zemin ortak sistemi 

 

 

ķekil 7. p-y ĵrileri 
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ķekil 8. Zemin profili, ortak sistemin toplam yerdeĵiĸtirme profili, serbest zemin 

yerdeĵiĸtirme profili ve kazēk moment diyagramē 
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ķekil 9. Nonlineer serbest zemin analizinde -40.00 kotunda serbest zemin tabanēna 

uygulanan yer ivmesinin zamana gºre deĵiĸimi 

 

 
ķekil 10. Kazēk tepe ivmesi ve serbest zemin tepe ivmesinin zamana gºre deĵiĸimi 

 

 
ķekil 11. Kazēk tepe yerdeĵiĸtirmesi ve serbest zemin tepe yerdeĵiĸtirmesinin zamana gºre 

deĵiĸimi 

Serbest zemin y¿zeyi yerdeĵiĸtirmesi  

Kazēk tepe yerdeĵiĸtirmesi  

Serbest zemin y¿zeyi ivmesi  

Kazēk tepe ivmesi  
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6. SONU¢ 

 
Deprem etkisi altēnda dayanēm kaybēna uĵrayabilen zayēf zeminlerde inĸa edilecek kazēklē 

temellerin ¿styapē ile birlikte bir yapē-kazēk-zemin etkileĸimi modeli erevesine zaman tanēm 

alanēnda nonlineer zemin, kazēk ve ¿styapē davranēĸē dikkate alēnarak nisbeten kolayca analiz 

edilebileceĵi pratik bir yºntem ºnerilmiĸtir. Yºntemin belki de tek ºnemli eksiĵi, eylemsizlik 

etkileĸimi baĵlamēnda ¿styapē ve kazēklardan zemine geri dºnen titreĸimlerle ilgili radyasyon 

sºn¿m¿ etkisini ihmal etmesidir. Ancak bu varsayēm kazēk davranēĸē bakmēndan g¿venli 

yºndedir. Kazēklē temele sahip tipik bir kºpr¿ ayaĵē modeli ile yapēlan uygulama ºrneĵi, 

zayēf zeminlerde inĸa edilecek kazēklē temellerde nonlineer yapē-kazēk-zemin etkileĸimi 

analizlerinin mutlaka yapēlmasē gereĵini aēka ortaya koymaktadēr. 
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COLLABORATIVE SOFT G ROUND PROJECTS WITH 

KUTAY ¥ZAYDIN  
BOķ SATIRBOķ SATIR 

Tuncer B. Edil1 

BOķ SATIR 

BOķ SATIR 

BOķ SATIR 

ABSTRACT 
BOķ SATIR 

Having a long-association with Professor Ozaydin dating back to elementary school, to 

college (Robert College), to doctoral study (Northwestern University), we continued our 

collaboration during our academic lives until present when we both are retired.  There were 

several projects at Yildiz Technical University in which I participated in their related 

research aspects acting as a resource person while learning vastly about some real-world 

major projects.  Three of those projects that relate to soft ground engineering are presented. 

BOķ SATIR 

Keywords: soft ground, dredging, earth dam, settlement 

BOķ SATIR 

BOķ SATIR 

1. INTRODUCTION  
BOķ SATIR 

Three case histories of soft ground engineering are presented: 

¶ Hali (Golden Horn Dredging) 

¶ Alibey Barajē (Alibey Dam Settlement) 

¶ Hamzadere Barajē (Hamzadere Dam Construction) 

BOķ SATIR 

BOķ SATIR 

2. GOLDEN HORN DREDGING 
BOķ SATIR 

Golden Horn is a narrow and long river mouth dividing the European side of Istanbul.  The 

area is the site of many historical monuments. The upstream part of Golden Horn became 

almost completely filled; the water depth in this region was generally reduced to less than 

1.0 m and large areas were turned into swamp. ñGolden Horn Rehabilitation Project-

Investigations for Geotechnical and Pollution Characteristics of Sea Bottom Sedimentsò 

1995 Final Report concluded that dredging and land disposal is feasible (Yildirim and 

Ozaydin, 1997). In 1997-1998 dredging and disposal of 5 million m3 of sea bottom sediment 

was accomplished.  Currently, final rehabilitation of the disposal site is completed. 

A 1978 study of the bottom sediments indicated that: 

                                                
1 University of Wisconsin-Madison, tbedil@wisc.edu   
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¶ w= 220%-330% 

¶ LL= 62%-72% 

¶ PL= 47%-54% 

¶ Organic Content= 9.4%-31.7% 

¶ Putrescibility Index = 13.0-93.5 mgO2/g D  (oxygen demand) 

¶ Putrescibility Index after consolidation = 7.1- 12.6 mgO2/g DW 

¶ PO4-P = 0.1-0.4 mg/ g  DW 

¶ NH3-N= 0.3-5.8 mg/ g  DW 

The sediments were polluted.  The following pollution charactristics within the top 5 m 

zone were identified in the 1995 investigation:  

Heavy Metal Concentrations (Mg/kg DW) 

 Cu=50-1660   Fe= 2170-26400 

 Cr= 30-240   Ni=40-800   

 Zn=80-1500   Hg= 40-130 

 Pb=20-270   Cd=1-30 

 Al=18720-57280  Ca=5510-64490 

Organic Content and Oxygen Demand Parameter BOI5 

¶    Organic Content= 1.88%-6.72% 

¶    BOI5= 750-3800mg/kg DW 

Rehabilitation Works 

The Golden Horn Rehabilitation Project envisaged the dredging of sea bottom sediments at 

the upstream half to provide a minimum water depth of 5 m.  Considering that large areas 

near the upstream end were completely filled, and to make the project more feasible and 

manageable, it was proposed that in these parts not the total area of the Golden Horn is 

dredged but only wide channels are formed by dredging for Alibey and Kagithane streams.  

After investigations, rehabilitation works for the Golden Horn were contracted to a 

Turkish-American joint venture in the beginning of 1997. After the preparation of the 

disposal site at the rock quarry by building dams, dredging operations started in April 1997 

and continued for about 12 months.  In-situ volume of the material to be dredged was 

estimated at 5,000,000 m3 and it was realized during the time envisaged in the contract. 

A 40-m-high, zoned earth dam constructed at an abondoned rock pit site enabled the 

storage of about 5 million cubic meters of dredged material, which was pumped via a 

pipeline. Reclamation of the approx. 200,000 m2 storage area depended very much on 

successful modelling and prediction of the consolidation behavior of this high water content 

dredge material. 
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2.1. Consolidation Behavior of Golden Horn Dredgings 

 

Long-term studies through field observations, as well as field and laboratory experiments 

into the behavior of the high water content soft materials, such as dredged sludge and mine 

tailings, have led to improvements in our knowledge of these materials leading to better  

predictability of the future behavior. In addition, these studies have led to improvements in 

the test equipment and techniques that resulted in more accurate and realistic results, and 

hence better verification data for the numerical prediction tools.  In a consolidating soil 

deposit, relationships between effective vertical stress and void ratio (só-e) and coefficient 

of permeabilityïvoid ratio (k-e) are known to exist. Amongst several such relationships 

reported in the literature, the ones proposed by Somogyi (1979) are utilized in this study. 

 e= A(sô)B and k= C(e)D 

where A, B, C and D are experimentally determined constants.  

The constants C and D are determined from experimental measurements, estimated values 

for A and B constants are used to compute compression-time behavior using CS2 computer 

code (Fox and Berles, 1997) and by comparison with the observed values the (só-e) 

relationship is calibrated. 

A cylindrical experimental model tank measuring 100 cm in height and 80 cm in diameter 

was constructed in order to study the time dependent self weight consolidation behavior of 

high water content Golden Horn dredge material.  

2.2. Numerical Analysis of the Field Consolidation Behavior of Dredged Sediments 

 

The field behavior of the Golden Horn dredged clay was analyzed numerically using the 

consolidation constitutive parameters obtained from the seepage induced consolidation tests 

in this study.  In these analyses the CS2 computer program that was developed by Fox and 

Berles (1997) were used. The amount of the dredged material pumped to the disposal site at 

Alibeykoy was equivalent to an initial height at 73 m and the initial water content was 

300%.  

Predictions of rate of consolidation over time from the numerical analysis are plotted in the 

same graph along with the measurements taken from the field in Fig. 1. The numerical 

analysis results are in close proximity with the field measurements. These computed results 

are also in close agreement with the previous studies using CS2 model. 
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Figure 1. Predicted consolidation behavior of dredged material compared with field 

measurements. 

 

 

3.  ALIBEY DAM SETTL EMENT CASE HISTORY  
B 

Construction of earth dams directly on soft  sediments is not common. When river 

sediments are thick, excavation and replacement of such sediments to bedrock increases 

construction costs significantly (up to two folds).  Available methods for improving highly 

compressible and soft ground are limited: 

ïStaged construction: This approach takes time but can be accelerated with prefabricated 

vertical drains PVD). 

ïSupport on Rigid Columns:  This approach allows rapid construction but generally more 

expensive. 

Alibey Dam is an example of staged construction.  There are not many dams constructed 

with staged construction over soft ground in the world.  Ohio, USA West Branch Dam, a 

24.5-m high dam was constructed over 20-m thick clay deposit.  However, 25-mm wide 

longitudinal cracks were formed when the fill height reached 23 m.  Utah, USA Willard 

Dam, an 11-m high dam was consytructed over 30-m thick clay deposit.  It is a successful 

example, which was  constructed over 14 years and after extensive investigation including a 

test fill.  Other dams constructed by this method include Union Dam (successful), Seven 

Sisters Dam (developed cracks), and Alibey Dam in Istanbul (successful) (Ozcoban et al. 

2007). 

Alibey Dam is a homogeneous earth fill  and has the following characteristics.  It is 27.5-m 

high founded on 30-m thick clayey sediments by staged construction without vertical drains.  

Hydraulic conductivity of the bottom sediments was estimated based on laboratory and field 

tests as kh= 4kv = 2.3x10-8 m/s.  The construction started in 1968 and continued for 15 

years.  The maximum settlement was measured in the heavily instrumented dam to be 4.34 
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m in 24 years under the main body of the dam.  Settlement predictions were made by both 

conventional methods as well as numerical coupled analysis using PLAXIS code. Modern 

numerical analysis methods using coupled consolidation-deformation analysis using modern 

constitutive soil models provided accurate prediction of settlement for complex filling 

history (Fig. 2).  The key to the success of these predictions was correctly estimated 

operating field hydraulic conductivity.  Use of test fill data and earlier cofferdam 

construction data allowed proper estimation of this key property. 

          

 
Figure 2. Alibey dam filling schedule and settlements 

 
 

4. HAMZADERE DAM FOU NDATION IMPROVEMENT DESIGN 
 

Hamzadere Dam was intended to create a water reservoir adjacent to River Meri by 

pumping water from the river at high stage.  The objective was to support rice cultivation.  

Hamzadere Dam was planned as a clay-cored rock fill  dam to be founded on a designed fill 

replacing the bottom sediments and it has the following characteristics.  The dam is 29.5-m 

high and the foundation materials are 15 to 20-m thick high plasticity clay sediments.  The 

length of the dam is about 800 m.  As an alternative design, it was considered to build the 

dam as homogeneous earth dam using local clay soils and found it on improved bottom 

sediments. To improve the bottom sediments, staged construction accelerated with 

prefabricated vertical drains (PVD) was found to generate the least costly alternative with 

nearly 40% savings.  However, because of the economic value (rice cultivation), the 

duration of construction had to be limited to less than 600 days.  The operating hydraulic 
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conductivity of the bottom sediments was estimated based on available laboratory test data 

as kh= 2kv= 2x10-10 m/s.  The PVD design called for a triangular pattern with a spacing of 1 

m.  Based on a coupled finite element analysis using PLAXIS code resulted in a total 

settlement of 3.5 m at the end of 585 days of construction in 7 stages of fill placement each 

4-m thick and with 90 days construction and waiting period (Fig. 3).  Safety factors against 

sliding during each stage were maintained to be in excess of 1.3 with a final safety factor of 

1.09 involving an earthquake of 0.15g acceleration (Edil et al. 2008; Edil et al. 2009). 

 

 

    
Figure 3. Final settlement profile of Hamzadere Dam construction 

 

4.1. Questions Relating to PVDs 

 

There are some questions relating to the design, i.e., selection of PVD type and installation 

spacing, which affect the cost that have not been resolved unequivocally in the literature.  

There are additional questions for use of PVDs in Turkey because there have been few 

applications.  These questions include;  

ÅChange of shape due to large settlement and consequent reduction of PVD drainage 

capacity 

ÅImpact on horizontal permeability due to smear zone caused during installation and how its 

thickness can be minimized 

ÅProduction rate in Turkey (typically each machine installs 1000 m of PVD/day) 

ÅCost of PVD installation in Turkey 

ÅSubsequent sealing of the horizontal drainage layer placed under the dam to drain the water 

coming from PVDs 
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Dr. Tayfun ķeng¿l studied the PVD performance questions experimentally and analytically 

as part of his PhD research jointly at Yēldēz Technical University and the University of 

Wisconsin-Madison (ķeng¿l et al. 2013). 

 

4.2. Lessons Learned 

 

ÅModern numerical analysis methods using coupled consolidation-deformation analysis 

using modern constitutive soil models provide a means of optimizing filling program with 

adequate safety factors and predicting settlements. 

ÅReplacement of thick fine-grained alluvial sediments in dam foundations increases the cost 

by 30 to 50%. 

ÅExperience around the world and analyses indicate dams can be safely founded on fine-

grained sediments. 

ÅStaged construction accelerated with prefabricated vertical drains provide a cost-effective 

method achievable in a reasonable duration. 

Hamzadere Dam, however, was constructed according to the original design due to the 

contractual conditions. 

 

 

5. CONCLUSIONS 
 

Collaborative work with Prof. Dr. Kutay ¥zaydēn over several decades, not only helped 

each of us professionally, but also contributed to the training of numerous graduate students 

both at Yēldēz Technical University and at the University of Wisconsin-Madison.  Being 

associated with an active urban university (unlike mine) contributed much to the 

development of my engineering skills.  Of course, it was not all work.  The warm friendship 

of Kutay ¥zaydēn and his group has been steady and helped me maintain my ties with 

Turkey.  I am lucky and grateful. 
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SAHAYA ¥ZEL TASARIM DEPREMĶ ¥ZELLĶKLERĶ 
 

SITE SPECIFIC DESIGN EARTHQUAKE CHARACTERISTICS 
 

Atilla ANSAL 1, Gºke T¥N¦K 2, Aslē KURTULUķ 3 

 

 

 

¥ZET 
 

Zemin y¿zeyinde sēĵ temellere oturan yapēlarē etkileyecek olan deprem ºzellikleri, zemin 

kesitinde yer alan zemin ve kaya tabakalarēnēn m¿hendislik ºzelliklerine baĵlē olarak farklēlēk 

gºsterir.  Bu deĵiĸim zemin y¿zeyinde deprem ivme genliklerinin b¿y¿mesi veya k¿¿lmesi, 

ivme zaman kayētlarēnēn s¿re ve frekans ºzelliklerinin deĵiĸmesine neden olur.  Bir depremin 

yapēlar ¿zerindeki etkisinin daha gereĵe yakēn bir biimde hesaplanmasēnda zemin 

y¿zeyindeki deprem ºzelliklerinin ve olasē dinamik zemin davranēĸlarēnēn hesaba katēlmasē 

gerekir.  Bunun yapēlabilmesi iin zemin kesitinde yer alan zemin tabakalarē kapsamlē bir 

ĸekilde incelenmeli, aynē bºlgede olasēlēksal sismik tehlike analizleri ile uyumlu ivme zaman 

kayētlarē seilmeli ve zemin b¿y¿tme analizleri yapēlmalēdēr.  Bu amaca yºnelik olarak, tek 

boyutlu Shake91 analiz yºntemi frekans ve d¿ĸey gerilme etkilerini hesaba alacak ĸekilde 

geliĸtirilmiĸ ve bir zemin b¿y¿tme analiz yºntemi olarak kullanēlabilirliĵi 1999 Kocaeli 

depreminde alēnan deprem kayētlarē model edilerek gºsterilmiĸtir.  Bu yazēda sahaya ºzel 

tasarēm depremi ºzelliklerinin belirlenmesi iin geliĸtirilmiĸ olan yaklaĸēm ve gemiĸte 

yapēlan bazē alēĸmalardan elde olunan bulgular ºzetlenecektir.  

