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Sayén RektOoorl er, Sayén Dekanl ar, Dejer i
¢o k Sevgili Es ki ve Yeni ¥-Threepnicniilzeir i snay gSa y\
selaml éyor um.

Bur ada ol manézdan b¢yek mut !l ul uk duyduj

duygul ar emeée iisftade® r@tmmevadelymi ni z saj ol un,
Toplanté@éaéens®bhamréan Yéldez Teknik | niversi:-
i fade ettikleri ol uml u dg,KOnceIer i-in -ok t
Toplantéeyée d¢gzenl eyen rkadakl aréeméen haz:é
i-inde s°z al baar émk hﬂ@rjiem haylots@mdan kesit]l e
emin olamadéjém derecede °v¢icyeg s°zler ile si
B¢t éen bu hakkéemda s°ylenenlerden sonra be
Her hal géemkim gereken, hayat én her akamada ba
ol duj um, ail eml e, yakenlarémla ve sizler gib
yakam s¢grdegjéem i -in Tanr ébdya K¢ kabeaanmevke o-lorka |
zamanda kaybettijim ajabeyim Oktay ¥zaydéeno

Oktay b¢gte¢n yakamém boyunca ol duju gibi bug
umar ém bir yerlerden bizi gdfdiyorn see shi s&&di
uzun toplanteéelaré kaldérabilecek d¢zeyde ol m
saygélarémé yolluyorum, wumarém burada yapeéelal

Geriye d°n¢p bakt &jaé mdapt €y a€kra méwr elradyeunn g
duydujumu ve tatmin oldujumu g°r¢yorum. Kns
geldijince iyl yapmak ve sorumlulukl aréemé ye
incitici davrangrlkasodsd rl @in & ] ui nydi niyeti mden
hokg°re¢l ¢ davrandeéeé. B¢t éen bunlar benim kKans|

Bu salonda beni 11 yakeémdan beri tanéya

akamal arénda pek olksa&ayegdgda phgstaktve] éam k-ad aKk



payl aktéjéméz mutluluklar hem de buge¢n bur ac
-ok seviyo-rvarolyn. saj ol un

Emeklilije ayréelmalaré vesilesieibgrdiaen
nsanl ardan herhalde bazé anélar yaneénda, h a
°r ¢k ve dejerlendirmeler duymak isterler.
e bir g candé , y anyansa chaarnt, egdiryowk | elrawni
€ yakayarak °jJreniyor um.
de ©°ncelikli ol arak kendi yakam f e
ri mi sizinle paylakmam uygun tar acak
, genik ovalaréen merkezinde yer al
jrénda Mevlanadyé baréndan Konyadd

s kikilijiemnoVvVerkmayatmaslfade.
adaxk!| ékl arén et ki si alteéend
S i ol dujunu d¢gkegngyor um. K
dvypunhudeége ort samlydraéndge ndad
zé kendine g¢ven duygusu g
etim d8lnemd ez i snepti & makaneé i
bet duygusunun KkikilikIler:H
r ortamda yetikmenin olumlu yan:
sspgksek drots abhmakimas k éaskéa rded jei Is,p
tisi, karkée cinsin g°z¢nde -0k -e
i nme hevesi gi bi gen-1leri yeti kme -ajeéend
kelardan ol dujunca mu&mkbibri rniometta nodlad uyjeut ni uk
ketti m. Bizim ortamémézda -ok -al é&kmak v
t
[
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i mi dersinden ikmale kalmak ejlencel:i b
i mizin kazverhadoamézyakne ¢niforma keéeyafe
amén unsurlaré olarak tanémladéjém bu dur
- -baarbrad ar én takdirine bérakeéyor um.

Ne derece °yledir bil mizy cardudne damee bbu eceka
apitalist topl umun aradej é derecede rekab
cKeéeneglebilir. Gen - beyinlerin daha rekabet -
zorl amaya tekal &e eidliéd melkii , yédlelrdhr da sadece da
zamanda daha iddialé bilim, sanat ve spor
yaratabilmektedir. Bunlardan (olumu!l umsuz ol anl ardan) hangi sini
verebil mek benim bilgi dajarcé] émé akmakt adeéerl
Benim insanlarda dejer verdijJim °neml. o
gelikmik ol masé olarak ifade edebilirim. H ¢
olumlu ©°zelnl igeirne ki nysaakndmr €evr esi i -inde ger e
gevenirlili kl dobdedujymrkiendarendy&kum. Bur ada
a-mak gerekirse, benim kastettijim her insar
olar&k zi kredil en namusl u vV e deéer ¢ st ol manén ° |
insanlarla ilikkiler:i gi bi konularda g¢veni
duygusu ile yakendan il ikkil:@ ol déeujuandue cde¢ KV
-evresine ve ikKine karkeée dejil, ayné zamanda
karkeée da sorumluluk ol arak hi sset mek, kendi
geldijince en iyl yereperpgendr meyer uml éX¥mabu
insanén ayné zamanda ge¢venilir bir insan ol ac
Kendi meslejimizle i1ilgild@ °rnekl eme yapma
her ortamda bilgisini v ee nd egneelyeimmlirne re mi i yaikg ian
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retler arkaséna séjénarak sorumlulukl aré
nNs¢st ¢ d¢zeyde der sl er ol sun, i sterse 1
ncinin oknkuén o¢lzdeurjiunnduen hbai | i nci nde ol maseé,
sahip olacajé belirli bir Kkonuyu ©°jJren
ndan -ékarmamasé gerektijine inanéyor um.
orumlul uk duygusu aynél azcamaadae phsanl ar
éndan da seéneérlayan, tekrar tekrar d¢gkgr
mlu bir insan °nce kendi I Ki ni en iyi K e
dée¢kenegyar um.t ebejemumesrkepdnde kbadar él é o
al ar éneé, kurumlaré ve hatta ¢l keyi i dare
nsanlarén sahip ol mayé en -ok arzu ettik
|l me isteji °nde gelir, ancak bunun bir r
ol mak, insanl ar |l a i i e-i nmek, onl arée keéer ma
pek -ok °zellik sayeél abilidrejilandbak!| gt i biac i
kucaklayecée ve en °nemlisi herkese karkeée adi
Konukmamen &&tedéndadunasiahdkmemeye gayr et
uUukma tam tersi y°ndgegel i dtgik g gaki lve. de@en e
'mize y°nel ik bazé de¢kegnceler i mi sizl
esi ve ayné zamanda bir mg,hendls
esini nruwnlrudnugiulnear idnaeh ak a°rnkcée sdoe j i n mi
yeridir diye d¢gkegngyor um. Dojrusu
| unmaunmadsaé ygeerrie ko Burjuiynaen éinrdaan ébyiorr ugmi v e
araktermaceé y°n¢gnegn de ©°nemli ol d
' i sans¢gst ¢ tez y°neti mi .stl enme
K%Jphmet iynmkve EqridaitmérPrmal et ki @l imig lhe
mesl eki gel i kmel er i takip et me
Asl énda bu 3 unsur, m¢ hendi sl i
eklinde mg& ¢ Melngkeiylii ri.yi Buknd rama k a
bozmamak ©°nem takémakt a
€ durumunda, hem arakt éer mal ar én
rgleériex/m‘é]eethme/araKtérmaya akt

éekter. ' n-i yreirwdteimi e, i whoinr |y ¢ 1
r en bir cniversite ol ma def,rul
czdeki yeéellarda bunun olumlu sonu

k-a yapéldéje gibi temel bil in
iro. Temel bilimlerde gelikmeler o
n ol mamakt adeéer . Anc ak m¢ hendi sl i
i kKl ev ¢stlenmekle kal mamakt a, ayl
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olar ak m¢ m
°neml. bi
olabilmektedir.
Genel ol ar ak i nKkaat m¢ henddlsendiislvig i © Xeol
i mi de kéesaca ifade etmek istiyor
ere dayanan ve uygulanmasénda uzma
r. Bu al gedad ki rnbkaakaétk t an¢ hseanddeicsel i pi r
i ikn meaoyne yvwvwdricherda inka edilen -o0
k¢-émsenecek bir i K ol madeéj e a- é
, ens arelmemént ¢hmem htiya-1|ar éné karK
i nin yapéménda ©°nemli bir I Kl evi ol
cretim akamalarénda g°rev alan elem

k
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A

ol madéjé ger-ejini yadséemak m¢gmken dejildir
yakamakt ayéz.

Geoteknik m¢ghendi sl ifji I nKaat m¢hendi sl i]
Ar akt ér ma, yerinde test et mguvéi uygebaman dre
de¢kendeg] ¢m bu dal da, mes| eki deneyi min ©°nemi
tasarém ve uygulama akamal ar énén he+denetind € mén
ml erinin i Kl et i lrmesBazbé ye kumsnuezm °trankeékn a
akélsa da, genel ol ar ak ¢l kemi zde ge
rden -0k geri de ol madéj éne déeKegnegyor |
l erince i¢grskdetnipreonj elokr iindddd,al&n il eri
hayat a ge-irilebilmektedir. Bu t ¢r teknol o
salonumuzda olduklaréné biliyorum. Dijer pe
uyguliarymaléarfén ¢niversitelerimizle daha sékeée
arakterma projelerine daha fazla destek ol me
otauzun vadede geri d°n¢kéengmwéel pygpelagrenpat @aaéd

¥zet ol ar ak, i nkaat m¢hendi sl i (ve geot
her te¢rl ¢ |ht|yacene karkélamaya y°nelik bir

yarat écéelék i-ereo dewxkhigybrrvajgexkeol duijuinn
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bu mesl ej gen-lere tavsiye ediyor um.

Bu vesile ile bir noktaya daha -sdaera ynimeink bgi
kapsamé ii-inde meslek odalaréenanékltaer-.oKkY a&knae
mesl ek i -1 ej i tim, uygul ama standartlareé ve
belgelendiril mesi ve uygul amal ar é nsamdymesek | e n m
odasé ¢-1l¢senegn ki nolliuvknl @ sa&aln@&ak mag € nvéenr e-ceej i ni
i nKkaat m¢ hendi sl er i odasénén -abalaréné takd
-abalare daha -ok dikkate almaséné ve daha vy

Konukmankéi kkiesnedli deneyi ml erime ve °zellikle
bazé dejerlendirmeler il e <Kdrmlran ddéerrneacke sbis tailyd
y él bir wuzman danékmanl|l ék «kKkirketinde B-Dadldeek ép
i-inde bulundujum sosyal ve maddi ol anakl ar e
yerindeyse T¢rkiyedde yakamak benim bakka a
bundan hi-bir zaman pikmanl ék duymadeém.