 

Anahtar sºzc¿kler: Zemin b¿y¿tme analizleri, kuvvetli yer hareketi, yerel zemin etkileri 

 

 

ABSTRACT 
 

The earthquake characteristics that will affect the buildings located on shallow foundations 

may vary depending on the engineering properties of the soil and rock layers encountered in 

the soil profile. These variations may lead to increase or decrease in the acceleration 

amplitudes as well as the duration and frequency content of the acceleration time records at 

the ground surface.  In order to determine realistically the effects of earthquakes on 

buildings it is necessary to take into consideration the earthquake characteristics on the 

ground surface as well as the possible dynamic response of the soil layers.  This stage 

requires detailed site characterization and site response analyses to estimate design 

                                                
1 Prof.Dr., ¥zyeĵin ¦niversitesi 
2 Y.Do.Dr., Mef ¦niversitesi 
3 Do.Dr., ¥zyeĵin ¦niversitesi 
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earthquake on the ground surface. The site specific acceleration design spectrum is 

determined based on the site response analyses conducted at the investigated site.  The 

uncertainties arising from the source characteristics is taken into account using large number 

of representative seismic hazard compatible (with respect to fault mechanism, earthquake 

magnitude, and fault distance) strong motion acceleration records.  These records are scaled 

to be compatible with design acceleration response spectrum calculated on the rock outcrop 

from the earthquake hazard study.  A methodology is proposed to estimate the design 

acceleration spectrum based on 1D site response analysis and the applicability of the 

proposed methodology is demonstrated based on the Dinar Earthquake case study. 

 

Keywords: Site response, strong ground motion, effects of local soil conditions 

 

 

1. GĶRĶķ 
 

Yerel zemin koĸullarēnēn yapē tasarēm s¿recinde gºz ºn¿ne alēnmasēnda deĵiĸik yaklaĸēmlar 

bulunmaktadēr.  Bunlarda ilki kuvvetli yer hareketi azalēm iliĸkilerinin kullanēlmasēdēr.  Bu 

deĵiĸik zemin koĸullarē iin, ok yaklaĸēk, ampirik bir katsayēnēn seilmesi ile hesaplanan 

yerel deprem ºzellikleri olur.  Bu alanda ok kullanēlan bir yaklaĸēm bu katsayēnēn zemin 

kesitinde ¿st 30 m iin hesaplanan kayma dalgasē hēzlarēnēn aĵērlēklē ortalamasēna baĵlē 

tanēmlanmasēdēr (Abrahamson vd., 2008). Ķkinci bir yaklaĸēm olarak zemin b¿y¿tme 

faktºrleri kullanēlmasēdēr. Bu yaklaĸēmda Borcherdt (1994) tarafēndan ºnerilen ve yaygēn bir 

ĸekilde kullanēlan ampirik b¿y¿tme faktºrleri, anakaya seviyesindeki ivme spektrumuna ve 

¿st 30m iin hesaplanan ortalama kayma dalgasē hēzēna baĵlē olarak hesaplanēr.  Sahaya ºzel 

b¿y¿tme analizi yaklaĸēmēnda ise, sºz konusu sahadaki zemin tabakalarēnē temsil eden kayma 

dalgasē hēz profili ve zemin ºzellikleri kullanēlarak genellikle bir boyutlu zemin b¿y¿tme 

analizleri yapēlmasēdēr (Ansal, vd., 2010; 2009). 

 

 

2. ĶSTANBUL DEPREM KAYITLARI  
 

Ķstanbul Acil M¿dahale kuvvetli yer hareketi kayēt aĵēnēn 55 istasyonu Ķstanbul Avrupa 

Yakasē Mikrobºlgeleme projesi kapsamēnda detaylē zemin araĸtērmalarēnēn yapēlmēĸ olduĵu 

alan iinde ve Atakºy, Zeytinburnu ve Fatih kuvvetli yer hareketi d¿ĸey deprem kayēt 

aĵlarēna yakēn mesafede bulunmaktadēr (Erdik vd., 2003). Bu kuvvetli yer hareketi 

istasyonlarēnda son yēllarda b¿y¿kl¿ĵ¿ ML > 4 olan sēnērlē sayēda deprem kaydedilmiĸtir 

(Kurtuluĸ, 2011).  Bu depremler iinden gºreceli olarak b¿y¿k yer ivmesine yol aan iki 

depremden birincisi 12.3.2008 tarihinde meydana gelen ve b¿y¿kl¿ĵ¿ ML=4.8 olan ¢ēnarcēk, 

ikincisi 19.5.2011 tarihinde meydana gelen ML=5.9 b¿y¿kl¿ĵ¿ndeki K¿tahya depremidir.  

ķekil 1ôde kuvvetli yer hareketi kayēt istasyonlarēnēn yerleri gºsterilmektedir.    

 

Atakºy d¿ĸey deprem istasyonlarēnda ¢ēnarcēk ve K¿tahya depremlerinde alēnmēĸ 

kayētlarēnēn ivme spektrumlarēnēn derinlikle deĵiĸimi ķekil 2ôde verilmiĸtir.  Buradan 

gºr¿lebileceĵi gibi aynē zemin koĸullarēnda alēnmēĸ kayētlarēn frekans ierikleri ok farklē 

olmaktadēr.  Bu farkēn baĸlēca sebebi K¿tahya depreminin yaklaĸēk 250km uzaklēkta olmasē 
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ve y¿ksek frekanslardaki dalgalarēn sºn¿mlenmiĸ olmasē olarak kab¿l edilebilir. Bu bulgular 

zemin h©kim periyodu tanēmēnēn deprem ºzelliklerine ok baĵlē olduĵunu gºstermektedir. 

 
ķekil 1. Ķstanbul Avrupa yakasēnda bulunan ve Acil M¿dahale Sistemi y¿zey kuvvetli yer 

hareketi ve d¿ĸey deprem kayēt istasyonlarēnēn yerleĸimi 

 

 
 

ķekil 2. Atakºy d¿ĸey deprem istasyonu tarafēndan farklē derinliklerde kayēt edilen ¢ēnarcēk 

ve K¿tahya kayētlarēnēn ivme spektrumlarē 

 

12.03.2008 ¢ēnarcēk depremini kaydeden ve mikrobºlgeleme alanē iinde yer alan Acil 

M¿dahale Sistemiôndeki 22 deprem kayēt istasyonu iin m¿hendislik kayasē derinlikleri ve 

¿st 30 m iin ortalama kayma dalgasē hēzlarē ķekil 3ôte verilmiĸtir. 
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ķekil 3. ¢ēnarcēk depremini kaydeden Ķstanbul Acil M¿dahele istasyonlarēndaki m¿hendislik 

anakayasē derinliĵi ve ortalama kayma dalgasē hēzlarē 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

69 

 

 

Y¿zey kayētlarēnda gºzlenen deprem ºzelliklerini modellemede iki farklē yaklaĸēmdan sºz 

edilebilir. Ķlk seenek zemin b¿y¿tme arpanlarēna dayanan ampirik bir yaklaĸēmē 

benimsemektir.  Bu deprem iin sarsēntē seviyesinin ok d¿ĸ¿k olmasēna ve bu seviyenin 

anakaya iin ºnerilen sarsēntē ĸiddeti aralēĵēnda olmamasēna raĵmen, Borcherdt (1994) 

tarafēndan ºnerilen ampirik zemin b¿y¿tme faktºrleri kullanēlabilir.  Ķkinci seenek ise d¿ĸey 

aĵ profilinde anakaya hareketi olarak kabul edilen 140m derinlikte ºl¿lm¿ĸ kaydēn girdi 

olarak alēndēĵē zemin b¿y¿tme analizleri yapēlmasēdēr.  

 

Ķlk aĸamada en b¿y¿k spektral ivmeler ¿st 30m iin hesaplanan ortalama kayma dalgasē hēzē 

(VS30) deĵerlerine baĵlē olarak Borcherdt (1994) tarafēndan ºnerilmiĸ olan ampirik zemin 

b¿y¿tme baĵēntēlarē ile hesaplanmēĸtēr (ķekil 4a). Diĵer yandan bu 22 istasyonda ve Atakºy 

d¿ĸey kayēt aĵēnda ana kaya seviyesinde kaydedilen ivme zaman deĵiĸimi kullanēlarak en 

b¿y¿k spektral ivmelere gºre Shake91 (Idriss ve Sun, 1992) programēnēn geliĸtirilmiĸ bir 

versiyonu ile tek boyutlu zemin davranēĸ analizleri yapēlarak model edilmiĸtir (ķekil 4b). 

Borcherdt (1994) yºntemi ile hesaplanan spektral ivme deĵerleri ve kaydedilen deĵerler 

arasēndaki ºnemli farklar ortaya ēkarken zemin b¿y¿tme analizleri ile bulunan deĵerler 

arasēnda ok daha iyi bir uyum gºzlenmektedir. Bu farklar ampirik yºntemin yetersizliĵine 

iĸaret etmektedir. Diĵer yandan kaydedilen en b¿y¿k ivmenin 10 mg mertebesinde olmasēna 

raĵmen, istasyonlar arasēndaki farklēlēklar zemin koĸullarēnēn etkisini gºstermektedir. 
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ķekil 4. ¢ēnarcēk depreminde Ķstanbul Acil M¿dahele istasyonlarēnda kaydedilen ve (a) 

Borcherdt yºntemi, (b) zemin b¿y¿tme analizleri ile hesap edilen en b¿y¿k spektral ivmeler 

 

 
 

ķekil 5. K¿tahya depreminde d¿ĸey deprem kayēt istasyonlarēnda en derin ivmeºlerlerden 

alēnmēĸ kayētlarēn ivme spektrumlarē 
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Diĵer yandan ML=5.9 K¿tahya Depremi her ¿ d¿ĸey ivme kayēt sistemi tarafēnda 

kaydedilen ilk deprem olmaktadēr.  Her ¿ noktada en derinde bulunmuĸ olan kayma dalgasē 

hēzlarē 1000 m/s mertebelerinde ve aralarēndaki mesafenin yaklaĸēk 5 km olmasēna raĵmen 

bu derinliklerde alēnmēĸ ivme kayētlarēnēn frekans ierikleri aēsēndan ķekil 5ôte gºsterilmiĸ 

olduĵu gibi ºnemli farklar gºzlenmiĸtir.  Bu m¿hendislik kayasē iin yapēlan Vs=750 m/s 

kabul¿n¿n ok geerli olmadēĵēnē gºsteren bir bulgu olmaktadēr.   

 

 

3. ĶSTANBUL KAYITLARININ MODELLENMESĶ 
 

17 Aĵustos 1999 M=7.4 Kocaeli Depreminde, kērēlan faya uzaklēk yaklaĸēk 100km olmakla 

birlikte Atakºy, Zeytinburnu ve Fatih kuvvetli yer hareketi y¿zey istasyonlarēnda alēnmēĸ 

ivme kayētlarēnda en b¿y¿k deĵerler 0.12g, 0.17g, 0.19g mertebelerine ēkmēĸtēr.   

 

Zemin b¿y¿tme analizleri iin seilmiĸ olan Shake91 (Idriss ve Sun, 1992) yºnteminde 

ºnemli bir eksiklik, b¿y¿tme analizlerinde birim kaymaya baĵlē dinamik kayma mod¿l¿ ve 

sºn¿m oranēnēn efektif d¿ĸey gerilmeyle deĵiĸiminin gºz ºn¿ne alēnmamēĸ olmasēdēr. Bu 

etkinin araĸtērēlmasē iin yapēlan analizlerde evre basēncēna baĵēmlē iliĸkilerin kullanēlmasēnēn 

ortalama iliĸkiler kullanēlarak bulunan sonulara gºre daha b¿y¿k deprem ºzellikleriyle 

sonulandēĵēnē gºstermektedir (Darendeli, 2001, Darendeli vd., 2001).  Bu da sonularēn 

g¿vensiz tarafta kalacaĵē anlamēna gelir.  Shake91 kodunda yapēlan bir iyileĸtirme ile zemin 

b¿y¿tme analizlerinin efektif gerilmeye baĵēmlē dinamik kayma mod¿l¿ ve sºn¿m oranē 

iliĸkileri kullanēlmasē m¿mk¿n olmuĸtur.  

 

Eĸdeĵer doĵrusal analiz yºntemindeki diĵer bir eksiklik, frekansa baĵlē olarak k¿¿k sºn¿m 

deĵerlerinin hareketi olduka etkilemesidir.  Eĵer b¿y¿k derinlikler iin analiz yapēlacaksa, 

sºn¿m¿n artan derinlikle azalacak ve b¿y¿k derinliklerde daha k¿¿k deĵerlere d¿ĸecek 

ĸekilde deĵiĸtirilmesi gerekmektedir.  Sugita vd. (1994) tarafēndan ºnerilen yaklaĸēm esas 

alēnarak Shake91 kodunda yapēlan diĵer bir iyileĸtirme ise hesap yºnteminde bu frekansa 

baĵēmlēlēk gºz ºn¿ne alēnmasē olmuĸtur. 

 

Kocaeli depreminde Ķstanbul Teknik ¦niversitesi Maslak Kamp¿s¿nde anakaya ¿zerinde 

alēnmēĸ ivme zaman kaydē kullanēlarak ķekil 6'da gºsterilmiĸ olduĵu ¿zere Atakºyôde 

y¿zeyde kayēt edilmiĸ olan ivme spektrumu ile hesapla bulunmuĸ olan spektrumlar 

verilmiĸtir.  Buradan gºr¿leceĵi gibi geliĸtirilmiĸ bir boyutlu zemin b¿y¿tme analiz programē 

Shake91 ile kayēt edilmiĸ deprem ºzelliklerini her iki doĵrultuda gereĵe yakēn bir ĸekilde 

model etmek m¿mk¿n olmaktadēr. 
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ķekil 6. 17/08/1999 depreminde Atakºyôde kaydedilmiĸ ve hesaplanmēĸ ivme spektrumlarē 

 
 

4. ZEMĶN B¦Y¦TME ANALĶZLERĶ 
 

Sismik tehlike analizinde farklē aĸēlma olasēlēklarē iin m¿hendislik kayasēnda ¿zerinde elde 

edilen deprem ºzellikler kullanēlarak zemin b¿y¿tme analizleri yapēlēr.  Daha ºnceki 

bºl¿mlerde gºsterilmiĸ olduĵu ¿zere, bu analizler yardēmēyla zemin y¿zeyinde sahaya ºzel 

deprem ºzellikleri, bir boyutlu ve eĸdeĵer doĵrusal bir analiz programē olan Shake91 (Idriss 

ve Sun, 1992) kullanēlarak hesaplanabilir.  Yerel zemin davranēĸēnēn analizinde tek boyutlu 

dalga yayēlēmē analizlerinin uygulamada basit olmalarēnēn yanēsēra g¿venli tarafta kalan 

sonular verdikleri inancēyla olduka yaygēn olarak kullanēlmaktadēr.   

 

Bu analizlerde ilk aĸamada zemin ºzelliklerinin belirlenmesi amacēyla geoteknik, jeolojik ve 

jeofizik incelemelere ve zemin numuneleri ¿zerinde yapēlan laboratuvar deneylerine baĵlē 

olarak temsili zemin profillerinin seilmeli, kayma dalgasē hēz (Vs) profili, dinamik kayma 

mod¿l¿ ve sºn¿m oranēnēn birim kaymaya gºre deĵiĸimleri belirlenir. 

 

Zemin b¿y¿tme analizlerinde incelenen bºlge iin yapēlmēĸ sismik tehlike analizinde 

belirlenmiĸ sismik ve tektonik koĸullar (ºrn. fay mekanizmasē, deprem b¿y¿kl¿ĵ¿ ve fay 

uzaklēĵē) ile uyumlu depremlerde alēnmēĸ ivme kayētlarēnēn seilmesi tercih edilir (Bommer ve 

Acevedo, 2004; Bommer vd., 2000).  Bu uyumu saĵlayan kayētlardan analizlerde 

kullanēlmak ¿zere m¿mk¿n olduĵunca ok sayēda seilmesi, analizlerde deprem kaynak 

ºzelliklerindeki farklēlēklarēn bir aēdan hesaba alēnmasēnē saĵlar.  Bu koĸullarēn yanē sēra 

seilecek kayētlarēn, y¿zeylenmiĸ m¿hendislik anakayasē iin hesaplanmēĸ hedef ivme tasarēm 

spektrumlarē ile uyumu da aranēr.   

 

Zemin b¿y¿tme analizleri iin bu ĸekilde seilen ivme kayētlarēnēn hedef tasarēm ivme 

spektrumu ile uyumunu saĵlamak iin bir yºntem b¿t¿n ivme kayētlarēnē sismik tehlike 

analizlerinde belirlenmiĸ en b¿y¿k ivme deĵerine gºre oranlamaktēr.  ķekil 7ôde en b¿y¿k 

ivme deĵerine gºre bir oranlama yapēldēĵēnda, her ivme kaydē iin hesaplanan ve hem de 

ortalama ivme spektrumu gºsterilmiĸtir.  
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ķekil 7. 2475 ve 475 senelik dºn¿ĸ¿m periyodlarē iin sismik tehlike analizleri sonucunda 

hesaplanmēĸ ivme tasarēm spektrumlarē ve en b¿y¿k ivme deĵerine gºre oranlamēĸ kayētlarēn 

ivme spektrumlarē ve ortalama ivme spektrumlarē 

 

M¿hendislik uygulamasē aēsēndan ivme spektrumu zemin y¿zeyinde deprem ºzelliklerini 

yansētan ve yapē tasarēmē iin gereken bir parametre olmaktadēr.  Ansal vd. (2011) tarafēndan 

gºsterilmiĸ olduĵu ¿zere, tanēmlanmēĸ aĸēlma olasēlēklarē iin olasēlēksal olarak hesaplanmēĸ 

spektrumlar zemin b¿y¿tme analizlerinden bulunan ortalama + 1 standart sapma deĵerine 

karĸē gelen ivme spektrumlarē ile uyumlu olmaktadēr, bu nedenle her durum iin kapsamlē 

istatistiksel bir deĵerlendirme yapmadan ortalama + 1 standart sapma deĵerlerine karĸē gelen 

ivme spektrumu tasarēm spektrumu olarak seilebilir (Tºn¿k vd., 2013). 

 

ķekil 8ôde 25 zemin profili iin spektrum uyumlu olarak seilmiĸ 22 ivme zaman kaydē 

kullanēlarak yapēlmēĸ zemin b¿y¿tme analizlerinden %5 sºn¿m oranē iin hesaplanmēĸ ivme 

spektrumlarē ve bunlarēn ortalama ve ortalama+1 standart sapma deĵerlerine karĸē gelen 

ivme spektrumlarē gºsterilmiĸtir.  Bu ĸekilden de gºr¿leceĵi gibi, ortalama + 1 standart 

sapma deĵerine karĸē gelen ivme spektrumunun bir zarfē olarak d¿zenlenmiĸ ivme 

spektrumu, ºnerilen ivme tasarēm spektrumu olarak seilebilir. 

 

 
 

ķekil 8. 2475 ve 475 yēl dºn¿ĸ¿m periyodlarē iin zemin y¿zeyinde hesaplanmēĸ ivme 

spektrumlarē ve ºnerilen ivme tasarēm spektrumu 
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5. DĶNAR METEOROLOJI ĶSTASYONU TASARIM DEPREM I 
 

Sahaya ºzel tasarēm deprem ºzelliklerinin belirlenmesinde baĸlangē noktasē o sahada 

m¿hendislik anakaya mostrasē iin hesaplanmēĸ olasēlēksal sismik tehlike ivme 

spektrumlarēdēr.  Geliĸtirilmiĸ olan yºntemde, m¿hendislik anakayasē mostrasēnda seilen 

ivme zaman kayētlarē, inceleme sahasē iin bulunmuĸ sismik tehlike ve ivme tasarēm 

spektrumu ile uyumlu olmalēdēr. 

 

Yapēlan analizler olasēlēksal olduĵu iin sonuta elde olunan tasarēm ivme spekturumu 

bºlgede olabilecek b¿t¿n depremlerin ivme spektrumlarēnēn bir zarfē olmalēdēr.  ¥nerilen 

yºntemin bu aēdan uygulanabilirliĵi gemiĸ depremlerde elde edilen kayētlara dayanarak 

gºsterilebilir.  Bºyle bir deĵerlendirme 1995 Dinar depremi iin yapēlmēĸtēr. Bu alēĸmanēn 

yapēlabilmesinde yaĸanan depremin Dinar iin sismik tehlike alēĸmalarēnda ºngºr¿lm¿ĸ olan 

deprem b¿y¿kl¿ĵ¿ ile uyumlu bir deprem olmasēndan ve bºylelikle bir karĸēlaĸtērma 

imk©nēnēn doĵmuĸ olmasēndan yararlanēlmēĸtēr. 

 

5.1. Dinar Depremi ve Kayēt Ķstasyonu 

 

1 Ekim 1995 tarihinde Dinarôda meydana gelen Ms=6.1 b¿y¿kl¿ĵ¿ndeki depremde t¿m 

yapēlarēn yaklaĸēk %40ôē yēkēlmēĸ veya aĵēr hasar gºrm¿ĸt¿r.  Bu deprem, Dinarôēn kuzey 

batēsēnda ve KB-GD doĵrultusunda yeralan Dinar ¢ivril fayēnēn kērēlmasē sonucu oluĸmuĸtur.  

Artē depremlerin yayēlēmē ve y¿zey kērēklarē, kērēlma uzunluĵunun 10-15km, fay ºz¿mleri 

fayēn kērēlma doĵrultusunun K130D ve dalēĸ aēsēnēn 41Á olabileceĵini gºstermiĸtir.  Yer 

deĵiĸtirmeler d¿ĸey doĵrultuda 20-50 cm yatay doĵrultuda ise 5-10cm mertebelerindedir.  

Depremin merkezi Dinar ĸehrinin tam altēnda ve 24km derinliktedir (Durukal vd., 1998; 

Eyidogan ve Barka, 1996).  Depremin ºnc¿leri 26 Eyl¿l 1995 g¿n¿nde baĸlamēĸ ve ana 

deprem 1 Ekim 1995 g¿n¿ meydana gelmiĸtir. 

 

Ana depremi ve b¿t¿n ºnc¿ ve artē depremleri kaydeden kuvvetli yer hareketi kayēt cihazē 

Dinar Meteoroloji istasyonunda yer almaktadēr.  Deprem sonrasē yapēlan arazi alēĸmalarē 

sērasēnda (Ansal vd., 2001) ve sonradan T¿rkiye genelinde yer hareketi kayēt cihazē sahalarē 

iin y¿r¿t¿len araĸtērma kapsamēnda (TBTK, 2010) Dinar Meteoroloji istasyonu zemin 

kesitinde yer alan zemin tabakalarēnēn ºzelliklerini ve kayma dalgasē hēzēnēn derinlikle 

deĵiĸimini belirlemek iin sondaj alēĸmalarē ve sismik arazi deneyleri yapēlmēĸtēr. (Iyisan ve 

Hasal, 2011).   

 

5.2. Dinar Sismik Tehlike ¢alēĸmalarē ve Kayēt Seimi 

 

Dinar bºlgesine yºnelik sismik tehlike konusunda yapēlmēĸ olan alēĸmalardan biri 

Demircioglu vd. (2007) tarafēndan yapēlmēĸ olan alēĸmadēr.  Bu alēĸmada Dinar iin 475 ve 

2475 senelik dºn¿ĸ¿m periyotlarē iin m¿hendislik ana kayasēndaki ivme tasarēm 

spektrumlarē verilmektedir.  Diĵer bir alēĸma ise ¥cel vd. (1988) tarafēndan yapēlmēĸ 1995 

Dinar depreminin oluĸtuĵu Dinar-¢ivril fayēna ait sismik tehlike alēĸmasēdēr.  Bu alēĸmaya 

gºre 475 yēllēk dºn¿ĸ¿m periyodu iin hesaplanmēĸ olan olasē deprem b¿y¿kl¿ĵ¿ Ms=6.6 

mertebesindedir.  Demircioĵlu vd. (2007) alēĸmasēnda deprem b¿y¿kl¿ĵ¿ verilmemiĸ 
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olmakla birlikte 475 ve 2475 senelik dºn¿ĸ¿m periyotlarē iin ºnerilmiĸ spektral ivme 

deĵerleri ¥cel vd. (1988) tarafēndan tahmin edilmiĸ deprem b¿y¿kl¿ĵ¿ ile uyum 

gºstermektedir.  Bu nedenle Dinar deprem istasyonunda sahaya ºzel deprem ºzellikleri 

belirlenirken m¿hendislik kaya mostrasēnda Demircioĵlu vd. (2007) tarafēndan verilen 

deĵerler esas alēnmēĸtēr. 

 

Bu sismik tehlike alēĸmalarē gºz ºn¿ne alēnarak belirlenmiĸ sismik tehlike ile uyumlu PEER 

(2012) kuvvetli yer hareketi veri tabanēndan zemin b¿y¿tme analizlerinde kullanēlmak ¿zere 

12 adet deprem ivme kaydē seilmiĸtir. 

 

 
 

ķekil 9. 2475 ve 475 sene dºn¿ĸ¿m periyodu iin sismik tehlike analizleri sonucunda 

hesaplanmēĸ ivme tasarēm spektrumlarē ve bunlar ile en iyi uyum gºsteren ortalama ivme 

spektrumlarēna gºre deprem kayētlarē iin hesaplanmēĸ ivme spektrumlarē 

 

Zemin davranēĸ analizleri iin sismik tehlike ile uyumlu seilmiĸ kayētlarēn sismik tehlike 

alēĸmasēnda Dinar iin hesaplanmēĸ ivme tasarēm spektrumlarē ile uyumlu olacak ĸekilde 

boyutlandērēlmasē gerekmektedir.  Yapēlmēĸ olan bu boyutlandērmadan elde olunan ivme 

spektrumlarē ķekil 9'da m¿hendislik anakaya mostrasē iin verilmiĸ ivme tasarēm 

spektrumlarē ile birlikte gºsterilmiĸtir. 

 

5.3. Zemin B¿y¿tme Analizleri  

 

Dinar iin yapēlmēĸ olan sismik tehlike alēĸmalarēndan m¿hendislik anakaya mostrasē iin 

475 ve 2475 sene dºn¿ĸ¿m periyotlarēna karĸē gelen ivme tasarēm spektrumlarē ve bunlara 

uyumlu olacak ĸekilde boyutlandērēlmēĸ olan ivme zaman kayētlarē kullanēlarak Dinar Deprem 

Ķstasyonunun bulunduĵu nokta iin sahaya ºzel tasarēm spektrumu hesaplanmēĸtēr. 

 

Yapēlan zemin b¿y¿tme analizlerinin ortalama ivme spektrumu ve tasarēm spektrumu iin 

ºnerilen ortalama + 1 standart sapmaya karĸē gelen ivme spektrumlarē ķekil 10'da 

gºsterilmiĸtir.  Ayrēca 475 yēllēk dºĸ¿m periyodu iin ºnerilen ivme tasarēm spekturumu ile 

birlikte 1995 Dinar depreminde alēnmēĸ ana deprem kayētlarēnēn da ivme spektrumlarē 

verilmiĸtir.  Buradan gºr¿leceĵi gibi tasarēm iin ºnerilen ivme spektrumu gerekte olmuĸ 

olan ivme spektrumu ile iyi bir uyum gºstermektedir.  Bu da sahaya ºzel ivme tasarēm 

ºzelliklerinin belirlenmesi iin geliĸtirilmiĸ yºntemin gereki sonular verdiĵini 

gºstermektedir. 
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ķekil 10. 2475 ve 475 sene dºn¿ĸ¿m periyodu iin Dinar deprem istasyonu sahasē iin 

ºnerilen deprem tasarēm ivme spektrumlarē ve 1995 Dinar depremi kaydēnēn ivme 

spektrumlarē 

 

5. SONU¢LAR 

 

Acil M¿dahale Sistemindeki M=4.8 b¿y¿kl¿ĵ¿ndeki 12/3/2008 tarihli ¢ēnarcēk depremini 

kaydetmiĸ 22 adet istasyonun yerel zemin durumlarēnēn tanēmlanmasēnda Ķstanbul Avrupa 

yakasēnda gerekleĸtirilmiĸ geniĸ aplē zemin araĸtērmasē alēĸmasē kullanēlmēĸtēr.  Bu 22 Acil 

M¿dahele istasyonunda kaydedilen ivme zaman kayētlarēndaki hareketin ºzellikleri en b¿y¿k 

yer ivmesi ve ivme davranēĸ spektrumu cinsinden Atakºy d¿ĸey aĵē anakaya seviyesi kaydē 

girdi olarak kullanēlarak model edilmeye alēĸēlmēĸtēr. Modelleme hem Borcherdt (1994) 

tarafēndan ºnerilen ampirik zemin b¿y¿tme iliĸkilerinden hem de eĸdeĵer doĵrusal zemin 

b¿y¿tme analiz programē Shake91 (Idriss ve Sun, 1992) kullanēlarak iki farklē yaklaĸēmla 

yapēlmēĸtēr.  Kullanēlan Shake91 programē eĸdeĵer doĵrusal yaklaĸēmēn yanlēĸ sonulara yol 

aabilecek problemli noktalarēnēn geliĸtirilmiĸ bir versiyonudur. Sonular depremler sērasēnda 

gºzlenen zemin davranēĸlarēnēn en b¿y¿k spektral ivmeler cinsinden modellenmesinde 

denenen iki yºntem arasēndan zemin b¿y¿tme analizlerinin ampirik yºnteme gºre ok daha 

uygun olduĵunu gºstermektedir. 

 

Sahaya ºzel zemin b¿y¿tme analizleri yapēlarak zemin y¿zeyinde farklē dºn¿ĸ¿m 

periyotlarēna karĸē gelen deprem ºzelliklerinin hesaplanmasēnda iki konu ºnemli olmaktadēr.  

Bunlardan ilki incelenen bºlgeye ºzel kapsamlē bir sismik tehlike alēĸmasē yapēlmēĸ 

olmalēdēr.  Ķkinci konu ise kapsamlē bir zemin incelemesi yapēlmasē ve elde olunan bilgilere 

gºre zemin b¿y¿tme analizi yapēlmasēdēr. 

 

Zemin b¿y¿tme analizlerinden elde edilecek sonular ¿zerinde en ºnemli etkenlerden biri bu 

analizlerde kullanēlacak ivme zaman kayētlarēnēn seilmesidir.  Bu nedenle zemin b¿y¿tme 

analizlerinde kullanēlacak ivme kayētlarē bºlgesel sismik tehlike (olasē fay cinsi, deprem 

b¿y¿kl¿ĵ¿ ve olasē deprem merkezine uzaklēk) ile uyumlu olmalēdēr.  Bunlarēn dēĸēnda 

seilen ivme kayētlarē sismik tehlike analizleri sonucunda farklē dºn¿ĸ¿m periyotlarē ve 

aĸēlma olasēlēklarē iin hesaplanmēĸ m¿hendislik kayasē ¿zerindeki olasē ivme spektrumlarē 

veya verilmiĸ ivme tasarēm spektrumlarē ile uyumlu olmalēdēr.  Bu uyum saĵlanērken ivme 

kaydēnēn frekans ieriĵi deĵiĸtirilmemeli, seilmiĸ ve ºleklenmiĸ kayētlarēn ortalama 
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deĵerine karĸē gelen ivme spektrumu ile ivme tasarēm spektrumunun uyumlu olmalēdēr.  

Burada benimsenen en b¿y¿k ivmeye gºre bir ºleklendirme yapēlmasēdēr. 