Kasém 19 760ded e a kkald e mi k hayatem baxkl adeé,
Fak¢ltesidnde dejikik ¢l ke ve kurumlardan |
yak gurubu i - ikdnidnea my &kr a&laadre,migegenl erl e Dbirl il
Ayc &, bu gen- akademi syenl er i tam dest ekl eye
ver e dejer | i hocal aremezé minnetle anmam ge
i zZe

o -

de -ok zevkli ve verimlindge- eln2 8E yy &ll
dar besinin akademi k yakamda yol a-t
aréndan dol aye, 3 yel bir yurt déke
bakl eyorabeniT| 6de bial iemmiak bir te
g anabilim daléené baktan ol ukt
n -ekici olan husustu. Bu tercihim
temab uh ikzumet et mek mutl ul ujuna eri kKt i m.
n, YT, 6de her kademede g°rev yapan
Kk vV e saygeé g°rd¢m. Zannederim bu
xeld atbiir ortam dejildi ve beni kur uma
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bir ort amda
r du. Her kes

Yéldez merkez kam S sé
rend
réena ortak -%z¢éemloer a
el an
an

p
r ail e ort améne b
ademi syenl er sorunl
ar ak -0k sécak kar
r de benimle -a
il

dém, késa s¢gre |
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<
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t¢m arkadak!| ar é

k yéllaréem bir yandan kendi ana

il mesi, dijer yandan 4 yeéel s¢recek
ran, ol duk-a késa sg¢riek i Analdiel,i nb alx

Iyl yeti kmi K gen- el emanl arlia ke
me S i ol muktur . B°l ¢m bakkanl éj & g°©°
rof. ZerrihrerBaeynakdakeal makbigkeye,t
ol dujum yeni bir kurumda y°netim
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dez | niv
ege ale é
Dekanl e
enin kur
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ersitesinin 1992 yélénda YT, 6e
kmaul an Knkaat Fak¢gltesi 6nin i
k el emanl aréné Fak¢lte Sekrete
u
u
e
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l ukundan iitibareml bazékt eBeal |
or anda g¢ne kadar devam ediyor ol mas
dest ek yardeml aréné g°rd¢jém dekan
H¢seyin Demirel de k¢kran bor -1 uyum.
karflréekv gs¢rem dolunca g°revi Sn. Prof. I
urullaréenda g°revlierim devam etti. Anca
ekrar dekanl ek g°revi cstl endj mst Bs da&@n
5] e
I

XX_E_CDI

nda Kocaeld] ve D¢zce depremlerinin mey
aréna yol a-an bu depremlerden sonr a,
[ haline gel di vevilbeirz ¢idset | feankmelkt ed ua luantuan
e bi yandan deprem korkusu takéyan

i taraftan deprem tehlikesinin

nbuvemasekemi ar den iyi Kekil de
rr-- kimlik sergilemeye °nem verdik
of. Zekeriya Polatdéa tekrar texke
z
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de el ageanla dbek&keodekbiverok idari g
derslerlml -0 JatkestaitMmatdaal iejjettlier i mi s¢erderm
dékeéenda, mesl eki kKurulukl ar , sivil toplum Kk
et meyek y%atedliara destek ol maya u aliélke n@iny o rnuem.
taraffank amu ve °©°zel kurulukl ar taraféndan ger-e
danékman ol arak g°rev yapar ak mewsnugaparkenetkg ul a

kurallaréna °zen g°stermeye ve kurumumuzun ¢
geride bérakteéjem arkadaklarém da ayné titiz

Gor ¢l deg] ¢ ¢zere 55 yakbé®mag ng ebladki K a midéej, € gveel
gerevlerini tamaml amék ve arték Yeldezden KkE
senato ¢yelifji ve ¢niversite y°netim kurulu
son 8 yéléndgdg,nivetrdetzesliekMekneld]i Te&hiowtair
projelendirilmesine ve hayata ge-irilmesine
bir-ok dejerli arkadakéeméen vyardemlareé il e ke
Dr.Ks mai | Yeksekdin ¢gstegn -abalaré ve begyék ke
noktanén memnuniyet verici bir d¢zeyde ol duj

25 vyela geri d°n¢p baktejéemda, birbiri a
-alékma@&ne!l dudjdu] umu g°zlemliyor um. Hepsine

Vii



d¢kéencelerime karké olumlu yaklakéemlaré i1 -1in
yapan dekanlar ve b°l ¢m bakkanl ar én écelerime p s i
saygé g°sterdiler, hepsine tekekk¢r ediyorum

Son ol ar ak, 25 yeéel s¢resince °Jrencim oln
0jrencilerime ve °9zellikle Geoteknik Anabil:i
ol abilenimileBtyegk!| &ir anlayéek ile karkel améxk
g°rev s¢r e miimkana nsaanllaacmaénka ar kadak|l ar éma - ok t e
duyuyorum.

2 Haziran 2014
YT, Kongr e Mer
Davut paka, K's
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Sayén Rekt?°or ¢m, Sayén Dekaném, Sayén Oda
Ailesinin dejerli mensupl ar é, Dej er | Hocal a
sevgi ve saygBugdmr Kuwetlagn Hoecamdegzenl edi J i mi z
araya geldik; hepiniz hok geldinizé

Our dear quests Mraind Mr. Krizek , Mrs and Mr. Holtz, | would like to welcome you
to this very special day honoring Profve ¥za:
years. Thank you very much for accepting our invitation without a hesitation and being a part of
this symposium.

Dej er | konukl ar bu sempozyum sizinle a
kateldejénéz i-in -o0ok tekerklkegmmeesdiinydoer ukma t kBéu
Rekt°r¢m ol mak ¢zere teé¢ém arkadakl aréma ve Kk
Raymon Krizek©oe, Prof . Bob Holtzbda, Prof . N
Atilla Ansal b6a -ok tekekkg¢gr eder i m.

Kutay Hoc a mé z é n anabilim dal eéméza, bo1l ¢m¢ mg¢ z
°neml. kat kéeélaré ol muktur. Bu kat kel aré anece
bakkanl éj e, i nKkaat fake¢l tesi dekanl ej é, én
Teknoparkéemézda y°netim kurulu ¢yeliji g°revl

Kendisini tanedéjéem 1989 yéléndan beri ta
isterim: Hocamézén atandéjé 1989 yéledadka Geo
G°r . ile 4 grupta 3006den fazla °jJrenci il
Laboratuvaréeddnda deneysel -alékma imkané -ok
tabii y¢ksek |isans programé a-€él maméckt é.

Hocaméz 19m9a2biyié@lne nddaal éenda Geot ekni k y¢ksel
Bizlere doktora ve y¢ksek I|Iisans imkanée do]j
yapamayan 1 arakteéerma g°revlisi var ken yél |
geoteknky ¢ k sek |l isans programémézdan yetiken bi
dal éemezda 3 Prof .2, ¥3 .DdGRrr,. G%r 2rg?®r ®vo -yap mak
Geoteknik Anabilim Dal é yeti Kmi K k@ddasu vi

cniversitemiz Geoteknik Laboratuvare T¢rkiye
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rekt®r¢gmeze
Hocamb a
doktorant é

néz ve sevdi
ar ak Prof .

senatosu tarafeéendan Prof.

veerzg.enat°rl erimize

huzurunuzda anabilim
itemize b¢yeék

Kut
- 0ok
dal

fedakoOorl ekl ar gesterer
erimi sunar ém.
ol maktanegumalbéxkcakdaip u
bildirmek istiyorum. Kut ay Hocam,

kl erinizle -0k g¢zel
Kut ay ¥zaydémdermsigu

k veren saygédejer validelerine
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oynayan Sayeéen Prof.
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Saygédejer hocalarém ve dejerli konukl ar é

Bu °zel g¢ne kateéeléeménéez i.-iBGed8tmelkhikl! Ana
ailesinin bir ¢yesi ol arak, burada konukma K
tekekke¢gr ediyor um. Her birimizin yetikmesi
bilim insané hoccaenké zs °halkereinrd ab is’lydre ntear af énd.
g°rev. Bu konuda kendi adeéma hissettikleri

-al éxacaj ém.

Beni bu g¢ne takéyan ve ka¥wzaydtdanee dadmn v
arakg®real i si olarak ekibinde yer almam hayat

Knkaat m¢ehendi sl iji 3. Sénéfta,emZe m nz aMek
kadar aldéejem dersBadder iokrifhr kl arhpddacicq ti i
kaynakl anan bir farklelek wvarde. Dahadede@nr a
far kl él éjBas  Hiasrske tétl ierh. Hocamézén derse verdil]
ilgiliydi.

Bitirme ©°devi ol anakvgeet akmatl E HBahbhapam
deney -alékmasé yapmékt ek. Geotekni k m¢ghendi
kendi me t amam, ben bu alanda -aléxkmak istiy
istiyorum dredla mhaZA®&ml2adyéjlém bitirme ©°devinde
i-in hocam beni tekvi k etti ve bemMagat akmnam e §
¥zayidleem kesi kmesinin °nemli bir Kans olpduj un
takéyor um.

Ar akt ér ma gerevlisi ol dukt an sonr a da A
hocamdan aldéjém katkéeyé ve her zaman - al éxkm

unut amayez.

Xi



Ne zaman bakéméz sékeksak, yadneeabhbiyurpnob
probl emi mizi sakince anlatmamézé s°yler. ¢o
(m¢hendi sin kal emi k©]j édé hazeér ol maleée der)
diye sozgme vg°nrnélik kat kél aréné yapar. Hoc
-%z¢é¢lmegkt ¢gr ya da -°2z¢m y°ntemine y°neli k bi

niversitede bul unma nedeni®mirzitn m° faallii k
t ¢l

1
1
Yyeérét el mesi ol dlujgwrn wmylaar aamxmn évmayeé seven,
olan ve etrafeéndaki i nsanl ar én sevgisini ve
birlikte y¢regtebilmesi, -ok dikkapl kaxeér i yéck
¢tal ékma hayatéméz s¢resince destejini vV e
ki kil i7ji il e hayateée al gé&leaardadna viei z-|ael réexdnaxasakr
binlerce kez tekekk¢r edumor ve sonsuz Kg¢gkra
Ky i ki varséenéez ve bizimlesiniz.
Do - . Dr . Havvanur
Geotekni k Anabilim Dal
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THE TRICHOTOMY OF CI VIL ENGINEERING

Raymond J. Krizek*

Thank you very much for the opportunity to share with you this afternoonmy thoughtson
the profession of engineeringin generaland civil engneeringin p ar t i cfram ther b
perspectiveof havingbeena "player"in the field for half a century. My planis to
discussbriefly the role of an engineerand some of the problemswith the currentstatusand
perceptionof engineersin society. This will be followed by some major examplesof how
engineers have contributed to our qualty of lfe and a few of the engineering
challengesthat 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 engineeran
invaluable assein the global marketplace. Finally, we will take a generallook at how
engineeringeducationcan be enriched and broadenedto produce graduatesthat are better
preparedo function in a rapidly changingglobal economy.

Let me begin by stating unequivocallythat I am most proud to have spent my careerasa
civil engineeringprofessorand consultant However, while truly blessed beyond any
measurel could have anticipaed 50 yearsago, | have always beensomewhat saddenedby
the lack of understanding and esteem accorded engineers — and especially civil

engineers— relative to many other professions.Despitethe many major contributions
engineershave made to our way of life, the generalpublic neither knows nor appreciateshe
value and impact of these contributions; perhapseven more disturbing is the fact that many
engineeringaccomplishmentareattributedto someother 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 onethird of those polled responded by saying that an engineeris
someonewho operatesa train. Anotheronefifth or so statedthat an engineeris someone
who functions as the supervisorof a building. Hence, about onehalf of those surveyed
defined an engineeras either a train operator or a building supervisor Just ponder for a
momentwhat this saysabout the regardin which the efforts of engineersare understoodnd
valuedby their neighborsNotwithstanding althat engineergave contributedto the betterment
of the world, most people know precious little abbwhat theyd o aid thereforesociety
does not appreciategheir role. Thisis my motivationfor choosingto sharewith you today
some of my thoughts about the role of engineersin societyb with an emphasison civil
engineers.

Let me begin with my answe to the survey questionand then paraphrasa statemenby von
Karmanto distinguishbetween engineeringand science. Isuggestto you that "An engineer
is one who applies the principles of science and mathematicsto producefacilities and

1 Prof, Northwestern UniversityDepartment of Civil and Environmental Engineerirjgrizek@northwestern.edu
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gererate productsfor the benefit of man”; to this technical definition must be addedthe
constraintsthat the processand product must be economicallyfeasibleand sociallyacceptable.
To distinguish between science and engineering, von Kannan stated thatscience
encompasses man's questto understandnature as it exists, whereas
engineeringchallengesman to create what never was. Carried to its idealistic extreme,
scientists and mathematicianswould unlock the secrets of nature and advance our
undersanding of mathematicalconcepts and operations without being burdenedby the
challenge ofleterminingsome practicalapplicationfor the resultsof their labors, and engineers
would then apply their resultsselectivelyand judiciouslywithin prevailing constraintsto create
specific productsand facilities to enhancethe welfare of man. But theways of the world are
not so idealistic, and many of our advancementsand indeed probablynost of our major
advancements, evolve from synergistic interactions amorg individuals from different
disciplines Within the context of the foregoing characterizatiolet us now review briefly
what | believeto be the three fundamental rolesf an engineer,and hencethe basisfor word
"trichotomy"in the title, followed by a few of the major accomplishments oéngineers 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 desigr@mstruct 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 prc¢
fundamental role reflestto 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 adhensiate 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 cq@mementary 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 complicategdrablems; this is

not meant to imply that solutions to classical problems vasgthless 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 sciencas well as mathematics.

A third fundamental role of the engineer is to contribute technical expertise and engineering
judgment to the decisiemaking process. These are the decision makers, and they address long
term objectives and the meansdttain 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 muiltion or multi-billion dollar technolgy based
decisions that are frequently made. Notwithstanding the fact that there are about 10 milion
engineers in the world compared to about one millon lawyers, lawyers are much more
prevalent in decisiemaking bodies. Unfortunately, ardge 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 state legislatures. For the greater good of society, engineers must
become more involved in the decisiotakng process and exercise more influence on issues
within their realm of expertise, because the world is run by those whoslpw b and engi
usually do not showp at the decisicmaking sessions.