 

Bu yaklaĸēm benimsenerek Dinar kuvvetli yer hareketi kayēt istasyonun bulunduĵu nokta 

iin bir uygulama alēĸmasē yapēlmēĸ, sahaya ºzel deprem ºzelliklerinin belirlenmesi iin 

geliĸtirilmiĸ yºntemin geerliliĵi incelenmiĸtir.  Sismik tehlike alēĸmasēndan hareket ederek 

ve kapsamlē zemin incelemelerinden bulunmuĸ olan zemin kesiti kullanēlarak yapēlan zemin 

b¿y¿tme analizlerinden elde edilen tasarēm deprem ivme spektrumu ile 1995 Dinar 

depreminde alēnmēĸ ivme kayētlarēnēn ivme spektrumlarē karĸēlaĸtērēlmēĸtēr. Elde olunan 

sonu, Dinar Depreminde alēnmēĸ kayētlara dayanarak geliĸtirilmiĸ yºntemin gereki 

sonular verdiĵi doĵrultusundadēr. 
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TARANMIķ ¢AMURLARIN SUSUZLAķTIRILMASINDA 

KĶMYASAL KATKI ETKĶNLĶĴĶ  
 

EFFECTIVENESS OF CHEMICAL ADDITIVES ON DEWATERING OF 

DREDGED SLUDGES  
 

Beg¿m TURAN1,   Saadet Arzu BERĶLGEN 2 

 

 

 

¥ZET 
 

Bu alēĸmada Ķstanbul ve evresinde yapēlan deniz tabanē tarama alēĸmalarēnda elde edilen 

tarama amurlarēnēn geotekstil t¿pler (geot¿p olarak bilinen) ve katkē maddeleri yardēmēyla 

en etkin ĸekilde nasēl susuzlaĸtērēlabileceĵinin belirlenmesi amalanmēĸtēr. Literat¿rde deniz 

ve dere tabanlarēndan elde edilen y¿ksek su muhtevasēna sahip bu tip zeminlerin, geotekstil 

malzemeden hazērlanmēĸ t¿pler iinde susuzlaĸtērēlmasēna dair davranēĸēnē laboratuvar ve 

arazide araĸtērmaya yºnelik birok farklē deney d¿zeneĵi bulunmaktadēr. Saha 

uygulamalarēna daha yakēn deney sistemi olan Geot¿p ile Susuzlaĸtērma Deneyi (GDT) 

susuzlaĸtērma iĸleminde kullanēlacak olan anyonik ve katyonik kimyasal katkē eĸidi ve 

miktarēnēn belirlenmesinde hēzlē ve ekonomik bir deney yºntemidir. Bu alēĸma kapsamēnda, 

daha ºnceden yapēlan alēĸmalarda kuru amur aĵērlēĵēna gºre belirlenmiĸ olan dozaj miktarē 

olan 1.5 kg/ton kullanēlmēĸtēr (Turan vd.,2014). Bu dozaj miktarēnēn % 0.1, % 0.25 ve % 

0.5ôlik birer adet anyonik ve katyonik polimer toz katkēlarla hazērlanan sulu ºzeltileri, 

homojen ĸekilde amura karēĸtērēlarak, altē adet katkēlē amur numunesi ¿zerinde GDT 

metodu uygulanmēĸtēr. Deneyler katkēsēz numune ¿zerinde de tekrarlanarak katkē 

maddesinin susuzlaĸtērma ¿zerindeki etkisi belirlenmiĸtir.  

 

Anahtar sºzc¿kler: Susuzlaĸtērma, geotekstil t¿pler, zemin iyileĸtirilmesi, geotekstil  

 

ABSTRACT 
 

In this study, an effective means of dewatering the dredged material obtained from the sea 

bottom in Istanbul and its surrounding areas is investigated through the use of additives and 

geotextile tubes (also known as geotubes). Many laboratory and in-situ testing devices have 

been proposed in the literature to determine the outcomes of dewatering such high-water 

content soils excavated from sea and river floors by filtering them through tubes made from 

geotextiles. The test system, which is closer to field applications with Geotube Dewatering 

                                                
1 Y¿ksek lisans ºĵrencisi, Yēldēz Teknik ¦niversitesi  
2 Yard.Do.Dr., Yēldēz Teknik ¦niversitesi, Geoteknik Anabilim Dalē, koc@yildiz.edu.tr 
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Test (GDT) to be used in the dewatering process the anionic and cationic additives types 

and quantities of chemical in determining the testing method is fast end economical. In this 

study, dosage amounts as 1,5 kg/tons which was determined previously in studies 

performed was used. This dosage amounts of 0.1%, 0.25%, 0.5% each with anionic ant 

cationic polymers powder additives were prepared, mixed homogeneously with sludge and 

this method GDT is used at six sludge samples. The experiments were repeated on sample 

which is without additives so that the effect on dewatering of additives is determined. 

 

Keywords: Dewatering, Geotextile Tubes, Soil Improvement, Geotextile 

 

 

1. GĶRĶķ  
 

¦lkemizde son yēllarda deniz ve derelerin kirlenmesine ºz¿m getirilmesi bakēmēndan dipsel 

amurlar taranmakta, elde edilen y¿ksek su muhtevasēna sahip bu zeminler ºnceden 

belirlenmiĸ alanlara depolanmakta veya tekrar denize bērakēlmaktadēr. Rezervuarlara 

pompalanan amurlarēn kēsa s¿re ierisinde etkin olarak ve ieriĵindeki evreye zararlē 

kimyasal maddeler en aza indirgenerek susuzlaĸtērēlabilmesi ¿lke ekonomisine ve evre 

saĵlēĵēna b¿y¿k katkē saĵlayacaktēr. Literat¿rde dipsel tarama amurlarēnēn bu yºntemle 

susuzlaĸtērēlmasē sonrasēnda deĸarj edilen suyun genellikle tekrar kullanēlacak veya ilave 

iyileĸtirme yapēlmadan doĵal ortama bērakēlabilecek kalitede olduĵunu gºr¿lmektedir. T¿p 

ierisine doldurulan malzemede %65ôe varan hacim k¿¿lmeleri, kendi aĵērlēĵē altēnda 

konsolidasyona bērakēlmasē durumuyla karĸēlaĸtērēldēĵēnda ok kēsa s¿reler iinde 

oluĸabilmektedir. Ancak ¿lkemizde geotekstillerin bu amala kullanēmē yok denecek kadar 

azdēr. 

Susuzlaĸtērma deneylerinin bir diĵer ºnemli bileĸeni de kullanēlan kimyasal katkēlardēr. Suda 

ºz¿nen polimerler, sanayide ve teknolojide yaygēn bir kullanēm alanēna sahiptir. 

Susuzlaĸtērmada kullanēlmasēnēn yanē sēra su da ºz¿nen polimerler; film, kaplama, tutkal, 

boya, arētma gibi end¿striyel aēdan ºnemli alanlarda da kullanēlmaktadēr. Suda ºz¿nen 

polimerler iki ana sēnēfa ayrēlērlar. Bunlar; iyonik olmayan (noniyonik) polimerler ve iyonik 

polimerlerdir (¢elikkan, 2003). Bu alēĸmada iyonik polimerler olan anyonik ve katyonik 

polimerler kullanēlmēĸtēr.  

 

 

2. LĶTERAT¦R ¥ZETĶ 
 

Ekonomik ve evresel g¿venlik aēsēndan y¿ksek sēkēĸabilirliĵe sahip dipsel amur, maden 

amurlarē, kanalizasyon amurlarē gibi atēk maddelerin uygun bir yerde depolanmasē ve bu 

depolama sahalarēnēn kullanēma kazandērēlmasē son yēllarda geoteknik m¿hendisliĵinde 

ºz¿m aranan ºnemli sorunlardan biri haline gelmiĸtir. Son yēllarda getekstil t¿pler ile 

y¿ksek su ieriĵine sahip tarama amurlarēnēn susuzlaĸtērēlmasē olduka etkili bir yºntem 

olarak ortaya ēkmēĸtēr (Moo-Young vd. 2002, Lawson, 2008). Bu tip amurlarēn 

susuzlaĸtērēlmasē iĸlemine dair yapēlan alēĸmalar ile esnek, y¿ksek mukavemetli dikiĸlerden 

meydana gelen y¿ksek geirgenliĵe sahip ºrg¿l¿ geotekstillerin (geotekstil t¿plerin) bu 
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amala kullanēlabilecekleri belirlenmiĸtir. Bu geotekstillerin kullanēmlarē ile susuzlaĸtērma 

iĸlemlerinin daha uygun maliyetli olarak gerekleĸtirilebileceĵi ve bunlarēn evre dostu 

uygulamalar olduklarē belirlenmiĸtir. Ayrēca geotekstil t¿pler farklē projelere gºre farklē 

ĸekilde boyutlandērēlabilir ve yer sēkēntēsē olan projelerde kolaylēkla istiflenebilmektedirler 

(Fowler vd, 1995). Pratik uygulamalarda, geotekstil t¿p sēvē amur ile basēn altēnda, t¿p 

maksimum doluluĵa ulaĸana kadar doldurulmakta, suyun drene olmasēna izin verilmektedir. 

T¿pten ēkan su ile amur hacmi azalmakta, azalmadan sonra tekrar amur doldurma iĸlemi 

yapēlabilmektedir. Bu iĸlem iki ile altē defa arasēnda tekrarlanabilmektedir (Lawson, 2006). 

  

Sentetik katyonik ya da anyonik akrimalit t¿revi polimer katkēlar geotekstil t¿p ile 

susuzlaĸtērma uygulamalarēnda sēvē d¿zenleyici olarak kullanēlmaktadēr. Bu d¿zenleyiciler 

y¿k nºtralizasyonu ve paracēk kºpr¿leme sayesinde ince sedimentleri birbirine baĵlayarak 

topaklar haline getirirler. Worley vd. (2008) tarafēndan yapēlan alēĸmalarda mandēra 

lag¿nlerinin polimerli ve polimersiz susuzlaĸtērēlmasē alēĸmalarēnda bu yºntemle amurun 

fosfordan %79 ila % 99 arasēnda arēndērēlabildiĵi gºr¿lm¿ĸt¿r. Satyamurth vd. (2011) 

alēĸmalarēnda yaptēklarē basit ºlekli deneylerde poliakrilamid d¿zenleyicilerin susuzlaĸtērma 

¿zerindeki karakteristik etkilerini incelemiĸlerdir. Kimyasal d¿zenleyicilerin (katkēlarēn) 

kullanēmē ile susuzlaĸtērma s¿resinde % 85ôe varan azalmalar gºr¿ĸm¿ĸt¿r. Koerner 

tarafēndan (2003) gerekleĸtirilen orta ºlekli torba deneylerinde katyonik polimerler 

kullanarak siltli kil bir malzeme susuzlaĸtērēlarak, optimum dozajda susuzlaĸtērma s¿resinin 

120 dakikadan 40 dakikaya gerilediĵi belirlenmiĸtir.  

 

Herhangi bir geotekstil t¿p ile susuzlaĸtērma iĸleminin baĸarēsē, s¿rekli akēĸ altēnda geotekstil 

t¿p¿n gºzeneklerinden daha b¿y¿k olan zemin danelerinin sēvē kēsēmdan ayrēlmasēyla 

aēklanabilmektedir. Huang ve Lou (2007) yaptēklarē bir alēĸmada; geleneksel zemin-

geotekstil tutulma kriterinde, susuzlaĸtērma iĸleminin ºnemli kriteri olan filtrasyon kriterinin 

(filtrasyon etkinliĵi) gºz ardē edildiĵine dikkat ekmiĸlerdir. Koerner ve Koerner (2003) 

ideal geotekstilin saha performansē iin (m¿hendisler tarafēndan seilmiĸ ya da onaylanmēĸ 

kumaĸēn kullanēldēĵē) standart bir test metodunun geliĸtirilmesinin gerektiĵine dikkat 

ekmiĸlerdir. Geotekstil-amur sistemlerinin performans deĵerlendirilmesi iin yaygēn olarak 

kullanēlan yºntemler; k¿¿k ºlekli laboratuvar deneyleri, pilot ºlekli testler ve tam ºlekli 

testlerdir. Laboratuvar testleri olan d¿ĸen seviyeli test ve basēn filtrasyon testi hēzlē ve 

ekonomik olmasēna raĵmen pilot sistem kurulmasē zaman alēcē ve pahalēdēr. Ayrēca sistem 

saha koĸullarēnē daha az temsil etmektedir. Bu deneyler arasēnda ñAsēlē Torba Deneyiò 

(Hanging Bag Test) ve ñGeot¿p Susuzlaĸtērma Deneyiò (Geotube Dewatering Test) ile 

sahada ya da laboratuvarda orta ºlekli bir deney gerekleĸtirilebilmektedir. 

 

Sentetik polimerlerin g¿venliĵi ile ilgili endiĸelerden dolayē doĵal ve evre dostu katkēlarēn 

elde edilmesi ¿zerine bazē alēĸmalar yapēlmēĸtēr (Letterman ve Pero, 1990). Ayrēca petrol 

kaynaklarēnēn kētlēĵē sebebiyle sentetik polimerlere yeni alternatifler getirilmiĸtir (Wei vd, 

2008). Zemin-katkē etkileĸimleri ve doĵal katkēlar ile ilgili mineral ve ¿retim m¿hendisleri 

alēĸmalar yapmēĸ olsa da geotekstil t¿plerde kullanēlan katkēlar ile ilgili alēĸmalar sēnērlēdēr.  

 

¦lkemizde de Hali, Ķzmir Kºrfezi, Ķzmit Kºrfezi gibi evre kirliliĵi olan bºlgelerde dipsel 

amurlarēn taranarak depolanmasē veya eĸitli end¿striyel ve kentsel atēk amurlarēnēn 
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depolanmasē g¿ncel m¿hendislik problemlerindendir. Bu amurlarēn depolanarak yeni 

araziler elde edilmesi hem g¿venlik hem de ¿lke ekonomisi aēsēndan yararlē olmaktadēr.  

 

Bu alēĸmada tarama amurlarēnēn anyonik ve katyonik polimer kullanēlarak susuzlaĸtērēlmasē 

konusu incelenmiĸtir. 

 

 

3. MATERYAL VE METOT  
 

¢alēĸmada tarama amuru olarak adlandērēlan Ķstanbul ve evresinde deniz ve dere 

tabanēndan elde edilecek y¿ksek su muhtevasēna sahip tarama malzemesi kullanēlmēĸtēr. 

Susuzlaĸtērma deneylerinde kullanēlanmēĸ olan geotekstil malzemesi saha ortamēnda 

kullanēlan malzemenin aynēsē olup laboratuvar ortamē iin ºzel boyutlarda imal edilip 

dikilmiĸtir. B¿t¿n susuzlaĸtērma deneylerinde ēkan suyun kalitesi ve miktarēnēn ºl¿lebilmesi 

iin geotekstil torba basit PVC stant ¿zerine yerleĸtirilmiĸ, torbadan drene olan su toplama 

havuzunda anlēk, on beĸ dakika, otuz dakika, altēmēĸ dakika olarak okunmuĸtur. GDT 

deneylerinde dolum iki g¿n s¿re ile gerekleĸtirilmiĸtir. Ķkinci g¿n yapēlan dolumda drene 

olan su da on beĸ dakika ve otuz dakikalēk okumalar alēnmēĸ sonrasēnda drene olan su 

miktarlarē birinci g¿n¿ takiben ¿ g¿nl¿k ve yedi g¿nl¿k olacak ĸekilde not edilmiĸtir. 

Deneylerde bir adet katyonik (Proestol 822) bir adet anyonik (Proestol 2530) olmak ¿zere 

iki adet katkē kullanēlmēĸtēr.   

 

¢alēĸmada tarama amuru, geotekstil ve katkēlar kullanēlmēĸtēr. Tarama amuru Ķstanbul ve 

evresinde deniz ve dere tabanēndan elde edilen y¿ksek su muhtevasē, d¿ĸ¿k katē madde 

miktarēna sahip tarama malzemesidir. Laboratuvar ortamēnda tarama amuru ¿zerinde 

yapēlan zemin indeks deneyleri (su muhtevasē, likit limit (wL), plastik limit (wP), plastisite 

indisi (IP), organik madde ieriĵi, ºzg¿l yoĵunluk, dane daĵēlēmēnēn belirlenmesi vb.)  

sonrasēnda elde edilen deney sonularē ¢izelge 1ôde verilmiĸtir. 

Hali tarama amuruna ait organik madde ieriĵi yapēlan laboratuvar deneyinde organik 

madde miktarē % 4 olarak belirlenmiĸtir. Proje kapsamēnda kullanēlan geotekstilin ºzellikleri 

ise ¢izelge 2ôde verilmiĸtir. Ayrēca geotekstil t¿plerle yapēlacak katkēsēz susuzlaĸtērma iĸlemi 

sonucunda elde edilen sēzēntē suyuna ait analiz raporu ise ¢izelge 3ôde verilmiĸtir.  