Although the foregoing three roles are certainly desgg 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 constute 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 stroaglglated 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 contribut i atatulyingoreng:i
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 -7@nyears
increase of 31 years. Great, many of you areabhiygtihinking, 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 andepth study indicates that 20 years of thisy8ar

increase is dueot clean water and improved sanitatitn an engineering ac
However, not withstanding this noteworthy mil
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 -hatsen 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 aneth order of magnitude increase to about 500 mph. All of this
was accomplished in little more than a <cen
advancements. How long do you think it will take engineers to make the nextodnmegnitude

leap b 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.

Il n the short span of 66 yteiammes tb €l negsisn etehrasn tao
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 tramed 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 satdites in orbit (namely, nature as it exists). To make space journeys a reality, engineers
had to develop engines with sufficient t hr u
control the flights, and heat resistant tile to enable reentry thrinegbarth's atmosphere (that is,
products that never were). These and many related engineering achievements are the backbone ot
our space program and the many benefits derived therefrom (creation of waalth). an
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interesting sidebar to illustrate the gatf 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 obthputer 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 boddings 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 o
replacing knee and hip jointsye electrification networks servicing virtually all major cities of the
worl d, t he Chunnel connecting France and En
brought to fruition by engineers.

From time to time over the past few decades the termetegsengineering” 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 engineetgave been doing "systems engineering” since the inception of our
profession. Let s |l ook briefly at two major
contribution of civil engineers to society is the design, construction, and maintenaneebaiitth
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 statiatch 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 enginering disciplines. All of these facilities involve "creating something that never
was" , and all of them combine to support an:
day. Although generally taken for granted, as is good health, what would dpestfg of our life

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

of all the challenges that lie on the hori zc
the granddaddy of all systems engineering problemsi s sustainability b €
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 d 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 produciitie. 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 sustainapilih 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 synergisticallyaleate the efficacy of various
alternatives and influence decision- makers
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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 indefiite 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
engneering 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 numbpeaple 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 te 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 pratdentt

actually known and cannot yet be defined. However, onefactiscertamoci et y wi | |
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 hast&blished 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 wil not be
sufficient for the next generation. The engineer in the twinstycentury must not be satisfied

with or limited by his twentieth century role.

At this point | would like to digress from the many physical accomplishments of engineers and
focus attation 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 engineamthgsrai logical and analytical
thought process often termed the scientific met ho
individuals educated as engineers have found fruitful careers in a variety of other disciplines, such
as law, business, journalism, medicine, and economics. Engineers always rdiighvarhonesty

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 expediendy 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 tradéfs suggested by cebenefit analyses.  Asdditional 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 qualitiesadviously present in certain individuals from
virtually any discipline, but | 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 | have made, | 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 professiad there is no better testimony to
the role of engineering in society than the following words of Herbert C. Hoover -fitstty
President of the United States and himself an engineer.

"It is a great profession. There is the fascination of watchiiggr@ent 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. Thatthe 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 theegiilee 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 anpehthat 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, gisaare 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 ith€r 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 profassis 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 engineeringeimlives. 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 historicappetives, albeit perspectives often

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

|l et s review briefly some of tstatesqldoatheUnited t h a
States. Unless you havedpekeeping 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 commaaityd n o't
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-agrarian joB, 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 isfarce that will impact strongly the "way we do business".

In a more general vein, this globalization trend affects all U.S. engineering fioh®nly civil
engineering firms. A recent National Academy of Engineering publication erfit@dg Above

the Gathering Storm identified a number of worrisome trends linked to globalization and foreign
competition. Given below are a few:

1 The U.S. trade balance in higlechnology manufactured goods shifted from a positive $33
billion in 1990 to a negative $24llltin in 2004.

1 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.Swelfth graders recently performed below the international

average in mathematics and science.

= =4

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

report entitledRising Above the Gathering Storm Rapidly Approacimg 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 o u r under pinnings of a succe
context.

1 Increase America's talent pool by vastly improvinglX science and mathematics

education.

Sustain and strengthen the nation's traditional commitment tetéongbasic 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.

1 Ensure that the UniteStates 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.

T
T

Al t hough we in the U.S. ar e pr dakea lobkoat acseriess i d e
of current rankings in various categories.

# 6 in global imlovatiofibased competitiveness

#11 in the fraction of 284 year olds that have graduated from high school

#16 in college completion rate

#22 in broadband Internet asse

#24 in life expectancy at birth

#27 among developed nations in the proportion of college students receiving degrees in
science or engineering

1 #48 in quality of K12 mathematics and science education

= =4 48 -4 -4
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Looking at a still broader perspective, a recarticle 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 orddrsnagnitude 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 nexe@S wvill 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 soame 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 conbat 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 ordenf-magnitude higher than many foreign civil engirseeith 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 mmot or s 1 because only the |
survive.

However, this is a problem in today's society, because innovation and creativity usually require
research investments that lead to keegn (often times, next generation) paybacks, and armajo
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 alisect 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
resutof a crisis or necessity T and not a str at
series of makehift solutions for today.

The economic growth of the U.S. over the past two centuries has been possible only because of
the continual developmeé and advancement of technology and new knowledge, which has grown
from the seed of researeheither fundamental or basic research and missidriven 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 drivésriongrowth, and,

despite "tough times financially", it cannot be eliminated or minichimeour 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 i nnowmeet?i on
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.
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With this thought in mind, let's turaur attention to growing engineers from students and see
what the foregoing suggests for the future with respect to engineering education. This is a topic

t hat has been under discussion for the 50 vye
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 "systemgireeering” 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 proceéewith this awesome challenge.

Predicting the future is very risky, and there are many historical examples that suggest caution
when attempting to do seven the nearerm future. As one example, consider the following
editorial in the New York Times ddecember 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 efcg=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 sti@aynwhen
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 éegsocial).

As a starting point, let's identify the characteristics and abilities that are desired in young
civil engineers in the twentfirst century or even in the next decade. The following list was
outlined by Eli Fromm of Drexel University in a teice entitledThe Changing Engineering
Education Paradignto the National Academy of Engineering on October 6,

2002:
1 A strong foundation in basic sciences, mathematics, and engineering fundamentals
1 A capacity to apply these fundamentals to a variety ablpms
1 Knowledge and experience in experimental methods
1 Knowledge and skills in the fundamentals of engineering practice
1 Advanced knowledge ottected professiondgvel techologies
1 Strong oral and written communication skills
1 A sense of corporate anddiess basics
1 A sense of social, ethical, political, and human responsibility
1 A historical and societal perspective of the impact of technology
1 A unifying and interdisciplinary broad view
1 A culture for lifelong learning
1 A creative and intellectual spirit
1 A capacity for critical judgment
1 Enthusiasm for learning

11



Prof. Dr. Kutay¥ ZAYDI N Onuruna Geotekni kte Gelikmeler ve Deneyi mle

Symposium on Developments and Experiences in Geotecimich onour of Pr of . Dr . Kutay ¥ZAYD
02 Haziran 2014, Yél déz Teknik | niversitesi, Kstanbul
July 2, 2014, Y g,lilsthebal Tec hni cal Uni versit

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
understanithg 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 realismeafworld students in a
reasonable time frame. In a perfect world a single individual would combine the essential
elements of the practitioner, decisormk er , and researcher into a
will always be some who are gifted withtheetait t o do so 1T but the d
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 grapand 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 derse 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 th

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 theykead 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 fassentially the past half a century; this list includes:

1 How can we better explain what engineers do to prospective students and the
general populace?

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

challenges and excitementtbe 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 deepappreciation for social responsibility and

professional ethics?

1 How can we achieve all of the above without extending the time frame (rather than
reducing it)?

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

Yes, despge 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 askeled tho
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 | ar ger lemgeatestar ger
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 teack shiler 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 beyoled, 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.

1 Every indication suggests that the graduate of toowormust receive a more
holistic education and be more of a generalist. There must be more emphasis on the
"big pictureo 1T |l ess concern wandnoret he i n
concern with the "system".

1 Hence, the undergraduate curriculum \iive to be configured to give increased
emphasis to:

0 Synthesis of concepts

Critical thinking 1T getting to the hea

Teamwork in a multidisciplinary setting

Understanding realorld problems

Effective communication when dealing with ambigutyd complexity

T There wildl be fewer S pecibased cowskts ando ur s e s
flexibility will be mandatory.

1 Regardless of the style or the trend away from specialization, the fundamentals
cannot be ignored, because they comprise the basigritical thinking and
synthesisas well as future career development.

1 1t will be increasingly important to cultivate a way of thinkingather than a mastery
of facts. Emphasis will be placed on developing skills rather than only teaching what
is already known.

1 The sharp lines between disciplines and courses will be diminished, and team
projects will replace monologue instruction, to some degree.

1 There will be increased pressure on science and engineering majors to become
"better rounded” in the artsnd humanities, and the reverse will be true in the
humanities to overcome technical iliteracy, because "technical iliteracy” in the
world of tomorrow will prove to be a far greater handicap than it was in the world
of yesterday.

1 When assembling an engarérg 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.

1 To enhance the stat of our profession, the BS degree should be recognized as an
"entry" degree and the MS should be accepted as a "professional” degree.

o O OO
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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 sométhe ones given. To be sure, this list is rather idealized and

it should be clear that not all universites wil or should T incorporate
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 cugula 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 #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 model 0 s.blTeen e$earths factitp compoeentswould ben t
essentially the same as that currently in place at virtually all reeseartkd
universities, except that it would be about 10% to 15% fewer in number (depending on
the size of thedculty). 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 enimpon
would be tenurgérack 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 pragaryy, 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 cagrsthat 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 in&st 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 resealt faculty. The third group of faculty would be Atamured 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 impmlant
functions that most "regular faculty" do not fulfill adequately; first, they would bring real
world problems and experiences into the educational progransyatihesize 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 sHibtle support for such a concept, it

is often foundde factoin many departments on a quasirmanent "temporary” basis.

In summary, the challenges to develop an educational experience that will
adequately prepare the civil engineeringdsint 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 calteze wisdom dictates in the near futire a n d | eave
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 DEVELOPMENTYS)

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

ABSTRACT

Forty years ago, the fnavailable methods for improving poor foundation soils were excavation
and replacement, displacement tigsting, chemical grouting, vibrofloation, sand drains, and
electrecosmosis However,most of these techniques were only appiredpecial circumsinces
Among the recent developments in soil improvement are PV drains, lime columns, dynamic
compaction, and pile supported embankment®e paperdescribes the early history of these
relatively newer techniques using the results of some case studibglnthe author was directly
involved. The pile supported embankment case also involved one of the first uses of
reinforcement with geosynthetis Some ecent developmest using these techniques are
described andegstinent references are also given.

Keywords: Soil improvement PV drains, lime olumns, dynamic compactiomile supported
embankmentsgeosynthetic reinforcement

1. INTRODUCTION

In the good old days, when | student in the 1950s and 60s, there were only a few possible
alternates to dp 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 tfudt styuctures. 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 ysedr f oundat i ons, unl ess it
jackingo) and ot her S p e c togmosiszwasl occagionally aused ton s .
stabilize unstable slopes, typically for emergency situations.

If the problem soils were relativeallow, 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 structurdaday, we have many soil improvement methods
that the pudent foundation engineer should consierlternates to driven piles or drilled shafts:

A Reduced streqgightweight fill, EPS foam, etc.)

1 Professor Emeritug/niversity of WashingtonSeattle, WA, USA, holtz@uw.edu
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A Removalireplacemen{several methods available for removal and replacement with
compacted granular materials)
A Increase strength/reduce compressibility (17)
T consolidation of soft soils (3)
T chemical stabilization (5) + thermal, electrical
T physical stabilization/densification (7)
A Reinforcing (6)

Which of these methods is the most appropriate and feasible dependssef@ouhe anticipated
loads and soil condition at the site.

These major classes of soil improvement methods were usétblty; 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 dok back atfour methods that | have callédr e | a t i;thatlisythey leaveo
been developed since the late 196ady 1970s. They are:

PV drains

Lime columns

Dynamic compaction

Pile supported embankments

PonNPE

These four methods were selected because | had some direct association and experience with
them during their early development, either in practice or as arreséae r . I 61 I t he
some recentevelopmerd with thesefour techniques and discuss thenm terms ofsomethe

lessons learned fromy earlyexperiences with these methods

2. SAND AND PV DRAINS

For sites with deep deposits of soft clayselgading 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 instabilitymay 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 palasgéct 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 (1920s1930s); sand drains and th&jellman 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. Ththeory 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 excelpnan IDM8aand t he
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 devel@idtie Swedish Geotechnical Institute (SGI) for
installation of Kjellman paper drains. Figure 4 shows Kfellman drairs beinginstallaed at

Hal msj ° n,ca. $ceod £947. Also shown in the photos is Prof. Karl Terzaghi (in the
beret) who was a cultant 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 Gecaéchn
Institute, as it was known then.
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Figure 3. Early equipment defoped 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 | started working at the SGI in 10, | was surprised to learn that after those early uses
described above, th€jellman 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 toPieux 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 iotdeatvthat time
were sand drains.
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a)

Figure 4.Kjellman paper drain installatiomearH a | ms j °© n ca. 1946ed1847., Prof. Karl
Terzaghi (in the beret) visited the site asansultant; 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 fa propbet Mav eng mp
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 natiohglhway 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
current international aigat 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.

i 4 Halmsjon

Slpmlrﬁ/:/;}\
VAXHOLM o~

OCKHOLM

VAsTERuANINGE

M,Oﬁ%”d "
Figure 5. Map showing tEdeby, aseval s their relaiontot Ha l
Stockholm and its suburbs in the 1950s.
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22.Sand Dr ai n s-Edeay @lesttFibla(195460: 1970-72)

In planning for a new airport for Stockholm, tBevedish Geotechnical Institugstablished a test

field at one of the proposed sites near the villag& &fEdebyabout 25 km west of the city
(Figure 5). Although there was sufficient land am@ad major international airport, the site was
underlain with 1612 m of soft glacial and posfiacial clays, and experience with even low
embankments on those types of soils suggested that undesirable settlements would likely occur
under the runways andaxiways. As noted in the Introduction, procedures available for
improvement of soft clays were limited, and preloading with saamsivas 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 drainas a control sectignand appropriatenstrumentation(settlement

gages, piezometers, and inclinometers) wasalled under all four tesfills. 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)

Figure 6. (a) Plan of th& k-BEdebytest 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 tsiement and piezometer measurements, but no detailed analysis of
sand drain performance was performed until late 1970 when Dr. Bengt Broms, director of the
SGl at that time, suggested that this might be an interesting project doamaeof 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 @®atiV 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. Thusew sampling and laboratory testingere 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 anmyseshe traditional
Terzaghi andhe Hansbo (1960) consolidation settlement analyses. Additional observations were
made of the drained areas, and the secondary compression behavior of Area Ill, which had been
unloaded in 1962, was investigated.
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Figure 7 shows some results from testaravith 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 argagn by Holtz and Broms (1972).
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Figure 7. Settlement and pore pressure performance of Test Area | 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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Figure 8. (a) Settlement and poré pressure perférmance of Test Area IV; (b) piezometric profiles
under Area IV in 1970 (Holtz and Broms, 1972)

Because there was some controversy about the effeasgnd drains (e.g., Casagrande and
Poulos, 1969), wexeavaed about 2.5 m of gravel fill and clay crustArea |to expose two

sand drains (Figure 9). We took detailed water content and strength measurements adjacent to
the drains in an attempt toteéet the disturbed zone surrounding the drains. We foundfiiadd
fractures extending out from the drain, apparently caused by hydraulic fracturing during
installation. These fractures had greatly increased the effective diameter of the drainsedoyd the
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 | with 0&msplacing (Holtz
and Holm, 1973).
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2.3 Prefabricated Vertical (Geocomposite) Drains (PI¥) and the Geodrain, 1972

The first modermrefabricated vertical geocomposite drain (PWis theGeodrain developed

in 1972, by O. Wager of the Swedish Geotechritstitute. 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 gealrain was to reduce the pore water pressures caused by driving piling. Figure 1lais 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 ofaiheirdlicating 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 maket. Because of competition, their cost has significantly decreased, and at the same
time, contractors have developed rapid and efficient inStadlgprocedures. Consequently, with

rare exceptions, all types of sand drains areially obsolete todafHoltz 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).

Figure 10. Two drains invented by @/ager: (a) the Geodrain (1972), and (b) the Alidrain
(1975)

Figure 11. (a)0. Wager with his Geodrain attached to a timber pile; (b) an already driven pile
with the geodrain and celtted 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 (1994 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 w&sll 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 ismportant to remember that for a successful PV drainage project:

High quality ste investigation and lalvatorytestsareessential

Consider a full scale test embankmezgpecially for larger projects

Instrumentatiod piezometers (well calibratedyettement gages, inclinometer$ also
essential

Contractual authority to control the contracioalso essentiako avoid failures due to
surcharges

Consider vacuum preloadirand surcharging (see Holtz and Wager, 1975; Holtz et al.,
1989 and 2001).

o Do Do Do P>

3. LIME 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 rfimadway 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 esgch and development of lime columns that | 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, buixing in the field was another matter. The Swedish companies
BPA Byggpr odukt i-Aimak ABBworked avith IPaus th ®evelop equipment for
installing |ime columns by what iis now known
abletoinstdl | i me columns 0.5 m in diameter up to
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 aske8@®i for help. After some

study of the limited laboratory data and field experience then available, Bengt Broms and | soon
realized that lime columns were uneconomical in comparison with @ilhgy wouldneverbe

able to compete is terms of cost/lenfjthd 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 i
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 fomgeshe first alternate application, a loading test
was designed and carried out at $hé&-EdebyTest Field(Figures 5 and 6) in December 1972.
Figures12 ad are photographs | took that day of the first installation of lime columns. The
columns were & 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.

Figure 12. First i ns-Edeby test fieldoDecembér 1972)@tarting o | u
drilling; (b) closeup of installation equipment; (a)earing the top of the hole; (dhe
completed column with the special mixing tool visible at the bottom of the equipment.
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Injection of
unslaked lime
A

( TAL_L

\

0.5 or 0.6 m—

FE

installed lime column.

Figure 13. Schematic of tmixing tool. Figure 14. Top of the

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 appliecsrbglla
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 okbshéssettlement
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.

b)

541DAYS
737DAYS

wn

AREA

Figure 15. (a) Some of the
precision e .
instrumentatbn  for DEPTH (m)
settlement
measurements; (b)
settlement of the test
embankments.

SETTLEMENT, cm {12

At the 10" International conference on Soil Mechanics and Foundation Engineering, a newer lime
column machia 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 16¢ shows two previously installed lime columnsercavation. 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 applicati@o,increase the stability of excavations and slopes, is not
very feasible.

a) b)

Figure 16. (a) Installation machine able to install ime columns 0.6 m in diameter to a depth of 10
m; (b) small cut stabilized with three rowslime columns; (c) excavation next to two
previously installed lime columns.

Subsequentesearcton lime columns at the SGI has demonstrated the efficacy of the addition of
other additives to the lime, e.g., Portlarehment fly ash, etc., especialiwhen 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 cohs have been developed by Bengt Broms
and his colleagues, and these are summarized by Holtz (1989). Primary uses for lime columns in
Sweden has beeto reduce the bump at the end of bridgaad to reface pile supported
embankmentswhich although relately inexpensive in Sweden, using lime colustabilized
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
met hods use t he i we tandfe teimentdsintraducedvntoithe subsbillaga | i
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 theKansai Airport in Osaka harbor. Another very successful application was for
the Boston Central Artergrossing thd=our Point Channdilled with the famous soft Boston blue

clay. When highway-IL5 was reconstructed Salt Lake City, Utah lime columnsproved to be
unsuccessfulthey 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 th&wedish Deep Stabilization Research Cerdtethe Swedish Geotechnical
Institute inL i n k 9 Pwedeg. 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 agties and publications.

4. DYNAM IC COMPACTION

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 té stabilization of hydraulic fills at the Franklin Falls Dam in New Hampshire in
19356 (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,-6935

In the mid1960s,Bob Lukasof STS Consultantéhn Chicagocompacted rubble fills and other
loose deposits by what he caliéh o u nodHe finsgusedh wrecking balbut san realized that a

flat bottom weight was more effective. In tlate 1960r early 1970s|ouis Menard in France
developed and patented what he termied y n a mi ¢ c. rBeverdl sudcadssful prajects
were carried out in Europ@Menard and Broisel975), although it soon became apparent that

Me n a rmethad was really compaction,e., densificationand volume chancelue to
rearrangement of soil particles, rather than consolidation due to expulsion of excess pore water.
When theMenardcompany expatedinto the US in 19747, 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

theseu s e s ,

and

even

further mor e,

he di

dnobt car €

Shortly after thisin 1979 | was involved with my Purdue colleague Prof. G. A. Leonards and
William Cutter, a geotechnical consultant, in a soil improvement projdadianapolis 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
p a tfistnttiakfield tesutwas h e
performed with a concretidled steel box with a mass of about 4100 kg and dropped 9 m with an
ordinary construction crane in a simple thd¥ep point pattern. Figure 18 shows the initial drop
pattern, location of CPTs, andetlincrease 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 alongevith thre
photographs of the test drops, and Figure 20 indicates the degree of improvement before and after

contractor

compaction.

TrialNo. 1

about

Menar dos

= -4

DROP PONT ¥
(7 OROPS)

DROP PONT #3
(5 OROPS)

el

® BEFORE COMFRCTION

O AFTER COMFECTION

OROP PFOINT %2
« {7 DROPS)

45 TONS
30" OROP

i

ELEVATION (FT)

q, CONE, (KG/CM)

670

£, 3 A .5 3 7

NUMEER OF (FOPS

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. TriaNo. 2: Drop pattern and three photographs of the test drops.
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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 layaexy 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 raanface sands. Thus contractors usually fill the craters and
the surfae 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 detailad 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, = v/ Wh. We found however that a better fit of the available
data in Figue 21 including our own indicated that the relationship shoul bei; VvWh, Mayne
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et al. (1984) collected more case histories that they showed that the expomdnt= (Wh)’
ranges from 0.3 to 0.8, so 0.5 is a good average value (Figure 22).
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Figure 21. Depth of influence of dynamic compaction as a function of the energy/drop.
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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 appliftetdegree of improvement. The

data at that time suggested that a maximum degree of improvement that could be expected is a
CPT qg. about 150 MPa. As discussed lbyonards, Cutter, and Holtz (1980), so many variables
affect both dynamic compaction and TReasurements 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.

AVERAGE CONE PENETRATION RESISTANCE
IN ZONE OF MAXIMUM DENSIFICATION, q, (KG/CM2 )
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Figure 23. Average conpenetration resistance vs. a measure of the energy applied to the
compacted site.
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Figure 24. Cone penetration resistance vs. applied energy/area (Mayne, Jones, and Dumas,
1984).

Since the early 1980s, not much has changed in dynamic compactotractors 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 whabave 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.

Table 1. {pper bound test values after dynamic compaction.®

Maximum Test Value

Standard Penetration Static Cone Tip Pressuremeter |

Resistance Resistance Limit Pressure

Soil Type {blows / 300 mm) (MPa) (MPa)
Pervious coarse-grained soil:

sands & gravels 40 - 50 19-29 1.9-24
Semipervious soil:

sandy silts 34-45 13-17 14-19

silts & clayey silts 25-35 10-13 1.0-14
Partially saturated impervious
deposits:

clay fill & mine spoil 30 - 40* N/A 1.4-19
Landfiils 20 - 40* N/A 05-1.0

*Higher test values may occur due to large particles in the soil mass.

5. PILE-SUPPORTED EMBANKMENT S
(WITH GEOTEXT ILE REINFORCEMENT)

It is interesting that pilsupported embankments constructed on soft foundations have only been
recently discovereimor e correctl vy, redi scovered in th
have been used in Scandinavia sitiee 1920s for support ahilway embankments. suspect it

was not long after before the same technique was also used for highway and oth&memiban

fills. By the 196070s, pilesupported 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.

| - 2m
a=1.6m

syRrpehtion wisasde projekterad ukiormalng
&% banxplinitgen.

Fig 7.

Figure 25. Cressection of two pilesupported highway embankmeimsSweden (Andreasson,
1975)
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Figure 26. Crossections from a case history of a slgpported highway embankment in
Sweden, as reported by Andreasson (1975).