¢izelge 1. Zemin indeks deney sonularē 

Katē Madde Miktarē %10 

Likit Limit  %45 

Plastik Limit %42 

Plastisite Ķndeksi %3 

¥zg¿l Yoĵunluk 2,52 
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¢izelge 2. Geotekstil t¿p malzemenin ºzellikleri 

 

 

 

 

 

 

 

 

¢izelge 3. Sēzēntē suyun analiz raporu 

Yºntem Analit  Birim  Deĵer 

Alkalilik, M&P  

Alkalilik, M (CaCO3) ppm 984 

Alkalilik, P (CaCO3) ppm 0 

PH   7,90 

Anyonlar 
Klor¿r (Cl) ppm 1590 

S¿lfat (SO4) ppm 125 

COD 
Toplam Kimyasal Oksijen Ķhtiyacē 

(COD) 
ppm 248 

Ķletkenlik 25CÜ Ķletkenlik ÕS/cm 7210 

Elementler (Asit) 

Toplam Antimom (Sb) mg/L 0 

Toplam Arsenik (As) mg/L 0,015 

Toplam Kadmiyum (Cd) mg/L 0,001 

Toplam Kalsiyum (CaCO3) mg/L 223,58 

Toplam Krom (Cr) mg/L 0,002 

Toplam Kobalt (Co) mg/L 0,002 

Toplam Bakēr (Cu) mg/L 0,006 

Toplam Demir (Fe) mg/L 3,011 

Toplam Kurĸun (Pb) mg/L <0,002 

Toplam Magnezyum (Mg) mg/L 402,65 

Toplam Manganez (Mn) mg/L 0,42 

Toplam Molibden (Mo) mg/L 0,004 

Toplam Nikel (Ni) mg/L 0,015 

Toplam Selenyum (Se) mg/L <0,002 

Toplam Sodyum (Na) mg/L 758,7 

Toplam Stronsiyum (Sr) mg/L 0,326 

Toplam Kalay (Sn) mg/L 0 

Toplam Sertlik (CaCO3) mg/L 626,23 

Toplam Vanadyum (V) mg/L 0,007 

Toplam ¢inko (Zn) mg/L 0,009 

Fosfatlar 
Osto Fosfat ppm 0,5 

Toplam Fosfat ppm 1,1 

¢ºz¿n¿r Demir Kalorimetrik ¢ºz¿n¿r Demir (Fe) ppm 0,14 

Mekanik ¥zellikler Birim   

Minimum ¢ekme dayanēmē kN/m 70 

Minimum Baĵlantē (Dikiĸ) Dayanēmē kN/m 65 

Hidrolik ¥zellikler  Birim   

Permeabilite l/m2dk 1800 

O90 ɀm 250 
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4. DENEYSEL ¢ALIķMA 
 

Hali dip tarama amurunun geotekstiller ile susuzlaĸtērēlmasē sērasēndaki davranēĸēnē 

araĸtērmak amacēyla y¿r¿t¿len bir proje kapsamēnda yapēlan alēĸmada (Turan vd.,2014), 

katkē etkisinin ve miktarēnēn belirlenmesi amacēyla gerekleĸtirilen ani susuzlaĸtērma 

deneyleri gºre katkē dozajē 1,5 kg/ton olarak belirlenmiĸtir. Bir adet katyonik (Proestol 

822), bir adet anyonik katkē (Proestol 2530) ile d¿zenlenen GDT deneyleri de bu dozaj 

miktarēna uygun olarak % 0.1, % 0.25 ve % 0.5ôlik ºzeltiler kullanēlarak 

gerekleĸtirilmiĸtir. Bir adet de katkēsēz GDT deneyi yapēlmēĸtēr. Drene olan su miktarē yedi 

deney d¿zeneĵinde de anlēk (bir dakika), on beĸ dakika, otuz dakika, bir saat, yirmi dºrt 

saatlik, ¿ g¿n ve 7 g¿n s¿reyle kaydedilmiĸtir. Deneyler sonucunda susuzlaĸtērēlan amur 

numunelerinin (filtre keki) deĵiĸen indeks ºzelliklerinin belirlenmesine yºnelik zemin indeks 

deneyleri ve mukavemet parametrelerindeki deĵiĸimi belirlemek amacēyla mukavemet 

deneyleri (veyn) yapēlmēĸtēr. Bu bildiride Geot¿pler ile Susuzlaĸtērma Deneylerinde elde 

edilen sonular paylaĸēlacaktēr. 

  

4.1. Geotekstilt¿pler ile Susuzlaĸtērma Deneyi, GDT, (Geotube Dewatering Test) 

 

Geotekstilt¿pler ile Susuzlaĸtērma Deneyi (GDT) olarak adlandērēlan bu deney, saha 

uygulamalarēnda kullanēlan sistemin tam olarak minyat¿r ĸeklidir. Bu deney kapsamēnda 

sahada kullanēlan geotekstil t¿plerin yapēmēnda kullanēlan GT500 adlē geotekstil malzeme 

kullanēlmēĸtēr. 

Geotekstil malzeme ierisine doldurulacak amur malzemeye dayanabilecek ĸekilde dºrt 

kºĸesinden dikilerek kapalē hale getirilmiĸtir. GDT deneylerinde kullanēlmak ¿zere 

hazērlanmēĸ d¿zenek, dºrt tarafē dikilmiĸ kapalē torba halindedir. Bu geotekstil torbanēn 

¿zerinde amur dolumunu saĵlamak amacēyla bir giriĸ ve bu giriĸe adapte edilmiĸ bir boru 

bulunmaktadēr. Bu deney d¿zeneĵi firmadan hazēr halde temin edilmiĸtir. 

Bu alēĸma kapsamēnda kullanēlan tarama amuruna, daha ºnce gerekleĸtirilen RDT (Hēzlē 

Susuzlaĸtērma Deneyi)ônde belirlenen dozaj miktarē olan 1.5 kg/tonôa gºre % 0.1, % 0.25 ve 

% 0.5ôlik ºzeltiler oluĸturacak ĸekilde iki ayrē polimer katkē (ProEstol 822, ProEstol 2530) 

eklenmiĸtir. Bir adet katkēsēz, altē tane katkēlē olmak ¿zere toplamda yedi farklē amur 

numunesi elde edilmiĸtir. B¿t¿n susuzlaĸtērma deneylerinde geotekstil torba basit PVC stant 

¿zerine yerleĸtirmiĸ, torbadan drene olan suyun toplanabilmesi iin torba altēna yeterli 

b¿y¿kl¿kte bir kap kulllanēlmēĸtēr. Drene olan su miktarē yedi deney d¿zeneĵinde de anlēk 

(bir dakika), on beĸ dakika, otuz dakika, bir saat, yirmi dºrt saatlik, ¿ g¿n ve 7 g¿n s¿reyle 

kaydedilmiĸtir. Deneyler sonucunda torbalar kesilerek elde edilen susuzlaĸtērēlan amur 

numuneleri ¿zerinde (filtre keki) deĵiĸen indeks ºzelliklerinin belirlenmesine yºnelik zemin 

indeks deneyleri ve mukavemet parametrelerindeki deĵiĸimi belirlemek amacēyla mukavemet 

deneyleri (veyn) yapēlmēĸtēr. 

Proestol 822 katyonik ve Proestol 2530 katkēlarēnēn deĵiĸen oranlarēna ve zamana baĵlē 

olarak su ēkēĸ y¿zdelikleri ķekil 1ôde verilmiĸtir. Katkē etkisinin daha iyi anlaĸēlabilmesi iin 

de bir adet katkēsēz amur numunesi hazērlanmēĸtēr. Bununla birlikte katkēsēz olarak 

gerekleĸtirilen GDT deneyinde torba ierisine doldurulan malzemenin torbadan ēktēĵē 

gºr¿lm¿ĸ ve deneye devam edilememiĸtir. ķekil 1ôde verilen grafikte gºr¿lebileceĵi gibi 
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d¿zenelen bu altē farklē deney ierisinde en iyi sonu % 0.1ôlik katkē miktarē ile hazērlanan 

katyonik katkē (Proestol 822) ile elde edilmiĸtir.  

 

ķekil 1. Proestol 822 ve Proestol 2530 katkēlarēnēn deĵiĸen oranlarēna ve zamana baĵlē su 

ēkēĸē y¿zdelik deĵerleri  

Proestol 822 katkēsē iin % 0.1 katkē ºzeltili deneyde b¿nyesindeki suyun, 15. dakikalēk 

okumada % 16ôsēnē, 30 dakikada % 26ôsēnē, 60 dakikada % 28ôinin, 24 saatte % 29ôunu, 

ertesi g¿n yapēlan dolum sonrasē 15. dakikalēk okumada % 37ôsinin, 30 dakikada % 38ôinin, 

¿¿nc¿ g¿nde % 39ôunu ve yedinci g¿nde ise % 39ôunun; % 0.25 katkē ºzeltili deneyde 

b¿nyesindeki suyun, 15. dakikalēk okumada %15ôinin, 30 dakikada % 22ôsinin, 60 dakikada 

% 25ôinin, 24 saatte % 25ôinin, ertesi g¿n yapēlan dolum sonrasē 15. dakikalēk okumada % 

27ôsinin, 30 dakikada % 29ôunun, ¿¿nc¿ g¿nde % 32ôsinin ve yedinci g¿nde ise % 

32ôsinin; % 0.5 katkē ºzeltili deneyde b¿nyesindeki suyun, 15. dakikalēk okumada % 

14ô¿n¿n, 30 dakikada % 21ôinin, 60 dakikada % 23ô¿n¿n, 24 saatte % 26ôsēnēn, ertesi g¿n 

yapēlan dolum sonrasē 15. dakikalēk okumada % 28ôsinin, 30 dakikada % 30ôunun, ¿¿nc¿ 

g¿nde % 32ôsinin ve yedinci g¿nde ise % 32ôsinin ēktēĵē belirlenmiĸtir. Deney sonrasēnda 

elde edilen suyun iinde zemin tanelerinin bulunmadēĵē duru halde olduĵu gºzlenmiĸtir 

(ķekil 2). 

Proestol 2530 anyonik katkēsēnēn deĵiĸen oranlarēna ve zamana baĵlē olarak  y¿zde su ēkēĸ 

miktarlarē da ķekil 1ôde verilmiĸtir. Grafikte gºr¿lebileceĵi gibi d¿ĵ¿ gibi en iyi sonucu bu 

¿ deney iinden  % 0.25ôlik katkē miktarē vermiĸtir.   
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Proestol 2530 katkēsē iin %0.1 katkē ºzeltili deneyde b¿nyesindeki suyun, 15. dakikalēk 

okumada %15ôinin, 30 dakikada % 23ô¿n¿n, 60 dakikada % 23ô¿n¿n, 24 saatte % 24ô¿n¿n, 

ertesi g¿n yapēlan dolum sonrasē 15. dakikalēk okumada %31ôinin, 30 dakikada % 31ôinin, 

¿¿nc¿ g¿nde %32ôsinin ve yedinci g¿nde ise %32ôsinin; % 0.25 katkē ºzeltili deneyde 

b¿nyesindeki suyun, 15. dakikalēk okumada %17ôsinin, 30 dakikada % 23ô¿n¿n, 60 

dakikada % 26ôsēnēn, 24 saatte % 27ôsinin, ertesi g¿n yapēlan dolum sonrasē 15. dakikalēk 

okumada %20ôunun, 30 dakikada % 32ôsinin, ¿¿nc¿ g¿nde %35ôinin ve yedinci g¿nde ise 

%35ôinin; % 0.5 katkē ºzeltili deneyde b¿nyesindeki suyun, 15. dakikalēk okumada 

%14ô¿n¿n, 30 dakikada % 17ôsinin, 60 dakikada % 19ôunun, 24 saatte % 25ôinin, ertesi g¿n 

yapēlan dolum sonrasē 15. dakikalēk okumada %28ôsinin, 30 dakikada % 29ôunun, ¿¿nc¿ 

g¿nde %31ôinin ve yedinci g¿nde ise %31ôinin ēktēĵē belirlenmiĸtir. Deney sonrasēnda elde 

edilen suyun iinde zemin taneleri bulunmamasēyla birlikte suyun duru olduĵu gºzlenmiĸtir 

(ķekil 2). 

 

ķekil 2.  GDT deneyleri sērasēnda torba dēĸēna ēkan su gºr¿n¿m¿  

Proestol 822 katyonik ve Proestol 2530 katkēlarēnēn deĵiĸen oranlarē iin yapēlan GDT 

deneyleri sonrasēnda torba ierisinde kalan malzemenin katē madde miktarēlarēnēn deĵerleri 

ķekil 3ôde verilmiĸtir. Buna gºre deney sonunda torba ierisinden alēnan ºrneklerden 

katyonik katkēnēn artan y¿zdeleri iin  katē madde y¿zdesinde azalēm olduĵu belirlenmiĸtir. 

Anyonik katkēnēn farklē y¿zdeleri iin  doĵrusal bir deĵiĸim saptanamamēĸtēr. Bununla 

birlikte Praestol 2530 katyonik katkēsē iin (% 0.25ôlik ºzelti) elde edilen maksimum katē 

madde y¿zdesi % 45 olarak elde edilmiĸtir. 

Torba ierisinde bulunan kuru kek ¿zerinde yapēlan el veyn deneyleri sonrasēnda 

numunelerdeki drenajsēz kayma mukavemeti deĵerleri ķekil 4ôde gºr¿ld¿ĵ¿ gibi ( % 0,1 

katkē ºzeltili deneyde 20 kPa, % 0,25ôlik katkē ºzeltili deneyde 33 kPa, % 0,50ôlik 

ºzeltili deneyde ise 36 kPa) elde edilmiĸtir. Deney sonularēna gºre artan katkē y¿zdesiyle 

birlikte dreanjsēz kayma mukavemeti deĵerlerinde bir d¿ĸ¿ĸ olduĵu belirlenmiĸ olup en 

y¿ksek drenajsēz kayma mukavemeti deĵerleri  % 0.1ôlik katkē y¿zdesinde elde edilmiĸtir. 
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ķekil 3.  GDT deneyleri sonrasē katē madde y¿zdeleri  

 

ķekil 4.  GDT deneyleri sonrasē drenajsēz kayma mukavemeti deĵerleri  
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5. SONU¢LAR 
 

Yapēlan alēĸmalar sonucunda tarama amurunun susuzlaĸtērēlmasēnda geotekstillerin 

filtrasyon ve depolamada b¿y¿k fayda saĵladēĵē, anyonik ve katyonik polimer katkēlarēn 

ºkeltme etkinliĵi gºsterdiĵi gºr¿lm¿ĸt¿r. Ancak s¿z¿len su duruluk kalitesi ve torba iinde 

kalan kuru kekin katē madde miktarē gºz ºn¿nde tutulduĵunda en iyi performansē katyonik 

katkēlarēn verdiĵi gºzlenmiĸtir. Diĵer anyonik katkēlar ile yapēlan deneylerde de ºkelme 

reaksiyonlarēnēn olduĵu ancak ēkan su kalitesi gºz ºn¿nde bulundurulduĵunda sonucun iyi 

olmadēĵē katyonik katkēlara gºre s¿z¿nt¿ suyunun bulanēklaĸtēĵē gºzlenmiĸtir. 

Yapēlan alēĸma sonucunda susuzlaĸtērma deneylerinde kullanēlan katkē miktarē, s¿z¿nt¿ 

suyunun kalitesi, dolum zamanē ve kolaylēĵē gibi parametrelerin hepsinin bir arada 

d¿ĸ¿n¿lerek projelendirilmelerin yapēlmasē gerekliĵi ortaya konmuĸtur. 

Hali dip tarama amurundan alēnan numuneler ¿zerinde yapēlan deneylerde baĸlangē katē 

madde miktarē % 10 olan amura 1.5 kg/ton dozajēnda % 0.1ôlik katyonik Proestol 822 

katkēsē ile yedi g¿n sonunda kuru kekin katē madde miktarēnēn ortalama % 49 olduĵu 

gºzlenmiĸtir. 

Tarama amurlarēnēn kamyonlarla taĸēndēĵē d¿ĸ¿n¿ld¿ĵ¿nde susuzlaĸtērma sonrasēnda elde 

edilen su muhtevasē ok d¿ĸ¿k daha yoĵun bir malzemenin taĸēnmasēnēn ekonomik olarak 

¿lke b¿tesine b¿y¿k avantajlar saĵlayacaĵē aēktēr.  Ayrēca amur ºzelliklerine baĵlē olarak 

uygun katkēlarēn kullanēmē sayesinde amurdan elde edilen s¿z¿nt¿ suyunun ok daha temiz 

ve kontroll¿ bir ĸekilde toplanēp tekrar doĵaya verilmesi m¿mk¿n olabilecektir. 
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G¥M¦L¦ ESNEK BORU DAVRANIķININ LABORATUAR 

MODEL DENEYLERĶ ĶLE ĶNCELENMESĶ 
 

INVESTIGATION OF BURIED FLEXIBLE PIPE BEHAVIOR BY 

LABORATORY MODEL TESTS 
 

Havvanur KILI¢1,   Emre AKINAY  2 

 

 

 

¥ZET  
 

Bu alēĸmada, gºm¿l¿ esnek boru davranēĸē laboratuarda model deneylerle incelenmiĸtir. Bu 

kapsamda, kurulan deney sisteminde yapēlan dºrt adet deneyin sonularē deĵerlendirilmiĸtir. 