As seen in Figure 25 and 26, the uswal 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 pilepile cap systen together.

| first got involved in pilesupported embankments in 198%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 undergpemach 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 horizontalckes with three layers of an industrial grade 100

g/n? multiflament 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 Massans(l976 and 1993) for additional details about this case
history.
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Figure 28. Photographs of the completed project in 1972.

In 2001, the highwaywasrebuilt and a sanlp of the reinforcing textile was retrieveahd

tested. The results of these tests were reportedHayneyand Holtz (2006) When pile
supported embankments began to be employed in the US, the technology was called
ficolumn supported embankmemt&CSE) beause the columns can be pildime-cement
columns or other types of columns (e.g., vibeplacement, stone, geotextdacased,
vibro-concrete, etc.) This is one of the advantages of CSE, that any pile or column type
may be used. The main objectivetds 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 method&advantagesnclude high

initial costs and that designetihods are not standardized.
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The USFWHA (2006) has developediteria for successfuCSE projects
1 Clear spans between columns <3 m
T A minimum of three layers of geosynthetic reinforcement in the load transfer
platform(LTP)
Spacing between reinforcemdayers is 200450mm
The initial strain in the reinforcement is limited to 5%
Select granular fill with driction angle>  3sfused in the LTP
Platform thickness&i t he cl ear span between col u
Columns aralesigned to carry full embankment load
Embankment height > clear span between columns
Area replacement ratio (Ac/A3 between 220%

= =4 =4 -4 -4 -8 -4

A short description of CSE technology can be found in FR&VA Resource Center,

Geotech & Hydraulics @ampublication:
http://www.fhwa.dot.gov/resourcecentedms/geotech/geo_3PSE.pdf

For more information, see FHWA (2006).

6. CLOSING REMARKS

This paper describes personal experiences svithme i e a r-19%308) de{elopntritss
in soil improvemerd mostly, but not all, at the Swedish Geotechnical In&ituThey
included

PV drains

Lime columns

Dynamic compaction

Pile supported embankments

To T To o

In addition,some modest updatimgf recent developments in these technologies has been
provided.

Finally, | congratula¢ ProfessorKutay ¥ z a y wponnhis retiement. Both of us were
students of Professor Raymond Krizek and proud graduates of Northwestern University.
From the presentations at the honorampsosiumat Yildiz Technical University, Istaniul

July 2, 2014, it is clear that during his long and picitve careerProfessor¥ z a yhés n
made many significant contributions to geotechnical engineering, both in Turkey and
internationally. His many honors are well deserved, and | am pleased to provide this small
contribution to his honorary symposium.
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DEPREMDE YAPI i KAZIK i ZEMKN ETKKKEKKMK
PRATKK BKR Y¥NTEM

A PRACTICAL METHOD FOR STRUCTURHE PILET SOIL
INTERACTION UNDER SESMIC ACTION

M. Nur ay A YU Btkd CELEP? Gokt ¢r’k ¥NEM

¥ZET

l styapeée nilteekzebmirniortak sistem olarak sonl u
t aban kayaseéenda tanémlanan depr embDirekt et ki s
(Doj rudam)deéeYoAdtrtegh isrt.@neis&k®anztéeknmiiar | a birl i kt e
.Sté&yapyr e ayr é birer aUygusammdaol al B ki smoe
-er-evesinde iimammakt i eve ke llka whisarkz Imollrak ékit k i | e K
akamada inc&gkzehmekt edikkazékl é t e mel Ssistem
kazed&hanonlineer dinamik davrBanékad élkaraa@amé n dz
kazyekpé sistemlerinin pratik anali zi i -1 n

verilerin Ezeminn vet Kialzeki mi model | emeéeher i nd:e
basit bir nonlineer dinamik etkilekim anal/.
Anaht ar sKiznceinkalteirk: et ki | eki, mkaaglke s it zelmek | e

davr anéck

ABSTRACT

The soistructure system may be analysed as a single comnstensythroughDirect
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 Methodn practice substructure method is lempented in two stages, namely
kinematic interactiorand 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 isoposed for structurpile-soil systems, which can be
modeled by standard geotechnical parameters.

Prof. Dr., BojJazi-i i ni ver sit easiEnskKtaintdg d ¢ ,i DReapsraetnm aMiéehs.i  Brel ¢Precp r eeynd
2Dr . M¢h., GeoDynami x Geotekni kdynhrabscacmn ém ve Danékmanl ék, cel epu@gec
SDr . M¢h., 2ER M¢kavirlik A.k., gokturkonem@2er.com. tr
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Keywords: Kinematic interaction inertial interaction piled fpoundations, nonlinear
response.

1. GKRKk: DEPREKEEBENYBPKKLEKKMK

M¢hendygui Bmal aré a-éséndan bakél déejénda,
meml ekett e -zdeimmianmi &t kyialpeék i mi genellikle yanl
ol ayEltékri.lkeakrikng, | & & in€ k teit rk.i k Tomr &kilaie © #hiecekdsz. KBu

anlamé& yzag@min et ki likdi igiP md @y igruyeau yani zemini
karkéel éejéenda yapeéneéen da zemini wydulenatae me s i n
genel |l i kl @l areakk yZennrhi¢ghin yapéyé etkil emesi Q
izere, °n plana -ékareleéer.

Yage& min etkilekiminin dojr

et ki ] ediepirem et ki si alteéend

temelinin ve ejer varsad&ag®ekdmagrea, allémndéj
-er-evesi ndemi nyapedeweem sérasénda birbirl
olarak tamebhdmmanlkdydsénda tanémlanan deprem
ortameé i-inde vyayalkarnakdeyampan tdarmaglail mea éu K ¢
yanséyarak zemin ortaména geri d°nerl er, bi
a-arlar ve bu kez ¢(styapédan yanséyarak te
daha yakéndannbakdalaegm@nén Zgmomet ri k, me k ani
Kukkusuz ¢ SsStyapéya aktareéelan deprem dal gal
geometrik, mekani k ve dinamik ©°zellikleri
etkieyerek taban kaggé ndan gel en deprem dalgal aréene d
ve zeminde meydana gelen bu kar yaipeinl é et
et ki Idgokugz.inst yapénén ve zeminin nonl-zemaer da

u ve Yeakzemirk si z I
a (i) zemin ort

€
e

et kilemgieim, ddl gal ar éné dejikime ujratmaneén
mekani k ©°zelliklerini de etkiler ve bu dej
ayréeca etkiler. l'styape temelinin kazékl é
gelen ve yanséyan deprem dalgalaréenén dejiKk
de ©°nemli derecede deformasyona wujrarlar v
mekani k ©°©zelliklerini dejiktirirler

Bu - al emma&kda,§lazpset esml er i nin pratik analizi i
gel mik geoteknik Vzemilrerénkizlenk nmivemdkdelélke m
etkin ve nisbeten basit bir nonlineer dinam

2.YAPIi ZEMKENT KKLEKk KMK ANALKZ Y¥NTEMLERK

Yagg@emin etkilekimi genel o(Ayad&nokliuy?2®a9&)m

43



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Gelikmeler v

Symposium on Developments and Experiences in Geotecimich onour of Pr of . Dr . Kutay ¥ZA"
02 Haziran 2014,sitredidgzKdeamb&!l | ni ver
July 2, 2014, Yél déz Technical University, Il stanbul

21.Di rekt (DojrogOenakyYSnseem Y°ntemi)

l styape ile zeminin tek bir ortakrisidsitfjdm vee
t aban kayasénda tanéemlanan depr emDirekt et ki s |
(Dojrudam) aY%ntveem i | i r . Bu y°ntemde zemin
mekani k ©°zellikler il e inmohd i gee? ngiemimr ahéra
ortaménén sonsuzlujunu ifade gdebrigmék sieniem
transmitting boundaries adé verilen yapay sSséneér kokul I
yanséyarak ve ¢styapéedan ger.i ayYyeeaprk depme
dal gal aréeneéen, sonlu eleman modelinin seéenér|l
d°nmesi °nlenmik olur.

Direktod&é ntlemvvetl. yer hareket. altenda ge
gel ebilecek nonlring®ethyapestrtad sisein Kk h i zaenaen t a
alanénda analizi il e dojrudan el de edil ebi
génegmegzde her i K ortamdaki nonlineer ©°zell
m¢ hendi sl ij i laaréaské nkdwalnl apnréal taibki leecek yBaz él & ml
nedenl e akaAledsai sat- &ralkd teakieeknhie ] éna r aj men t el
Y°ntemin yaklakeéekl éej e, altsistem yakl akémeél
ge-er léeideaol mas

22Al t si stem Y°%°nt emi

Al t si st e&md¥° rktagmikl arl a birlikte zemin orta
ol ar ak model |l enir. Bu model | eme pratikt ek
uygulamada zemik a z € k altsistemi, ilfar kbéyapgamaal €lsi
m¢ hendisli k gruplarée taraféndan ayré ayreé n
edi |l ir. Ancak bu farkleée wuzmanléek gruplar énte
-al ékmal ar é gerapegemi n Be t lainll eekndmaia py@migcié Z a me
et ki d@ikdil.mhisi st edm d¥S nteesntiy ap &€ 1aemin salisisténenimi il e
arakesitindeki bina temeli ve ejer varsa bc
boyutlu sonsuz rijit birelman ol arak model |l enir. Génemegzde
olarak kull anél maseé, bodrum d°kemelerinin

el emaneé gi bi -al ékmal aré nedeni il e, sonsuz
bir &klkélakol arak dejerlendirilebilir.

Al t si st emerY-°envt eesikradze k z arhitrsi st emi nde, ej er

(t ak kol on, j et grout , vb) de g°z°n¢ne a
°czellikleri, temel égeemefersivavease&e&aegekkacka
°©zellikleriTednekK k et &k ¢dll ®@saregMmMopdreine dE&e&nmm&n
ge-irgekubEaeel ar.
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3. KKNEMATKK ETKKLEKKM VE EYLEMSKZL K
Altsistem modellemesiile,yga& e mi n di nami k et kil eki minin
@Kinemati k Etkilexkim

MEylemsizIlik Etkilexi mi

ol mak ¢zere 1iki késma ayrélmasé m¢gmkegn ol ma
ve yamén et kil exki mini-sne-kiakvranmmsaK é | odagasreagkdn & -a
esas al énarak, yine Whitman tajr-affdh@manY®ntke

adée verilen bi ({kzywhitmaneam Bielakdd80).! mi kt i r

Uygul ama +ail®kmpdat ? keghtehre oom tdaek, si stem yakl
aKaj eda ja-éehtdamamrrnteevmisi nde al t si s%zan lyiakkllea
zayeéef zeminler yégqzpertigmhe miigrzkla kedibli ¢ gyiaspagy ar ¢
k azzéekmi n et kil ekiminin ger-eklexktiril mesini

3.1. Kinematk Et ki | ekKi m

b Adém Y©°nt emi 6kniime maitrii&n ca b &d d eenxa imi . I b
ol ukt ur «klazzeekmhiermednal i z model i esas al énar ak
ile kaya olmasa bile Vs Qu76aGrm/ayehdarsifiiyke ta
kayaseérndaaeéml alepeem yey laateleete t ki si zamarmrndaném al a
nonlineer analiKirnyampa&ti €ek. EBkialaeriviez & &lri z iU\
kaynakt an taban kayaséedgkewl ad apr udetpurdeam yeat
dal gal aréeéndan ol uktuj u, dol ayéseéeyl a taban
hareketler meydana getirdiji varsayél makt ad

AKi nemat i k Etokniilne k4 @k tAen aalrieziol ar atkin temeli j i t
hareleti (effective foundation input motianni n b ¢t ¢n topldme x emp| ehiéze v
yerdejiktirmel er i nayzraégmaanyar €g %erled ed eejdiietkinml.e rH e s

temel hareketb i | ekenl er i, yatay i ki amaagrkseek doi
etraféendaki d° nme bilekenleridir. Bu har ek
ekseninin alténdaki nokt ada tanémlaneér | ar .
dojrultusunda ©°tel eme vV e ayne ethes ébmal et r af
edilebilir. Ki nemat ik et kilekim analizinde
ancak temelin k¢gtlesi dizlkekmahe aabh&emaz i Bur a

kokulu olarak dejerlendiriolnilrineder 2etiat U m#e & ¢
di nankonusunda uzman olalge ot ekni k nmghenkKukl amél an
yazél emenén gereklerine wuygun olarak sapta
modellerinin de, konusunda uzmara p € my¢, ht eanr dai frsirfestireeisn gerekir.