Bu deneylerde boru davranēĸēnēn model deney sēnēr koĸullarēndan etkilenip etkilenmediĵinin 

belirlenebilmesi iin borunun iki ucunda ve merkez kesitinde yapēlan enstr¿mentasyondan 

alēnan ºl¿mler deĵerlendirilmiĸtir. Zemin iine yerleĸtirilen gerilme ºler ve oturma 

plakalarēndan alēnan ºl¿mlerden yararlanēlarak deneylerin tekrarlanabilirliĵi konusunda bilgi 

edinilmiĸtir. Deneylerde borunun merkez kesitinde embersel biim deĵiĸtirme daĵēlēmēnēn 

tutarlē olduĵu, diĵer bir deyiĸ ile deneylerin tekrarlanabilir olduĵu gºr¿lm¿ĸt¿r. Boru 

boyunca biim deĵiĸtirmelerin ºzdeĸ olmadēĵē gºr¿lm¿ĸ, buradan da borunun model deney 

ortamēnēn sēnēr koĸullarēndan etkilendiĵi sonucuna varēlmēĸtēr.  

 

Anahtar sºzc¿kler: Gºm¿l¿ esnek boru davranēĸē, model deney 

 

ABSTRACT  
 

In this study, buried flexible pipe behavior was investigated in the laboratory by means of 

model tests. In order to understand the influence of boundary conditions on the behaviour 

of buried pipes,  the measurements obtained from the instrumentation installed at the central 

section and at the two ends of the pipe were evaluated.  Measurements gathered from stress 

cells and settlement plates installed in the model tests provided important information 

regarding the reproducibility of the experiments. The test results showed that the 

distribution of  circumferential deformation of the pipe in the central section is consistent in 

each other in different tests which shows the reproducibility of the experiments.  The 

deformations along the pipe were found to be non- identical, indicating  that pipe behaviour 

is affected by the boundary conditions of the model test medium.  

 

                                                
1 Do. Dr.,Yēldēz Teknik ¦niversitesi, Geoteknik Anabilim Dalē, kilic@yildiz.edu.tr  
2 Arĸ. Gºr.,Okan ¦niversitesi, M¿hendislik Fak¿ltesi, Ķnĸaat M¿hendisliĵi, emre.akinay@okan.edu.tr 
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1. GĶRĶķ  
 

Gºm¿l¿ bir boru, boru-zemin sisteminin bir bileĸeni olarak davranēĸ gºstermektedir. Bu 

davranēĸ borunun ve zeminin rijitliĵine ve de bunun sonucunda geliĸen boru-zemin 

etkileĸimine baĵlēdēr. Gºm¿l¿ boru davranēĸē laboratuar ortamēnda incelenirken, boru 

davranēĸēnēn model deney sisteminin sēnēr koĸullarēndan etkilenmemesi iin b¿y¿k ºlekli 

laboratuvar deneyleri kullanēlmalēdēr. Gºm¿l¿ esnek boru davranēĸēnē incelemek iin Yēldēz 

Teknik ¦niversitesi Prof. Dr. Kutay ¥zaydēn Geoteknik Laboratuarēônda bir model deney  

sistemi kurulmuĸtur. Bu sistem b¿nyesinde; 

¶ 1.5 m x 1.5 m x 1.5 m boyutlarēnda (ve ºn duvarē pleksiglas olan) deney tankē     

(ķekil 1a) 

¶ 50 ton kapasiteli hidrolik y¿kleme sistemi (ķekil 1b) 

¶ Depo tankē (ķekil 1c) 

¶ Zeminin deney tankēndan depo tankēna aktarēmēnē saĵlayacak vakum birimi 

bulunmaktadēr (ķekil 1d). 

 

 
 

ķekil 1. Model deney t¿mleĸkesinin genel gºr¿n¿m¿: (a) Model deney tankē (b) Hidrolik 

y¿kleme sistemi (c) Depo tankē (d) Vakum birimi (Akēnay vd. 2013) 

 

 

Kurulan sisteme ait bilgiler, tank duvarēïzemin aray¿zey iyileĸtirmesi (arasē gres ile 

kayganlaĸtērēlmēĸ iki adet PE film), borunun ve zeminin enstr¿mentasyonuna ait detaylar 

ayrēntēlē olarak Akēnay vd. (2013)ôde sunulmuĸtur.   
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Bu alēĸma kapsamēnda, kurulan deney sisteminde, boru davranēĸēnēn model deney sēnēr 

koĸullarēndan etkilenip etkilenmediĵinin belirlenebilmesi iin borunun iki ucunda ve merkez 

kesitinde yapēlan enstr¿mentasyondan alēnan ºl¿mler deĵerlendirilmiĸtir. Zemin iine 

yerleĸtirilen gerilme ºler ve oturma plakalarēndan alēnan ºl¿mlerden yararlanēlarak 

deneylerin tekrarlanabilirliĵi konusunda bilgi edinilmiĸtir. 

 

 

2. MODEL DENEY ZEMĶN ORTAMI VE ENSTR¦MENTASYON 
 

ķekil 1aôda gºsterilen model deney tankēn duvarlarēnda s¿rt¿nmeyi azaltmak iin Tognon 

vd. (1999)ôda ºnerilen iyileĸtirme yapēlmēĸtēr. Tank duvarlarēïzemin aray¿zey iyileĸtirmesi 

(arasē gres ile kayganlaĸtērēlmēĸ iki adet Poli Etilen (PE) film) tabakasēna ek olarak, zemin 

danelerinin PE film tabakasēna batmasēnēn engellenmesi amacē ile ºrg¿s¿z geotekstil 

kullanēlmēĸtēr. Yapēlan deney sonucuna gºre (Deney#1), zemin danelerinin PE film 

tabakasēna batmasēnēn tamamen engellenememesi sonucunda, geotekstil ¿zerine 

geomembran plakalarē yapēĸtērēlarak kullanēlmēĸtēr (ķekil 2).  Bu iĸlemden sonra tank iine 

geri dolgu malzemesi olan kºt¿ derecelenmiĸ (SP) kum zemin tabakalar halinde 

yerleĸtirilmiĸtir. Yerleĸtirilen kumun kontrol¿, Humboldt Soil Stiffness Gauge (SSG) aleti 

kullanēlarak yapēlmēĸtēr (Akēnay vd. 2013). 

 

Bu alēĸma kapsamēnda kullanēlan kum zemin iin, GeoGauge rijitlik ºl¿m¿ ile yerleĸim 

sēkēlēĵē arasēndaki iliĸki Mert (2014), tarafēndan yapēlan deneysel alēĸmalarla belirlenmiĸtir. 

Bu alēĸmalar sonucunda GeoGauge rijitlik ºl¿m¿ ile kumun rºlatif sēkēlēĵē arasēnda (1) 

eĸitliĵi ile verilen doĵrusal ampirik baĵēntē elde edilmiĸtir. 

 

kG = 0.0551Dr + 1.4143        (1) 

 

(1) eĸitliĵinde verilenler: kG = GeoGauge rijitlik ºl¿m¿ (MN/m) ve Dr = Kum tabakasēnēn 

rºlatif sēkēlēĵēdēr.  

 

Her bir zemin katmanē iin kuru birim hacim aĵērlēk teorik olarak ve (1) eĸitliĵi dikkate 

alēnarak hesaplanmēĸtēr. Model zemin ortamēnēn hazērlanma aĸamasēnda tank tabanēna 

etkiyen teorik d¿ĸey zemin gerilmeleri ile (1) eĸitliĵi dikkate alēnarak hesaplanan d¿ĸey 

zemin gerilmeleri ķekil 3ôde karĸēlaĸtērēlmēĸtēr (model zemin ortamēnēn hazērlanma aĸamasē). 

Teorik ve ampirik olarak hesaplanan gerilmelerin birbiri ile uyumlu olduĵu gºr¿lmektedir.   
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ķekil 2. Ķyileĸtirme katmanlarēnē zemin danelerinin batmasēndan koruma amacē ile 

yerleĸtirilen geomembran plakalarē  
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ķekil 3. Tank tabanēna etkiyen teorik d¿ĸey zemin gerilmeleri ile GeoGauge ºl¿m¿ dikkate 

alēnarak hesaplanan d¿ĸey zemin gerilmelerinin karĸēlaĸtērēlmasē  
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Boru, biim deĵiĸtirme ºlerler ve merkez kesitte yatay ve d¿ĸey hareketleri ºlen iki adet 

potansiyometrik deplasman transd¿sºr¿ ile enstr¿mante edilmiĸtir. Biim deĵiĸtirme 

ºlerlerin boru ¿zerindeki konumlarē Deney #1, Deney #2 ve Deney #3 iin ķekil 4ôde 

verilmiĸtir. Deney #4ô¿n hazērlēk aĸamasēnda biim deĵiĸtirme ºlerlerin konumlarē yeniden 

d¿zenlenmiĸtir. 

  
 

ķekil 4. Boru ¿zerinde biim deĵiĸtirme ºlerlerin konumlarē (Deney #1, Deney #2 ve 

Deney #3) 

Zemin ortamēnēn enstrumantasyonu iin 8 adet toprak basēncē h¿cresi (TBH11, TBH12, 

TBH13, TBH14, TBH35, TBH36, TBH37 ve TBH38) ve 5 adet oturma plakasē (OP- 

Kuzey, OP ï Merkez, OP-G¿ney, OP-Doĵu ve OP-Batē) kullanēlmēĸtēr. Deney #1,       

Deney #2, Deney #3 ve Deney #4ôte enstr¿mantasyon elemanlarē iin farklē yerleĸimler 

uygulanmēĸtēr. Deney #4 iin zemin ortamē ierisindeki konumlarē ķekil 5ôde verilmiĸtir.  
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ķekil 5. Enstr¿mantasyon elemanlarēnēn zemin ortamē iindeki konumlarē (Deney #4) 
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3. MODEL DENEYLER  
 

Model deneylerde, zemin ¿st y¿zeyine uygulanan gerilmenin ¿niform yayēlabilmesi iin, 5 

cm kalēnlēĵēnda etil vinil asetat (EVA) tabakasē yerleĸtirilmiĸtir. Y¿zey gerilmesi 25 

kN/mĮôlik adēmlar ile artērēlmēĸ ve en son adēm ile birlikte zemin y¿zeyine toplamda 200 

kN/mĮ gerilme uygulanmēĸtēr. Her bir gerilme adēmēnda Deney #1, Deney #3 ve Deney #4ôte 

30 dakika, Deney #2ôde ise 1 saat beklenmiĸtir.  

 

Merkez kesitte (C-C), bazē ayrēklēklar dēĸēnda, embersel biim deĵiĸtirmelerin t¿m¿ 

sēkēĸmadēr. Tata (0Á konumu) ve tabanda (180Á konumu) ilk gerilme adēmē altēnda k¿¿k 

bir ekme gºr¿lm¿ĸt¿r (Deney #2 hari), ancak sonraki gerilme adēmlarēnda ta ve taban ile 

birlikte t¿m konumlarda eĵilim sēkēĸma yºn¿ndedir. Tata ve tabanda embersel biim 

deĵiĸtirmelerin uygulanan y¿zey gerilmesi ile deĵiĸimi ķekil 6ôda verilmiĸtir. Tataki 

sēkēĸmanēn tabandakinden daha b¿y¿k olduĵu gºr¿lmektedir.  
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ķekil 6. Tata (0Á konumu) ve tabanda (180Á konumu) embersel biim deĵiĸtirmelerin 

uygulanan y¿zey gerilmesi ile deĵiĸimi 

 

D¿ĸey eksene gºre simetrik olan 30Á-330Á, 60Á-300Á, 90Á-270Á, 120Á-240Á ve 150Á-210Á  

konumlarēnda (ķekil 4) embersel biim deĵiĸtirmelerin y¿zey gerilmesi ile deĵiĸimleri de 

ºl¿lm¿ĸt¿r. Alēnan bu ºl¿mlere gºre, embersel biim deĵiĸtirme daĵēlēmēnēn boru d¿ĸey 

eksenine gºre simetrik olmasē, borunun bu kesitte d¿ĸey eksene gºre simetrik zemin 

tepkisine maruz kaldēĵēnē gºstermektedir. Bu da, borunun iki tarafēnda yer alan zeminin 

¿niform yerleĸtirilebildiĵi anlamēna gelmektedir. Bu ēkarēm GeoGauge ºl¿mleri ile 

desteklenmektedir. Yatay simetri izgisi d¿zeyinde (z=77 cm) borunun doĵu ve batē 

tarafēnda alēnan ºl¿mler Deney #2, Deney #3 ve Deney #4 iin sērasē ile                        3.46 

ï 3.41 MN/m, 3.65 ï 3.60 MN/m ve 3.41 ï 3.43 MN/môdir. Ta d¿zeyinde (z=94 cm) 

borunun doĵu ve batē tarafēnda alēnan ºl¿mler Deney #2, Deney #3 ve Deney #4 iin sērasē 

ile 3.63 ï 3.56 MN/m, 3.72 ï 3.79 MN/m ve 3.57 ï 3.65 MN/môdir. 

 



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Geliĸmeler ve Deneyimler Sempozyumu  

Symposium on Developments and Experiences in Geotechnics, in honour of Prof. Dr.Kutay ¥ZAYDIN 

02 Haziran 2014,  Yēldēz Teknik ¦niversitesi, Ķstanbul 

July 2, 2014,  Yēldēz Technical University, Istanbul 

    

 

98 

 

 

Kesit evresinde 200 kN/mĮ y¿zey gerilmesi altēnda embersel biim deĵiĸtirme daĵēlēmē 

ķekil 6ôda verilmiĸtir. Dºrt deneyden elde edilen biim deĵiĸtirme daĵēlēmlarēnēn tutarlē 

olmasē bu deneyin tekrarlanabilir olduĵunu gºstermektedir. ķekil 7ôde gºr¿ld¿ĵ¿ ¿zere, en 

k¿¿k sēkēĸma 0Á ve 180Á konumlarēnda ve en b¿y¿k sēkēĸma ise 90Á ve 270Á konumlarēnda 

meydana gelmiĸtir. Bu durum, merkez kesit iin ift eksenli gerilme koĸulunun geerli 

olduĵunu gºstermektedir. 

 

 

 
 

 

ķekil 7. Kesit evresinde 200 kN/mĮ y¿zey gerilmesi altēnda embersel biim deĵiĸtirme 

daĵēlēmē 

 

200 kN/mĮ y¿zey gerilmesi altēnda tata ve tabanda embersel biim deĵiĸtirmelerin boru 

boyunca deĵiĸimi ķekil 8ôde verilmiĸtir. Yatay simetri izgisinde de (90Á ve 270Á konumlarē) 

boylamsal biim deĵiĸtirmelerin boru boyunca deĵiĸiminin ºzdeĸ olmadēĵē ºl¿lm¿ĸt¿r. Bu 

durum, boru ularēnēn tankēn sēnēr koĸullarēndan etkilendiĵini gºstermektedir.  
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Merkez kesitte boru iine yerleĸtirilen potansiyometrik deplasman ºlerler ile boru apēndaki 

deĵiĸimler ķekil 9ôde verilmiĸtir.  

 

Boru yatay simetri izgisi d¿zeyinde (z=77 cm) yer alan oturma plakalarēndan (OP-Doĵu ve 

OP-Batē) alēnan ºl¿mler ķekil 10ôda verilmiĸtir. Bu iki konumdaki oturmalarēn dºrt 

deneyde de birbirine ok yakēn olduĵu gºr¿lm¿ĸt¿r.  
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ķekil 8. 200 kN/mĮ y¿zey gerilmesi altēnda tata (0Á konumu) ve tabanda (180Á konumu) 

embersel biim deĵiĸtirmelerin boru boyunca deĵiĸimi 
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ķekil 9. Merkez kesitte d¿ĸey ve yatay aptaki deĵiĸim 
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ķekil 10. Boru yatay simetri izgisi d¿zeyinde meydana gelen oturmalar 

 

 

4. SONU¢LAR 
 

Bu alēĸmada, gºm¿l¿ esnek boru davranēĸēnēn laboratuarda model deneylerle 

incelenebilmesi kapsamēnda kurulan deney sisteminde yapēlan 4 adet deneye ait ºl¿m 

sonularē ºzetlenmiĸtir. Bu deneylerde, boru ve zeminde yapēlan enstr¿mentasyonlar 

deĵerlendirilmiĸtir. Merkez kesitte alēnan ºl¿mlerin sēnērlardan etkilenmediĵi, embersel 

biim deĵiĸtirme daĵēlēmēnēn tutarlē ve deneylerin tekrarlanabilir olduĵu gºr¿lm¿ĸt¿r. Bu 

durum, merkez kesit iin ift eksenli gerilme koĸulunun geerli olduĵunu gºstermektedir. 