¥zellikle kazéekl ée temel sistemlerinde kKine
davranéké bakéméndan b¢gyeéek °nem takeéer. ¢ ok
d¢key kazék yapéel masé dut umb pzdaayked g &keent enli in o
deformasyonu takip edasbenardld | kadekt azeeni AzEkhE

45



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Gelikmeler v
Symposium on Developments and Experiences in Geotecimich onour of Pr of . Dr . Kutay ¥ZA"

02 Haziran 2014,sitredidgzKdeamb&!l | ni ver
July 2, 2014, Yél déz Technical University, Il stanbul

.stte temele bajlanté noktasénda akéré zor
(betonda genik -pthsakliar uzdmaat @cdaeakordabi
zeminlerdeki kazéekl é temellerde kazéklar én
esnek) se-ilmesi -0k °nemlidir. Ancak bu he

32Eyl emsi zIl i k Etkil exki mi

- Adém Yhikindveemi H-n¢gnciEyad cdanmlizrl @ kKolEakak exd Iman
Kkinciriajdiémdaemdaliirn mt yeramdendaat i rzemnkearz ék mpo
altsisteminin exkdejen -¢dnnoga miakké nmdepmaitisidf i e thleis

adéménda e étldne temel dhareketb i | exenl er i , c,Sstyapeée al
seviyesinde etki ettirilirEy | ems i z| ialkhaét ki ] egsmiapée temeld.

temel etkin yer hareketi bi |l ekenl erinin, yine t
tanémeaajaar di nami KWnei jkiatrlkiek grmdtmi syiay!l ar ér
(binaya) etki ettirilmesi ile yapélan ¢(stya
EylemsizIlik etkilexki mi analizinde, sonsuz

(bodrum kkigubke)bitlcenkenl er i de dikkate al eéena
ile birlikte bu k¢gtlelerin de g°z°n¢gne al én
doj al titrekim periyotlarée, S 0Nsuizoraniaj i t Z ¢
daha wuzun periyotlar olarak elde edilirler
c.Styapéya etkiyen deprem y¢kleri ve ¢styapé
verisinin, yani etkin tekeleéenyvmpletknl pkdms
zemin durumuna) oranla daha d¢kegk dejerler

4, KAZI KLl SKSTEMLER KC¢KN PRATKK BKR M
ANALKZ Y¥NTEMK ¥NERKSK

4 . 1. Ortak Si sNodimeerEta ki beemm Aheal i zi

Zemini kaz k yapé sistemlerinin pratik anali zi [
geotekni k veriligreimnzemikn | egi mazembhdel | emel e
ve nisbeten basit bir nonlineer dinamik et
akajedaki akamalardan olukmaktader:
@KazZze&min etkilekiminin uygulamada 40 yeél é
nonlineer py,tizveQZ vyaylarée ile modell enmesi,

() Taban kayasénda t anéml an aserbedtezmiminenorilineer et ki s
deprem analizi,

(c)Serbesze mi n anal i zinden el de edilen yatay top
-al éiwaryapl ar é& aracéléjeée ile kazeklara akt al
cSstyapé ile birzdma&kn et aorétna ka | samsémedkai naenrad & jzii k
yékl emesi analizi).
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Yukareda tanémlanan y°nt em, daha ©°nce a-cek
veya Ortak Sistem Y°ntemi adé verilen y°nte
(a) Kzuziérk et ki ligkiizeee@QnZ n yayl aré il e modell e
KazZz2z&min et kilekiminin model | enmesi i -1in u:
piy yayl ar é, eksenel davizanyéaky | @+ @ v rvee sekrstednr
davram@Keéeyaylarée yaygeéen oy ayaykl akruel Ukaanpes &radr
kil <50ikiRa) NMaslock(1970) Su seviyesi alténdaki kat ¢
(1975), Su seviyesi ¢ S Reese(d9¥X) i kkuam éi -k inl Rie-ei
di erl er i (1974)6nin statik vV e tekrarl é vy
mevcuttur. tzve QZ yaylaré 1 -in ise genelAPINSDe Amer
RP2A (2000y ° net mel i Jjinde tanémlanan nonlineer be
Tabakal & Serbest Zeminin Nonlineer Deprem

Taban kayaseénda

t a | anan deprem yer har ek
nonlineer deprem analigziuy gul am
7

em
da genellikle zemin bg¢ye¢
Schnabel, Lysmer v€ eed (19 )6 i1 k40 ay&lkémahmk emdhn
arték standardi ze di Ile (bkual yurmaa nmondo¢nl | ¢i nveee rt
s°n¢ m eosraasn €gd iéchearr eakk -geed ii tkltii ryid zenl éml anmdé a ni s

n
a
2
e

yapélabil mektedir. Bu anal i opampeanudejnidat i hee
ve i vme be¢gyekl ¢kl eri zaman taném al anénda e
(c)Di nami k Yerdeji ktirme Y¢kl emesi il e Ortak

Gelenekselbar ak yapé sistemlerinin dinamik depre

i vme s i esas al énar ak, bu ivmeye karké gel er
yapeésal yerdejiktir me, hez ve ivmeldainin
sistemde eylemsi zl ik kuvvetl eri toplam i vi
kuvvetl eri ise relatif héz ve yerdejiktir me

Ssisteme et kiivneet tyi grkid emeess mrei Iii r .

Nonlineerpreotbkd ielmdeirmnde i se b¢gtegn dinamik b
esas alénmasé wuygun ol maktader. Bu bajl amda
alténda tabakalé serbest zeminin nonlineer
yer dimnglanre adece basaneepy- ghgkanée aracéeée] e il
Bu i kyemdejii kKti omadg ,kleemésmekt edir . :styap
model |l enebiit eme] i ( k 8k a iwgrkin akak sigteipin Dé&n. ( 1) 6 d e
verilen artémsal hareket denkleminin zaman
de kazeklarda meydana gelen nonlineer Keki
dejikimleri elde edilir.

47



Prof. Dr. Kutay ¥ZAYDIN Onuruna Geoteknikte Gelikmeler v

Symposium on Developments and Experiences in Geotecimich onour of Pr of . Dr . Kutay ¥ZA"
02 Haziran 2014,sitredidgzKdeamb&!l | ni ver
July 2, 2014, Yél déz Technical University, Il stanbul
2Mss 0 0 fﬁ?ts,\ é@ss Csb 0 geqll;
€0 Mp, O fpul, { €C pe CHh€hp  Cp ﬂWL (1)
e [ SR Bt
g0 0 Moo #o T §0  Cpop  (Cppt Chp)HPp -
S’(ss Ksb 0 m;? ?,\O EA
+2Kbs (Koo Kbp) K pp E@tby = '110 iJ
° S t !
g0 Kb Kpp"'Kgpp)H:mPf/ iiépngugyT
Denk( 1) Mblg eCjveKijjsérasée ile k¢gtle, songm ve rij
indisleri ise, séraseée ile, ¢styah¥%=Kigemel,
altmatrisleri, heaalan et ad bee basigngapnim@inedmant
etmektedirU'yv ekt °r ¢ ise serbest zemin deprem ver.i
()
(b)
1 |
g
kpp kpg t
pvvww.lwqu%ug
)
kekil 1t. e meslt y(akpakzaézkéekimiam | @ f Eak si steminin K

4.2. AltsistemYa k| akeéemée (3 IAldé& m&Mé&nimaeeEMik)i | eki m Anal i

Yukame@&larmntasnk isi st emo ey &i il e i ent minlag Kizm ana
ayreéent éellar eAdvéeem i-Yeernteevneisi nde altsistem yakl
yapél mase da m¢gmkegndaryguBRr @t akabpak @mpakagme ta
ayréentelarée akajéeda verilmixktir:

(o]
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(a) 1. Adeéem: Kinemati k Etkil ekim

Yukar eda Kéeseéem 3,tdneld a zzbninlalisisteminihadalizi modelgezas r e
al enpam&ki aemet i k et k,zemmnivie &maaléikdiamdeean k¢t | e

al éneéer |, ancak temelin k¢t lzendniarakkesitibk knenatika |l € n m
Séneér kokulu o( kBehkhkBudha) dphétlcen zzénkinialtsisteminin
nonlineer davr arséké néarteeknesti |d eendkelne nair taéknaj € d a
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Bu analizin sonucunda, . Styapénén etkisi g°
alténda serbest zemin davranéké nedeni i1 e
varsanonl i neer Kekildejiktirmeler el de edilir
ol dujundan, deprem etkisinde kazeklarda ol
kaynakl aner . Analizin dijer ©°neml inacake&&kt és €,

Denk. (2) ve i k ek igleEkh@rdnéel Reprem Harekétid (Foundation
Input Motioni FIM).

t
. <o ()
g
kpp kpg i
|.NWW\..I\IW\I\I\.|%Ug
(p)
kekil 2. Kinemati k etkilekim mod
Serbest zemin deprem analizindene mi n tabakal ar é boyunca e
yer dreme lker e Dexn ka l(@Ro)@drmdke er st ati k -°9z¢meg i
plastik deformasyonlarén ve i- kuvvetl erin
Nonlineer anal i z i mkanl arénén keéseéetl é ol du
Aydenojlu vd (2000) taraféndan yapél mékt eéer
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(b) 2. AKaoigZkeTmemme |[Al t si steminin Nonlineer
Bu adémda, t e mel seviyesi nde temetklkaizzénh e n t e
altsisteminin (kyd&rd e J3i)ktoiosmea inielek e kyiglk 4) el
rstatuk itme (pusnovew) anal i zi yapel er . Kt me ejrisinit
sonr aki adémda yapel ac ak temelklaezzasknattdisierkinine t ki | €
nonlineer rijaddktar olkKtrmak &mudlliamniéne il i kKkir
akajedaki «kekilde yazeéelabilir:

N D .
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e F i

Kpp K K Gp) f]tp'pfl 0 (3)
(c) 3. Adeéem: EylemsizIlik Etkilexi mi
Etkilekim analizinin 3. ve son adéméné ol uk
hesaplanan Etkin Temnel Deprem Harekdiini n et ki si ik aizéerénn d a, |
altsisteminin 2. Adeéemda hesapl anaemel nonl i

altsisteminin zaman taném al anénda art émsal
art émsal d&mrekred] eleankDenk. (4) 06t eki «kekil de

I <—f,

k9

k e ki émelk a zzénkinaltsisteminin nonlineer itme (pushover) analizi modeli

fb lr

Sib

»

keki émelk a zzénkina | t si st eminin nonlineer it me
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(b) b
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kekil 5. Eylemsizlik etkil eki mi
Bu analiz sonucunda ¢(styapédaki i - kuvvet |l e
olarak elde edilir. Temélk a Zia&mi n altsisteminin nonlineer
(kekil 5)nh elndeb¢i ggdikl eyay kuvvetine karkeée g
sonu-1|laréndan yarar |l aneéel ar ak . Styapéneén et

hesaplanabilir.

5KAZIlI KLI SKSTEMLER K¢KN ¥NERKLEN PRAT
CERCEVESKNDE ORTAK SHKSVIENMLYEAKILAARK L AN
UYGULAMA ¥RNEJK

YukaKedam 4. 16de ©°nerilen pratik y°ntemin
tipik bir ©°rnek sunmak ¢zere kekil 66da ge°
t emel i n ol ukkd 2z1&6kd uz e miyratp & mit raikn depr e anal i
form¢gl asyon esas al énar ak, end¢stri standar
inka edildi7ji zeminin profildi ve 1y ¢ej zielmeé ni
kekil 76de veéeasBEmcrt i-al é8adeocenlineer zemin
i -1in, kazéek ile zemin arasénda bokluk ol ukr
(CSI,2013). @t ak sistemin toplam yerdejiktirme pr
zeminnt opl am yerdejiktirme profiller:i ve tipi
topl u bi - i mdBlonligeerssereest izémmniaralizindé0.00 kotunda serbest
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zemin tabanéna uygulanan deprem yer trvmesin
Serbest zemin y¢gzeyinde ve ayné d¢gzeydeki
yerdejiktirmelerin Zzamana gere dej i ki mler
Yerdejiktirmelerde etkilekim nedeni il e ol
gere¢ldej ¢ ¢zere, i1k 20 m derinlik boyunca
varl ejée wyeekrilerindp g°r¢len dayaném kayeérg
istenmeyen zemin i-1i plastik mafsall akmal ar
10m 11.0m 10m
.a 30m
Q)
o
(]
+0.00m
RV
-37.00 m
S
kekil 6. Kepr ¢ ayaj] €& v el kkaazzegkkin ogtaktsigeme | i nd e n
Tiim zemin tabakalan igin p-y egrileri
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g
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Zemin Serbest zemin K a zngokent
yerdejiykerdejikdi yagr a

0.00 L profili profili
-
L
-»
Or t ai kkaattéé Kk i *
_ »
S, =60 kPa .
-
- -»
- 20.00 . *
-
Kat ée kil
S, =100 kPa
- 30.00 |2
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-40.00
kekil 8. Zemin profili, ortak sistemin tc
yerdejiktirme profili ve kazeék mome
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6.SONUC

Deprem et ki si altenda dayaném kaybéna ujraya
temell erin ¢bsitry-kypaepeékmien beitrkliilketkee mi model i - e
alanénda nonlineer zemin, kazék ve ¢(styape
edilebil eceji pratik bir y°ntem °neril mixkt.i
etki exki mi bajl aménda ¢(styapé ve kazéklardan z
Ss°n¢gmeg et ki sini I hmal et mesidir. Ancak bu
y°ndedir. Kazéklée temele sahip tiplirknelyiir, Kk
zayef zeminlerde inka &edil ekeakeékihbrz éelelt& i I ex
analizlerinin mutlaka yapél masé gerejini a-
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COLLABORATIVE SOFT G ROUND PROJECTS WITH
KUTAY ¥2AMYD

Tuncer B. Edil*

ABSTRACT

Having a longassociation with Professor Ozaydin dating back to elementary school, to
college (Robert College), to doctoral study (Northwestern University), we codtibwuie
collaboration during our academic lives until present when we both are retired. There were
several projects at Yildiz Technical University in which | participated in their related
research aspects acting as a resource person while learning vastlysaime reaivorld

major projects. Three of those projects that relate to soft ground engineering are presented.

Keywords: soft ground, dredging, earth dam, settlement

1. INTRODUCTION

Three case histories of soft ground engineering are presented:
1 Hali- (Golden Horn Dredging)
1 Alibey Barag(Alibey Dam Settlement)
1 Hamzadere Bajé(Hamzadere Dam Construction)

2. GOLDEN HORN DREDGING

Golden Horn is a narrow and long river mouth dividing the European side of Istanbul. The

area is the site of many historical monuments. jpstream part of Golden Hobecame

almost completely filledthe water depth in this region was gealyr reduced to less than

1.0 mand large areas were turned irmwamp.An Gol den Horn Rehabili:t
Investigations for Geotechnical and Pollution Characteristics of Sea B&tend i me nt s 0
1995 Final Report concluded that dredging and land disposal is feé¥ild@&im and

Ozaydin, 1997). I1997-1998dredging andlisposal of 5 million Mmof sea bottom sediment

was accomplished. Currentlypdl rehabilitation othe disposal #e is completed.

A 1978 study of the bottom sediments indicated that:

1 University of WisconsifMadison, tbedil@wisc.edu
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T w=220%330%
T LL=62%72%
T PL=47%54%
1 Organic Content=9.4981.7%
1 Putrescibility Index = 13:33.5 mgO2/g D(oxygen demand)
1 Putrescibility Index after consolidation = 7112.6 mgO2/g OV
1 PO4P =0.20.4 mg/g DW
1 NH3-N=0.35.8 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=5061660 Fe= 217626400
Cr= 30240 Ni=40-800
Zn=80-1500 Hg= 40130
Pb=20270 Cd=1-30
Al=1872057280 Ca=551664490

Organic Content and Oxygen Demand Parameteg BOI

1  Organic Content= 1.88%.72%
1  BOIls= 7503800mg/kg DW

Rehabilitation Works

The Golden Horn Rehatdition 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, itvas 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
TurkishPAmerican joint venture in the beginning of 1997. After the preparation of the
disposal site at the rock quaty building damsdredging operations started in April 1997
and continued for about 12 months. -situ volume of the material to be dredged was
estimated at /00000 nf 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. 200,008 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 leathetigo
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 predictaoist In a consolidating soil
deposit, relationships between effective vertical stress and void s&e) é&nd coefficient

of permeabilityvoid ratio (ke) are known to exist. Amongst several such relationships
reported in the literature, the ones prego by Somogyi (1979) are utilized in this study.

e= A(s9°® and k= C(&}

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 useddmmpute compressietime behavior using CS2 computer

code (Fox and Berles, 1997and by comparison with the observed values théeef
relationship is calibrated.

A cylindrical experimental model tank measuring 100 cm in height and 80 cm in diameter
was castructed in order to study the time dependent self weight consolidation behavior of
high water contenGolden Horrdredge material

2.2. Numerical Analysis of the Field Consolidation Behavior of Dredged Sediments

The field behavior of the Golden Hornediged 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 &yd-ox
Berles (1997 were used. Thamount 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
samegraph along with the measurements taken from the iirelig. 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.Predictedconsolidationbehavior ofdredgedmaterialcompared witHield
measurements

3. ALIBEY DAM SETTL EMENT CASE HISTORY

Construction of earth damdirectly on soft sediments is not commomhen river
sediments are thick, exeation and replacement of such sediments to bedrock increases
construction costs significantly (up to two foldshvailable methods for improving highly
compressible and soft ground are limited:

T Staged construction This approachakes time but can be @erated withprefabricated
vertical draindPVD).

T Support on Rigid Columns This approach allowsapid construction but generally more
expensive

Alibey Dam is an example of staged constructidrhere are not many dams constructed
with staged construicin over soft ground in the worldOhio, USA West Branch Dana
24.5m high damwas constructe@ver 20m thick clay deposit However,25-mm wide
longitudinal crackswvere formed when the fill height reached 23 ntah, USA Willard

Dam, anl11l-m high damwas consytructedver 30m thick clay deposit It is asuccessful
example which was constructed over 14 years and after extensive investigation including a
test fil. Other dams constructed by this methodude Union Dam guccessfy] Seven
Sisters [@2m (developed cracks), antllibey Damin Istanbul (successfulOzcoban et al.
2007).

Alibey Dam is a bmogeneousgarthfill and has the following characteristics. It is 2ih5

high founded on 3@n thick clayey sediments by staged construction withoutceédrains.
Hydraulic conductivity of the bottom sediments was estimated based on laboratory and field
tests aky,= 4k, = 2.3x10° m/s The construction started 1968 and continued for 15
years. The mximumsettlementwas measured in the heavilytingsnented dam to bé.34
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m in 24 yearsunder the main body of the dam. Settlement predictions were made by both
conventional methods as well as numerical coupled analysis using PLAXISModern
numerical analysis methods using coupled consolidatgfmrmation analysis using modern
constitutive soil models provideaccurate prediction of settlement for complex filling
history Fig. 2). The key to the success of these predictions was correctly estimated
data and earlier cofferdam
construction data allowed proper estimation of this key property.

operating field hydraulic conductivity.
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Figure 2. Alibeydamfilling schedule andestlements

4. HAMZADERE DAM FOU NDATION IMPROVEMENT DESIGN

Hamzadere Da was intended to create a water reservoir adjacent to River deri
pumping water from the river at high stage. The objective was to support rice cultivation.
Hamzadere Dam was planned as a-clased rock ifil dam to be founded on a designed fill
replcing the bottom sediments and it has the following characteristics. The damiis 29.5
high and the foundation materials are 15 ten2thick high plasticity clay sediments. The
length of the dam is about 800 m. As an alternative design, it was ceudstdebuild 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 albsthyative 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 dakdedaboratory test data
aski= 2k,= 2x10"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 ecansbn in 7 stages of fill placement each

4-m thick and with 90 days construction and waiting pe(feid. 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 earthaguke of 0.15g acceleratididil etal. 2008; Edil et al. 2009).

1/1000 3

FIEDHEB/ +.00
gzi :

CISTANCE ()
Figure 3.Final settlementprofile of Hamzaderé&amconstruction

4.1. Questions Relating to PVDs

There are some questions relating to the design, i.ectisal®f 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;

A Bange of shape due to large settlement and consequent reduction of PVD drainage
capacity

Ampacton horizontal permeability due to smear zeaesed during installaticemd how its
thickness can be minimized

AProduction r at echmachdnstalkleo9 maf RVp/dayyc al | y e

A C 00§RVD installationn Turkey

A S u b s eaglingofithe horizontal draigelayer placedunder the darto drain the water
coming from PVDs
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Dr. Tayfunk e n gtydled the PVD performance questions experimentally angtiaaty
as part of his PhD research jointly aéd& Technical University and the University of
WisconsinMadison k e n g ¢.12018)t a |

4.2. Lessons Learned

AModern numer i cal anal ysi s Rueformadioth sanalysis i n g ¢
using moden constitutive soil models provide a means of optimizing filing program with
adequate safety factors and predicting settlements.

ARepl ac e me n-graired alluvidl $edirkents in dam foundations increases the cost

by 30 to 50%

AEx per i enheavorld and analyes indicate dams can be safely founded en fine
grained sediments

ASt aged construction accelerated -effediie pr ef
method achievable in a reasonable duration

Hamzadere Dam, however, was consted according to the original design due to the
contractual conditions.

5. CONCLUSIONS

Collaborative work with Prof. DrK u t azqydn¥over several decades, not only helped
each of us professionally, but also contributed to the training of numeradisage students
both at Ydd& Technical University and at the University of Wiscofigiadison. Being
associated with an active urban university (unlike mine) contributed much to the
development of my engineering skills. Of course, it was not all wéhe warm friendship

of Ku t azaydmn¥and his group has been steady and helped me maintain my ties with
Turkey. | am lucky and grateful.
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SAHAYA ¥ZEL TTDEPARAREMK ¥ZELLKKLERK

SITE SPECIFIC DESIGNEARTHQUAKE CHARACTERISTICS

Atilla ANSAL *, G°ok-e 2T¥AsIKE KBORTULUK

¥ZET

Zemin y¢izegmelddeers&éjoturan yapélaré etkil eye
kesitinde yer alan zemin ve kaya tabakalaré
gosterir. Bu dejikim zemin y¢zeyinde depre
ivme zaman kayeétlarénén s¢re ve frekans °zel
yapelar czerindeki et ki sinin daha ger -ej e
yézeyindeki deprem °zelliklerinin veéel mdadeé
gerekir. Bunun vyapeéelabil mesi i-in zemin k.
Kekilde incelenmeli, ayné b°lgede ol aseéel éks
kayétlaré se-il meli ve zemi nanmadgyas tymen ed n &l ioz
boyutlu Shake91 analiz y°ntemi frekans ve
geliktirilmik ve bir zemin b¢gyeée¢tme analiz
depreminde al énan depgémtkayEmiater mod&8u &
tasarém depr e mi °zelli klerinin belirl enmes:
yapélan baze -aleékmalardan el de olunan bulg

Anahtar sZmcpkbegye¢gt me anal ketr yeeelrzémin etkileriv v et | i

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 layeustamed in

the soil profile. These variatins 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 necesary 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

tProfDr .zzyed in | niversitesi
2Y., DDk . , Mef | niversitesi
:Dobr ., ¥zyejin ! niversitesi
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earthquakeon the ground surface. The site specific acceleration design spectrum is
determined based on the site response analyses conducted 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 calculdtedrook 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 Earthgsalstucly.