Bu da, borunun iki tarafēnda yer alan zeminin uniform yerleĸtirilebildiĵi anlamēna 

gelmektedir. Boru boyunca biim deĵiĸtirmelerin ºzdeĸ olmadēĵē, yani boru u kēsēmlarēnēn 

model deney ortamēnēn sēnēr koĸullarēndan etkilendiĵi sonucuna varēlmēĸtēr.  
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DARBELĶ KIRMATAķ KOLON (DKK) ELEMANLARIN IN 

DEFORMASYON TEMELLĶ TASARIMI  
 

PERFORMANCE BASED DESIGN OF RAMMED AGGREGATE PIERS 

(RAPS) 
 

M. Ayhan SAYRA¢1,   H. Ferhat KEMALOĴLU2,   Ece KURT BAL 3, Lale ¥NER4,   

Kemal ¥nder ¢ETĶN5 

 

 

 

¥ZET 
 

Bu alēĸmada, darbeli kērmataĸ kolon (DKK) elemanlarēnēn d¿ĸey y¿kler altēnda 

deformasyon ve kapasite performansēnēn saha y¿kleme deneyleri ile deĵerlendirilmesi konu 

edilmiĸ olup, sºz konusu deneyler on¿ farklē bºlgede imal edilen 63 kolon ¿zerinde 

gerekleĸtirilmiĸtir. Saha zemin profilleri farklēlēk gºstermekle birlikte, genel olarak yaklaĸēk 

18m derinliklere kadar normal konsolide birimlerin yer aldēĵē, bu tabakanēn altēnda, 

oĵunlukla orta sēkē-sēkē kum / saĵlam grovak / orta katē-sert kil birimlerin devam ettiĵi 

gºr¿lm¿ĸt¿r. Kohezif zeminlerin mukavemetinin belirlenmesinde aĵērlēklē ortalama 

yºntemiyle belirlenen temsili SPT N60 deĵerleri kullanēlmēĸtēr. Arazi y¿kleme deney 

sonularē nihai taĸēma kapasitesi ile normalize edilen y¿ke karĸēlēk, kolon apē ile normalize 

edilen oturma grafikleri ĸeklinde sunulmuĸtur. ¢alēĸma sonularē esas alēndēĵēnda: i) ok 

yumuĸak killerde maksimum eper s¿rt¿nme direncinin DKK apēnēn %40ôē 

mertebelerindeki deplasmanlarda mobilize olduĵu, benzer olarak gºrece daha sert killerde 

ise bu deplasman deĵerinin %10 mertebelerinde olduĵu gºr¿lm¿ĸt¿r, ii) apla normalize 

edilmiĸ deplasman deĵerinin %2-5 mertebelerine ulaĸtēĵē durumlarda kapasitenin %30-50 

mertebelerinde mobilize olduĵu ve oturma davranēĸēnēn doĵrusal elastik ĸekilde bu 

mertebelere ulaĸtēĵē anlaĸēlmēĸtēr, iii)  normalize kapasite mobilizasyon davranēĸēnēn foraj ile 

teĸkil edilmiĸ kazēklarēn davranēĸēna kēyasla daha s¿nek olduĵu belirlenmiĸtir, iv) basēn 

altēnda DKK elemanlarēnēn birim deformasyonla pekleĸen davranēĸ gºsterdiĵi, dolayēsē ile 

tasarēma esas kapasitenin projeye ºzel izin verilebilir deformasyon deĵeri ile belirlenmesi 

gerektiĵi gºr¿lm¿ĸt¿r.  

 

Anahtar sºzc¿kler: Darbeli kērmataĸ kolon, kolon y¿kleme testi, taĸēma kapasitesi, oturma 
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ABSTRACT  
 

Within the confines of this paper, a normalized deformation based capacity mobilization 

assessment scheme is presented for rammed aggregate piers (RAP). For this purpose, field 

load tests, performed on 63 RAPs in Turkey were assessed. Site investigations at these sites 

revealed that generalized soil profiles are mostly composed of normally consolidated clay 

layers extending to a depth of 18m. Below this depth, usually medium dense to dense sand / 

hard greywacke / very stiff to hard clay are present. A weighted arithmetic mean SPT N60 

assessment procedure was used to estimate representative soil strength and stiffness 

parameters in cohesive soils. The results of RAP load tests were summarized in the form of 

normalized mobilized capacity versus settlement curves as functions of representative SPT 

N60 values. The normalized field load test database revealed that: i) the shaft resistance is 

observed to be fully mobilized at normalized displacements of 40 percent of RAP diameter 

for very soft clays to 10 percent for relatively stiffer clays, ii) upto normalized displacements 

of 2-5% of RAP diameter, 30-50% of the shaft resistance capacity is mobilized in a rather 

linear elastic manner, iii) normalized capacity mobilization response of RAPs is softer than 

the ones of bored concrete piles, iv) under compressive loads RAPs exhibit a strain 

hardening response, as a result of which the design-basis capacity is dominated by allowable 

settlement criterion.  

 

Keywords: Rammed aggregate pier, load tests, bearing capacity, settlement 

 

 

1. GĶRĶķ 
 

Taĸēma g¿c¿ yetersizliĵi, aĸērē oturma, sēvēlaĸma ve duraysēzlēk gibi m¿hendislik 

problemlerine gebe sahalarda inĸaasē planlanan yapē temelleri altēnda sēklēkla zemin 

iyileĸtirme uygulamalarēna ihtiya duyulabilmektedir. Bu kapsamda, derin temeller ya da 

sēkēĸabilir zeminin kazēlarak yerine daha iyi nitelikli malzeme doldurulmasē gibi mevcut 

ºz¿m yºntemlerine alternatif olarak darbeli kērmataĸ kolonlardan oluĸan rijit  elemanlar da 

kullanēlmaktadēr. Bu alēĸma kapsamēnda, apē 50 cm olan muhafazalē  alttan beslemeli kuru 

sistemle (Geopier-Impact yºntemi ile) imal edilmiĸ darbeli kērmataĸ kolon elemanlarēnēn 

d¿ĸey y¿kler altēndaki davranēĸē konu edilmiĸ olup, bu kolonlar ¿zerinde uygulanan tam 

ºlekli y¿kleme deneylerinin sonularē normalize edilen y¿k-oturma davranēĸē ĸeklinde 

sunulmuĸtur. Bu amaca yºnelik olarak Geopier-Impact yºntemi ile T¿rkiye'nin on¿ farklē 

yºresinde imal edilmiĸ 63 adet darbeli kērmataĸ kolon (DKK)  ¿zerinde y¿kleme deneyleri 

gerekleĸtirilmiĸtir. Bildiri kapsamēnda kēsa bir literat¿r ºzeti sonrasē, y¿kleme deneyi 

sonularē ve ºnerilen normalize kapasite mobilizasyon eĵrileri sunulacaktēr.  

 

 

2. LĶTERAT¦R ¥ZETĶ 
 

Barksdale ve Bachus (1983), taĸ kolonlar iin yenilme mekanizmalarēnē ¿ ĸekilde 

gruplandērmēĸtēr. Bu mekanizmalar yanal geniĸleme, makaslama ve zēmbalama yenilmeleri 

olarak tanēmlanmēĸtēr. Deĵiĸik yenilme mekanizmalarē esas alēnarak, d¿ĸey y¿kler altēnda taĸ 
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kolonun nihai taĸēma kapasitesinin belirlenmesine yºnelik teorik ºz¿mler geliĸtirilmiĸtir. 

Bunlardan bazēlarēnē, yanal geniĸleme yenilmesi iin; Grrenwood (1970), Vesic (1972), 

Hughes ve Withers (1974), Datye ve Nagaraju (1975), Madhav ve diĵ. (1979), kesme 

yenilmesi iin; Madhav ve Vitkare (1978), Wong (1975), Barksdale ve Bachus (1983), 

zēmbalama yenilmesi iin ise; Aboshi ve diĵ. (1979) ĸeklinde sēralayabiliriz.  

 

Taĸ kolon nihai taĸēma kapasitesinin; kolon geometrisine, imalat yºntemine, kolonun ve 

zeminin mukavemet ºzelliklerine baĵlē olduĵu bilinmektedir. Uygulanan y¿k¿n b¿y¿k bir 

bºl¿m¿ kolon ucuna iletilmeden kolon eperinde mobilize olduĵundan, genel olarak "uzun 

taĸ kolon" taĸēma kapasitesi analizlerinde, kolon boyunu ihmal ederek hesaplamalarēn 

yapēlmasēnē ºneren yºntemler mevcuttur. ¥rnek olarak, uzun kolonlar iin deneysel olarak 

taĸ kolon nihai taĸēma kapasitesi, Hughes ve Withers (1974) ve Pitt ve diĵ. (2003) 

tarafēndan araĸtērēlmēĸtēr. Hughes ve Withers (1974), normal konsolide killerde bir seri 

model deneyleri ile yanal geniĸleme yenilmesi ¿zerine de araĸtērma yapmēĸlar ve yanal 

geniĸlemenin 4D derinliklere kadar zeminin maksimum radyal direnci ile iliĸkili olduĵu 

sonucuna varmēĸlardēr. Ayrēca, son zamanlarda tekil kolonlar ve grup kolonlar iin nihai 

taĸēma kapasitesinin tahmininde saha alēĸmalarēnēn ve sonlu elemanlar yºnteminin 

kullanēlarak analitik ºz¿mlerin sunulduĵu yaklaĸēmlar (Etezad, 2006) da mevcuttur. Ali ve 

diĵ. (2010), kolon apēnēn taĸēma kapasitesi ¿zerindeki etkisini, boy/ap (l/d) oranē 6 olacak 

ĸekilde 40mm, 50mm ve 70mm aplē kolonlar ¿zerinde laboratuvar deneyleri ile 

araĸtērmēĸlardēr. Sonular, k¿¿k aplē kolonlar iin taĸēma kapasitesinin aynē deformasyon 

altēnda %60 daha fazla olduĵunu gºstermiĸtir. Diĵer ifadesi ile k¿¿k aplē kolonlarda 

kapasite deformasyonla daha hēzlē mobilize olmaktadēr.   

 

Bae ve diĵ. (2002), taĸ kolon yenilme mekanizmasē ¿zerindeki parametre etkisini 

laboratuvarda model testler ile araĸtērēp, sonularē sonlu elemanlar yºntemi ile 

karĸēlaĸtērmēĸlardēr. Tekil taĸ kolonlarda yanal geniĸleme yenilmesinin 1,6D ï 2,8D 

derinliklerde oluĸtuĵu ve kolon taĸēma kapasitesinde zeminin drenajsēz kayma 

mukavemetinin ve alan oranēnēn etkili olduĵu gºr¿lm¿ĸt¿r. Madhav ve Miura (1994), birok 

araĸtērmacēnēn yºntemini bir araya getirerek bir alēĸma yapmēĸlardēr. Bu yºntemler 

incelendiĵinde, nihai taĸēma kapasitesi iin geniĸ bir aralēk (ķekil 1b) ortaya ēktēĵēndan, 

tasarēmēn y¿kleme testleri ve enstr¿mantasyonlar ile doĵrulanmasē ºnerilmektedir.  
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ķekil 1. a) Taĸ kolon ¿zerindeki gerilme b) farklē yºntemlerin karĸēlaĸtērēlmasē (Madhav ve 

Miura, 1994) 

 

Thompson ve Suleiman (2010), y¿k-deformasyon iliĸkisinin n¿merik analizler ile tahmininde 

DKK imalat ĸeklinin nasēl modellenmesi gerektiĵini araĸtērmēĸlardēr. Boĸluk geniĸleme 

teorisini modelleyebilmek iin, hacimsel birim deformasyon yºntemini kullanmēĸlar ve 

ºl¿len ile hesaplanan deformasyonlarēn uyumlu olduĵunu gºrm¿ĸlerdir.  

 

Das  ve Pal (2012), kumlu silt ve kil zeminlerdeki taĸ kolon kapasitesini laboratuvarda 

kurulan tank sistemi ile araĸtērmēĸlardēr. 25mm deformasyona ulaĸana dek eĸitli aplardaki 

taĸ kolonlar ¿zerine y¿kleme yapēlmēĸtēr. Taĸ kolon apēnēn artmasē ile bu deformasyon 

deĵerinde mobilize olan kolon kapasitesinde %85 mertebelerinde azalma olduĵu 

gºr¿lm¿ĸt¿r. 

 

Ambily ve Gandhi (2004), y¿k-deformasyon davranēĸēnē, taĸ kolonun nihai eksenel 

kapasitesini ve iyileĸtirilmiĸ zeminin rijitliĵini; deneysel yºntemler ve sonlu elemanlar 

yºntemi ile araĸtērmēĸlardēr. Tekil kolonda yanal geniĸleme yenilmesinin  0,5D - 1,0D 

derinlikte oluĸtuĵu, y¿k-deformasyon davranēĸēnēn neredeyse doĵrusal olduĵu ve 

iyileĸtirilmiĸ zemin rijitliĵine ulaĸtēĵē gºr¿lm¿ĸt¿r.  

 

Zahmatkesh ve Choobbasti (2010), taĸ kolonlar ile desteklenmiĸ ĸerit temelin taĸēma 

kapasitesinin deĵerlendirilmesi iin bir seri sayēsal analiz yapmēĸlardēr. Yapēlan analizler 

sonucunda, geliĸtirdikleri taĸēma kapasitesi oranēnēn; kolon aralēĵēna ve temel geniĸliĵine 

baĵlē olduĵunu bulmuĸlar ve t¿m sonularē literat¿r ile karĸēlaĸtērmēĸlardēr. Temel boyutunun 

artmasēyla, taĸēma kapasitesi oranēnēn, Etezad (2006)ônēn kullandēĵē eĸdeĵer zemin/kolon 

sistemi yºntemine yakēn sonular verdiĵi gºr¿lm¿ĸt¿r.  

 

Afshar ve Ghazavi (2013), nihai taĸēma kapasitesinin tahmini iin basit bir yºntem 

geliĸtirmiĸlerdir. Bu yºntem, yanal toprak basēncē teoremi ile kolonun ve zeminin kayma 

mukavemeti parametrelerinin kullanēmēna dayanmakla birlikte, ap ve kolon aralēĵē gibi 

geometrik parametrelere de ihtiya duymaktadēr. Ķlgili sonular, sonlu elemanlar yºntemi ve 

(a) 

(b) 
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literat¿r ile doĵrulanmēĸ olup, taĸ kolon s¿rt¿nme aēsēnēn artmasēyla nihai taĸēma 

kapasitesinin artēĸ gºsterdiĵi sonucuna varēlmēĸtēr.    

 

 

3. DARBELĶ KIRMATAķ KOLON (DKK) ĶMALATI 
 

Literat¿rde de detaylē olarak tartēĸēldēĵē ¿zere taĸ kolon elemanlarēnēn gerek kapasite gerekse 

de deformasyon davranēĸēna etken ana parametrelerden biri imalat yºntemidir. Bu alēĸma 

kapsamēnda 63 farklē noktada Geopier-Impact sistemi ile darbeli kērmataĸ kolon (DKK) 

imalatē gerekleĸtirilmiĸ olup, impact elemanlarē iin imalat adēmlarē aĸaĵēda ºzetlenmiĸtir: 

 

(1) Alt ucu kapalē olan 36 cm aplē mandrel itme kuvveti ve vibrasyonlu darbe ile tasarēm 

derinliĵine kadar indirilir (ķekil 2a).  

(2) Mandrel ve hazne kērmataĸ ile doldurulur (ķekil 2b).  

(3) 100 cm yukarē / 67 cm aĸaĵē itme yºntemi ile d¿ĸey vibrosyon uygulanarak sēkēĸtērma 

iĸlemi gerekleĸtirilir (ķekil 2c). 100 cm yukarē / 67 cm aĸaĵē itme yºntemi ile sēkēĸtērma 

gerekleĸtirildiĵinde 36 cm olan ap, 50 cm apa geniĸler. 

Bu bildiri kapsamēnda sunulan y¿kleme deney sonularē ve dolayēsē ile bu sonularē esas 

alarak geliĸtirilmiĸ normalize edilmiĸ kapasite ve deplasman davranēĸē Geopier-Impact 

yºntemi ile teĸkil edilmiĸ DKK eleman davranēĸē iin geerli olup, farklē imalat yºntemleri ile 

teĸkil edilmiĸ rijit kolonlarēn sunulandan farklē davranēĸ gºstermesi olasēdēr.   

 

   
 

ķekil 2. Impact sistemi ile kolon imalatē 

 

 

4. ZEMĶN ARAķTIRMA ¢ALIķMALARI  
 

Zemin araĸtērma alēĸmalarē kapsamēnda, 23 - 40 m derinliklere ulaĸan sondaj alēĸmalarē 

gerekleĸtirilmiĸtir. ¢eĸitli derinliklerde standart penetrasyon testleri yapēlmēĸ, ºrselenmiĸ ve 

ºrselenmemiĸ numuneler alēnmēĸtēr. Temsili zemin profilinin gºsteriminde ºrnek teĸkil 

(a) (b) (c) 
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etmesi aēsēndan Yalova ve Afyon sahalarēna ait zemin profilleri sērasēyla ķekil 3 ve ķekil 

4ôde sunulmuĸtur. Zemin araĸtērma alēĸmalarē, temsili zemin profilinin yaklaĸēk 4 - 18m 

derinliklere kadar normal konsolide, d¿ĸ¿k-y¿ksek plastisiteli, yumuĸak -  orta katē kēvamlē 

CL-CH birimlerinden oluĸtuĵuna iĸaret etmektedir. Yer yer siltli kil - killi silt ara 

tabakalarēna ek olarak kum ara tabakalarē da kesilmiĸtir. DKK elemanlarēnēn getiĵi 

birimlerin altēnda ise taĸēma ve oturma davranēĸlarē aēsēndan sēkēntēsēz orta sēkē - sēkē akēllē, 

killi, siltli kum / saĵlam grovak / orta katē ï katē - ok katē - sert kil birimlerin devam ettiĵi 

gºr¿lm¿ĸt¿r. Yeraltē su seviyesinin t¿m sahalarda 0,0 - 5m derinlikler arasēnda olduĵu 

gºr¿lm¿ĸt¿r.  
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ķekil 3. Temsili zemin profili ï Yalova 
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ķekil 4. Temsili zemin profili ï Afyon 
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5. DKK Y¦KLEME DENEY Y¥NTEMĶ 
 

Y¿kleme deneyi, ASTM D-1143 standardēnda tanēmlanmēĸ olan kazēklarēn basēn altēndaki 

davranēĸlarēnē ºlen deney aĸamalarēnda benzer ĸekilde yapēlmaktadēr. Deney y¿k¿ doĵrudan 

kolon ¿zerine uygulanabildiĵi gibi, zemin ve kolondan teĸkil edilen birim h¿cre ¿zerine de 

uygulanabilir. Arazi y¿kleme deneyleri sērasēnda y¿kleme kademelerine % 5 artēĸ ile 

baĸlanmēĸ olup, bu artēĸ tasarēm y¿k¿n¿n % 150ôsine kadar devam ettirilmiĸtir (¢izelge 1). 

Daha sonra boĸaltma kademeleri ile devam edilerek, ilgili deneyler bitirilmiĸtir. ķekil 5ôde 

y¿kleme deney d¿zeneĵi gºsterilmiĸtir.  

¢izelge 1. Y¿kleme deney aĸamalarē 

No Zaman (dk.) 

(min. / max.) 

Y¿k 

(%)  
No Zaman (dk.) 

(min. / max.) 

Y¿k 

(%)  

0 15 / 60 5 8 15 / 60 133 

1 15 / 60 16 9 15 / 60 150 

2 15 / 60 33 10 N/A 100  

3 15 / 60 50 11 N/A 66 

4 15 / 60 66 12 N/A 33 

5 15 / 60 83 13 N/A 0 

6 15 / 60 100 14 N/A 100 

7 60 / 240  116 * 15 N/A 0 

* Kolon ¿zerindeki maksimum y¿k¿n %115ôinde, oturma hēzē 0,254mm/saat olduĵu takdirde y¿kleme 

okumalarē ºnerilen maksimum s¿rede (60dk) sonlandērēlēp, bir sonraki kademeye geilir, aksi halde ºnerilen 

maksimum s¿reye (4 saat) kadar devam edilir.   

 

Ek olarak Geopier-Impact elemanlarē ¿zerinde gerekleĸtirilen y¿kleme deneylerinde, 

kolonun u kesmine "tell-tale" olarak adlandērēlan ubuk elemanlar yerleĸtirilerek u 

bºlgesindeki deformasyon davranēĸē da izlenmeye alēĸēlmēĸtēr (Brian et al., 2006). ¢ubuk 

elemanē, yatay elik plaka ¿zerine yerleĸtirilen ve pvc boru ile muhafaza edilmiĸ iki adet 

demir ubuktan oluĸmaktadēr. Y¿kleme deneyi sērasēnda kolon ¿st kotunda ve tell-tale 

plakasēnda oluĸan deplasman ve y¿k deĵerleri kayēt altēna alēnmēĸtēr.  

 

   
 

ķekil 5. Y¿kleme deney d¿zeneĵi 
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6. Y¦KLEME DENEY SONU¢LARI VE DEĴERLENDĶRME 
 

¢alēĸmada, yumuĸak - katē kil zeminlerde imal edilmiĸ 63 tekil kolon ¿zerinde, kolon taĸēma 

kapasitesinin ve rijitliĵinin belirlenmesine yºnelik olarak y¿kleme deneyleri 

gerekleĸtirilmiĸtir. Bitmiĸ apē 50 cm olan ve boylarē 8 m ile 17 m arasēnda deĵiĸim 

gºsteren Geopier-Impact darbeli kērmataĸ kolon elemanlarē, on¿ farklē yºrede ve alēĸma 

alanēnda imal edilmiĸ olup, bu kolonlar ¿zerinde y¿kleme deneyleri uygulanmēĸtēr. Bu 

alēĸma kapsamēnda, y¿kleme deneylerinden elde edilen y¿k-oturma grafikleri kullanēlarak 

nihai kolon taĸēma kapasitesi belirlenmiĸ, nihai kapasiteye ulaĸēlamayan y¿kleme durumlarē 

iin ise hiperbolik yaklaĸēm kullanēlmēĸtēr. Reese ve OôNeill (1988) yºntemine benzer 

ĸekilde; nihai taĸēma kapasitesine gºre normalize edilen y¿ke karĸēlēk kolon apē ile 

normalize edilen oturma grafikleri elde edilmiĸtir. Ķlgili grafikler alēĸma sahasē zeminlerinin 

mukavemet ve rijitlik ºzelliklerini temsilen, temsili N60 deĵerine gºre sēnēflandērēlmēĸtēr. 

Temsili N60 deĵerinin hesaplanmasēnda enerji verimine gºre d¿zeltilmiĸ SPT N60 deĵerleri 

kullanēlmēĸ olup, bu deĵerlendirme kapsamēnda y¿zeyden itibaren 8 m-17 m derinliklere 

kadar doĵrusal olarak azalan bir aĵērlēk faktºr¿ kullanēlarak y¿zeye yakēn SPT N60 

deĵerlerinin ortalama hesaplanmasēnda daha y¿ksek aĵērlēkla temsil edilmesi saĵlanmēĸtēr. 

Aĵērlēklē ortalama kullanēlarak elde edilen temsili SPT N60 deĵerleri (N60,rep.) ¢izelge 2ôde 

ºzetlenmiĸtir. ķekil 6ôda y¿kleme testi sonularēna ºrnek teĸkil edebilecek Yalova ve 

Yozgat sahalarēnda gerekleĸtiren iki adet temsili y¿k-oturma grafiĵi gºsterilmiĸtir.   

 

¢izelge 2. SPT N60,rep. deĵerleri, DKK boylarē ve alēĸma sahalarē 

No 
¢alēĸma  

Sahasē 
N60,rep. 

DKK 

Boyu 

(m) 

No 
¢alēĸma  

Sahasē 
N60,rep. 

DKK 

Boyu (m) 
No 

¢alēĸma  

Sahasē 
N60,rep. 

DKK 

Boyu 

(m) 

1 Afyon-1 3 8 22 Bursa 14 16 43 Sivas 10 9 

2 Afyon-1 5 8 23 Bursa 11 17 44 Yalova  7 12 

3 Afyon-1 3 11 24 Bursa 11 17 45 Yalova  7 14 

4 Afyon-1 4 16 25 Bursa 11 17 46 Yalova  6 16 

5 Afyon-1 5 16 26 Bursa 11 17 47 Yalova  11 16 

6 Afyon-2 9 14 27 Gaziantep-1 12 7 48 Yalova  11 16 

7 Afyon-2 9 17 28 Gaziantep-1 12 8 49 Yalova  7 16 

8 Afyon-2 9 14 29 Gaziantep-2 13 9 50 Yalova  10 16 

9 Afyon-2 9 17 30 Gaziantep-2 13 9 51 Yalova  12 16 

10 Aydēn 8 18 31 Ķstanbul-1 13 10 52 Yozgat-1 9 12 

11 Aydēn 8 18 32 Ķstanbul-2 3 14 53 Yozgat-1 8 10 

12 Aydēn 7 13 33 Ķstanbul-2 2 8 54 Yozgat-1 10 8 

13 Aydēn 7 13 34 Kayseri 22 17 55 Yozgat-1 10 8 

14 Bursa 11 16 35 Kayseri 22 17 56 Yozgat-1 11 17 

15 Bursa 11 16 36 Sivas 10 9 57 Yozgat-1 12 15 

16 Bursa 14 16 37 Sivas 10 10 58 Yozgat-2 6 15 

17 Bursa 14 16 38 Sivas 6 12 59 Yozgat-2 8 12 

18 Bursa 11 16 39 Sivas 15 10 60 Yozgat-2 4 10 

19 Bursa 11 16 40 Sivas 5 10 61 Yozgat-2 10 9 

20 Bursa 11 16 41 Sivas 5 10 62 Yozgat-2 10 9 

21 Bursa 14 16 42 Sivas 15 7 63 Yozgat-2 10 9 
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ķekil 6. Temsili y¿kleme deney sonularē a) Yalova b) Yozgat  

 

6.1. ¢eper Direncinin Mobilizasyonu 

 

Reese ve OôNeill (1988), servis y¿kleri altēnda oĵunluĵu forajla imal edilmiĸ yerinde dºkme 

beton kazēĵēn oturmasēnē hesaplamak iin kohezyonlu ve kohezyonsuz zeminlerde eper ve 

u direnleri iin normalize edilen y¿ke karĸēlēk normalize edilen oturma grafiklerini, tam 

ºlekli y¿kleme deneylerini kullanarak geliĸtirmiĸlerdir. Bu grafikler, oturmayē, mobilize 

olmuĸ direncin t¿m dirence oranē ĸeklinde ifade etmektedir.  Bu deĵerlendirmeden 

esinlenerek, kohezyonlu zeminler iinde teĸkil edilmiĸ DKK elemanlarēn normalize eper 

kapasitesini nasēl mobilize ettiĵini belirleme amacēna yºnelik olarak 63 adet y¿kleme deney 

verileri deĵerlendirilmiĸtir. Y¿kleme deneylerinden elde edilen y¿k-oturma grafikleri 

kullanēlarak nihai kolon taĸēma kapasitesi (Qult) belirlenmiĸtir. Y¿kleme sērasēnda birok 

durumda nihai kapasiteye ulaĸmak m¿mk¿n olmadēĵēndan hiperbolik fonksiyon benzeĸtirme 

yºntemi ile Qult deĵerleri elde edilmiĸtir. DKK elemanēnēn eper bºlgesinin maruz kaldēĵē 

temsili deformasyonu bulmak ¿zere kolon ¿st kotu ile kolon alt kotunda ºl¿len 

deplasmanlarēn ortalama deĵerleri hesaplanmēĸtēr. Ķlgili y¿kleme testleri, SPT N60 

deĵerlerinin 2 ila 22 arasēndaki deĵerleri iin gruplandērēlmēĸ olup, temsili olarak seilen ve 

SPT N60 = 6 iin belirlenen nihai taĸēma kapasitesi (Qult) grafikleri ķekil 7ôde gºsterilmiĸtir. 

Aynē ĸekil ¿zerinde hiperbola eĵrisi kullanēlarak maksimum kapasitenin nasēl belirlendiĵi de 

gºsterilmiĸtir. ķekiller ¿zerinde ºl¿mle belirlenmiĸ veriler kesiksiz izgilerle, hiperbola ile 

t¿retilmiĸ veriler ise kesikli izgiler ile gºsterilmiĸtir.  
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ķekil 7. Y¿k - oturma grafiĵi kullanēlarak Qult tahmini a) Yalova b) Yozgat 
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Y¿kleme deney verileri kullanēlarak her bir test iin tahmin edilen Qult deĵerleri kullanēlarak 

normalize edilen y¿ke karĸēlēk, kolon apē (D=50cm) ile normalize edilen oturma grafikleri 

elde edilmiĸtir. Yalova ve Yozgat sahalarēnda gerekleĸtirilen ve SPT N60 = 6 deĵeri iin 

elde edilen temsili grafikler sērasē ile ķekil 8 ve ķekil 9ôda gºsterilmiĸtir.  
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ķekil 8. Normalize edilen y¿k - oturma grafiĵi (Yalova, SPT N60 =6) 
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ķekil 9. Normalize edilen y¿k - oturma grafiĵi (Yozgat, SPT N60 =6) 

 

ķekil 10a'da, 63 tekil y¿kleme deney verileri normalize d¿zlemde gºsterilmiĸ olup, 

davranēĸēnēn yayēlēmēnēn belirlenmesi iin temsili SPT N60 verilerinin minimum (2) ve 

maksimum (22) deĵerlerine ulaĸtēĵē sahalardan elde edilen veriler ķekil 10b, ve daha detaylē 

bir ºlekte ķekil 10c'de gºsterilmiĸtir.  
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ķekil 10. Normalize edilen y¿k - oturma grafiĵi   

 

Kēyaslama imk©nē vermek ¿zere, ķekil 11a'da,  Reese ve OôNeill (1988) tarafēndan 

kohezyonlu zeminlerde forajla teĸkil edilmiĸ betonarme kazēklar iin geliĸtirilmiĸ eper 

direnci iin normalize edilen y¿ke karĸēlēk normalize edilen oturma grafikleri, DKK 

elemanlarē iin elde edilmiĸ davranēĸ ile birlikte sunulmuĸtur. SPT N60 verilerinin 2 ve 22 

olduĵu deĵerleri iin kolon ¿st kotu ile kolon alt kotunda ºl¿len deplasmanlarēn ortalama 

deĵerleri kullanēlarak elde edilen normalize y¿k-oturma grafiĵi ise ķekil 11bôde 

gºsterilmiĸtir.  

 

¢alēĸma sonularē esas alēndēĵēnda: i) ok yumuĸak (N60= 2-5 darbe/30 cm) killer iin eper 

s¿rt¿nme direncinin DKK apēnēn % 40ôē mertebelerindeki deplasmanlarda mobilize olduĵu, 

benzer olarak gºrece daha sert (N60= 20-25 darbe/30 cm) killer iin ise bu deplasman 

deĵerinin % 10 mertebelerinde olduĵu gºr¿lm¿ĸt¿r, ii) apla normalize edilmiĸ deplasman 

deĵerinin % 2-5 mertebelerine ulaĸtēĵē durumlarda kapasitenin % 30-50 mertebelerinde 

mobilize olduĵu ve oturma davranēĸēnēn doĵrusal elastik ĸekilde bu mertebelere ulaĸtēĵē 

anlaĸēlmēĸtēr, iii)  normalize kapasite mobilizasyon davranēĸēnēn foraj ile teĸkil edilmiĸ beton 

kazēklarēn davranēĸēna kēyasla daha s¿nek olduĵu belirlenmiĸtir, iv) basēn altēnda DKK 

elemanlarēnēn birim deformasyonla pekleĸen davranēĸ gºsterdiĵi dolayēsē ile tasarēma esas 

kapasitenin projeye ºzel izin verilebilir deformasyon deĵeri ile belirlenmesi gerektiĵi 

gºr¿lm¿ĸt¿r.  

 
ķekil 11. a) DKK elemanlarē Ķin normalize edilen y¿k - oturma grafiĵinin Reese & OôNeill 

(1988) yºntemi ile karĸēlaĸtērēlmasē b) SPT N60 = 2 ve 22 iin normalize edilen y¿k - oturma 

grafiĵi 
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