Keywords: Site response, strong ground motion, effects of local soil conditions

1. GKRKK

€ tasarém sg¢rec

I er iknuivivek il | yreéal
zemin ko I , -ok yakl akék

eprem ©°zel k r. Bu al anda

de igstn 3@ s apll pgaasaedr tkazylmear échadn aj ér | el

ral

e

p
k
i n
u

(@)

r (AbrahakKkoncivdbir 29®&IBl)aknem ol ar
i Bluu lylagkn éalknearsdéad eBro.r cher dt (1994) t :
ullanedkn®°rampirj kabakayameséviyesin
-in hesaplanan ortalama kayma dal g
nalizi yaklakéménda ise, s°z
vhee zz epmionf idzel | i kIl er i kull anél a
|l eri yapél masédeéer (Ansal, vd., 2

2. KSTANBUL AHPBPAREM K

Kstanbul Aci | M¢dahale kuvvetli yer har eke
Yakaseée Millmeb©lrgpj esi kapsaménda detayl e ze
alan i-inde ve Atak?®©°y, Zeytinburnu ve Fati
ajlaréna vyakén mesafede bul unmaktader
istasyomhayehtdar da>bgyKklamn] ¢seéMer |l é say
(Kurtul uk, 2011) . Bu depremler i -inde
depremden birincisi 12.3.2008,=t4aBi il mche ¢ra
ikincisi 19.5.2011 tarihinde meydana gelenMb . 9 b ¢y ¢kl ¢ ¢ ndeki K¢
kekil 16de kuvvetli yer hareketi kayeéet is

At ak®y d¢kKey deprem istasyonlar énda ¢ténar
kayet!| me esgprekt vuml ar éneén derinlikle dej i Ki
gere¢lebilecefji gi bi ayne zemin kokull ar énde
ol makt adeér . Bu farkén bakl éca sebebi K¢t al
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Dijer yarbd @&@n KMt ahya Depr emi her é - d¢key
kaydedilenikd e pr em ol makt adér . Her ¢- noktada en
héezl am s1m@0tebelerinde ve akwmlal mhadahkha maf
bu derinliklerde alénmék ivme kayétl| &kr énén
ol duju gibi °neml i far kl ar gezlenmimbir.
kabul ¢n¢gn -ok ge-erli ol madéjéeneée g°steren b

3. KSTANBUL IKMIYN TUMGRELLENMESK

17 Ajustos 1999 M=7.4 Kocdetlki yhed raekmikn die0,0 kk
birlikte Atak®°y, Zeytinburnu ve Fatih kuvyv
ivme kayetlarenda en b¢yé¢k dejerler 0.12g,
Zemin b¢gyegtme analizl eririis-si nveseSun mi k9 92 )a
°nemli bir eksi kl ik, b¢yeéet me analizlerinde
s°n¢gm oranénén efektif d¢key gerilmeyle de
etkinin arakteéerél masbasénnéywyapbbhpembaailizkl
ortalama ilikkiler kullanélarak bulunan so
sonu-landéjéné g°stermektedir (Darendel i, y
géevensiz tarafgel kel ac®&haekedllamo@mdanda yapeél
b¢yeéetme analizlerinin efektif geril meye baj
i i kkileri kull anél masé m¢gmkeéen ol muktur .

Ekdejer dojrusal analiz y°ntéembhdelk Hi] Kk
dejerlerinin hareket./| olduk-a etkilemesidir
s°n¢gmgn artan derinlikle azalacak ve bg¢gyeék
Kekil de dej i kt i rSuditanedg1994g etr eerkanfe&kntdeadn r° ner i | e
alenarak Shake91l kodunda yapélan dijer bir
bajéemléléek g°z °n¢gne alénmasé ol muktur.
Kocaeld] depreminde Kstanbulsdmtheaklay ani,zers
al enménke zaman kaydé kullanélarak kekil 6"
yézeyde kayeét edi | mi K ol an i Vvme spektrumu
verilmiktir. Buradan g°r ¢l eceji gibi gelik
Shaked il e kayet edilmik deprem ©°zelliklerini
mo d e | et mek m¢gmkeéegn ol makt adér .
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SPEKTRAL IVMELER (g)

. . 001 Y 1 10
PERIYOT {sn) PERIYOT{sn)

kekil 6. 17/ 08/ 1999 depreminde Atak°®ydde Kk:

4. ZEMKN B! YLKME ERKA

Sismktehh ke analizinde farklé akéelma ol aseéel ekl
edil en deprem ©°zellikler kull anél ar ak Zemi
bl ¢mlerde g°sterilmik olduju ¢zere, bu an:
deprem °zellikleri, bir boyutlu ve exdejer
ve Sun, 1 9 9 ReypaplanabilirlYyaem &ll arzaekmi n davr anékénén
dalga yayeéeléeme analizlerinin enjiguaftaakadanda b a
sonu-lar verdikleri inancéyla olduk-a yayge
Bu analizlerde il k akamada zemin °zellikler
jeofizik incelemelere ve zemindemuemyureelienrei b,
olarak temsil:i zemin profillerinin se-il mel
mod¢l ¢ ve s°n¢gm oranénén birim kaymaya g°re
Zemin b¢yeét me analizlerinde i ncel eznden bol c
belirlenmik sismik ve tektonik kokullar (°
uzakl éjée) ile uyumlu depremlerde alénmék i v
Acevedo, 2004; Bommer vd. , 2000) lizlerde Bu uy
kull anél mak iczere m¢ mk¢n ol dujunca -0k say
°zelliklerindeki farkl él ekl aréen bir a-éedan
se-ilecek kayétlarén, vy¢zeyl eénkmibke dresfh einvdmes |t
spektrumlareée ile uyumu da araneéer

Zemin b¢yeét me analizl eri i -in b u Kekil de <
spektrumu ile uyumunu sajlamak i -in ©bir y ©
analizlerimde bglikr lieemmi kdej erine g°re oran|
ivme dejerine g°re bir oranlama yapél déj énc
ortalama ivme spektrumu g°sterilmiktir
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4 x5
Oranlanmis kayiflann ivime spektromlan
35 = Arnakaya ivine tasanm spektmmm
2 e Ortalama ivme spektmmn
g 3 ---()rt:ﬂmna+lstmxlm'tsqnm
E = =« Ortalama - 1 standart sapma
:-3_" 15 -\‘
1
:
2
=]
S

PERIYOD (5) PERIYOD (3)
kekil 7. 2475 ve 475 s en ddhlikekanatizfernsgrkicumda per iy
hesaplanmék ivme tasarém spektrumlaré ve en
I vme spekdrrtuanl ama iveme spektruml ar é
M¢hendislik uygulamasé a-éséndan ivme spekt
yinsétan ve yapé tasaréemé i-in gereken bir p
gesterilmik olduju ¢zere, tanémlanmék akeln
spektrumlar zemin b¢gye¢gt me anal isalpewai nddeg ne r b u
karkée gelen ivme spektrumlaré ile uyumlu ol
istatistiksel bir dejerlendirme yapmadan or
ivme spektrumu tasarém s p&RBuUumMmuUu ol arak se-
kekil 86de 25 zemi profili iivme nama (kagy et r um
kullanélarak yapél méek zemin b¢gyéegtme anali zl
spektrumlaré ve bunlarén ortalmamae vikkearowéd ag
ivme spektrumlaré g°sterilmicktir Bu «keki
sapma dejerine kar ke gel en i Vv.me spektr umu
spektrumu, ©°nerilen vme tasarém spektr umu
—()ne;;el:ﬁ.i :IH":::::I::; Spektrumu
? 25
; DONUSUM PERIYODU = 2475 sene s DONUSUM PERIYODU = 475 sene
0.5
0.5 1 1.5 2 2.5 3 5 4 0 0.5 1 1.5 2 25 3 5 4
PERIYOT (sn) PERIYOT (sn)
kelki8. 2475 ve 475 yeél d°n¢gkegm periyodl ar €
spektrumlarée ve °nerilen ivme tasal
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5S.5.DNAR METEOROL CGBYONUKITSSARIM DEPREM |

Sahaya °zel tasarém deprem °©°zell i kHadar i nin
m¢hendi sl ik anakaya mostrase I -in hesapl
spektrumlar édeéer . Geliktirilmik olan y°nte
i vme Zzaman kayétl ar é, incel eme sahasé -1t
spektrumu il e uyumlu ol mal éedeér .

Yapélan analizler ol aséel éksal ol duju i-1in
bl gede olabilecek b¢tegn depremlerin i vme
y°ntemin bu a-édan uydwlradreabellde | edi |l gre - kay
gosterilebilir. Beyle bir dejerlendirme 1C¢
yapéelabil mesinde yakanan depremin Dinar i -

deprem b¢gyeéekl ¢] ¢pridm alymad é&ndlainr vee b°yl el
i mk©nénén doj muk ol maséndan yararl anél méxkt éi

5. 1. Di nar Depr emi ve Kayét Kstasyonu

1 Ekim 1995 tarihindes®ibabgygakimgygdadakiged

yapéelaren yaklakék ®wWaGae Yeéekali;mék,rveyaBuajdcke
bat esén@@ ode] KBl t usunda yeralan Dinar ¢ivr il
Art-é& depremlerin yayél émé v el 5k¢mr e yf akyé r-é°kzl ¢a
fayen keéreéel mdl3dmw) rwetdaba@akwna-ésénén 41A ol :
dejiktirmeler &OKeym dyoajtrawl td@pamerebeleriddadir.i se 5

in tam alténd
l er i 26 Eyl ¢l
na gel mi Ktir.

Depremin merkezi Dinar Kehri
Eyidogan ve Barka, 06 ) . Depremin °©°nc
deprem 1 Ekim 1995 g¢n¢g meyd

Ana depr emi ve b¢gten °nceg ve art-e€é depr eml e
Dinar Met eorol oj i i stasyonuadpape&lranal antakz ia
sérasénda (Ansal vd., 2001) ve sonradan Tg¢r
i-in yeé¢regtelen araktérma kapsaménda (TBTK,
kesitinde yer al an zemiwme tkadbyankaa | dakkgaeé ° ke

dej i Kimini belirlemek i-in sondaj -al ekxmal a
Hasal, 2011).

5. 2. Dinar Sismik Tehli ke ¢al éekmal aré ve Ka
Dinar bl gesine y°neli kapél mémkk ot ahl i-kael €k o
Demircioglu vd. (2007) taraféndan yapél mex
2475 senel ik d°ng¢Keém periyotl ar é i -in me¢,
spektrumlareée veril mekteddivrd.. (i9j8e8r) Hkiarr a-f &Inea
Dinar depr emi n@invroillukftauyjéun aDianiatr si smi k t ehl |
g°re 475 yellék dP°n¢kegm periyodu | =666 hesa
mertebesindedir. ) Denmilreximajslemdaddegrr®MmM7 b ¢
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ol makla birlikte 475 ve 2475 senelik d° ny¢ |
dejerl eri ¥cel vd. (1988) taraféndan t ah
gostermektedir. Bu neddnl esabagyar °depr @mpr
belirlenirken m¢ hendi sl ik kaya mostrasénda
dejerler esas aléenméxkter

Bu sismik tehlike -alékmalareé g°z °n¢gne al e
(2012) kuvvetly er har eketi veri tabanéndan zemin b
12 adet deprem ivme kaydé se-ilmiktir

16 14

14 1| — i(zrutl'r::dlrﬂlsn:gkayltlarmivmespehmmlan

guf 1 = Ortalama ivme Spektrunm

2 1 08 -

H 06

EM—.}'} 041 /

mozi_ 0_274;.

o 0 02 04 06 08 1 12 14 1_6_ 18 2 ° 0 0:2 0_‘4 0_‘6 [13:3 1 li 1_‘4 1:6 1:8 2

PERIYOT (sm) PERIYOT (sn)
kekil 9. 2475 ve 475 sene d°n¢gkegm periyod!
hesaplanmék ivme tasaréemi spgkmrgmbaeéeneoh
spektrumlaréna g°re deprem kayeéetlare i -

Zemin davranék analizleri i -in sismik tehl]
-al ékmaséenda Dinar i -1 n haerséa pil laen mé& x u mlvune o It a
boyutlandéréel masé gerekmektedir. Yapél méecxk
spektrumlar e kekil 9' da m¢ hendi sl ik anaka
spektrumlareée ile birlikte g°sterilmicktir
5. 3. Ze mi AnalBlgriy ¢t me
Dinar i-in yapél mék olan sismik tehlike - al
475 ve 2475 sene d°n¢kegm periyotlaréna kar
uyumlu olacak kKekilde boyutkludnd daearééd lamak Oli aara
Kstasyonunun bulunduju nokta i-in sahaya °z
Yapélan zemin b¢gyegtme analizlerinin ortalar
°nerilen ortal ama + 1 st andamltar €a pkneakyial Kkl
gesterilmiktir. Ayréca 475 yeélleéek d°P°ke¢gm pe
birlikte 1995 Dinar depreminde al @énmék anse
verilmiktir. Buradan g° megl spejkit rgimui gteas ar
olan ivme spektrumu ile 1yi bir uyum g°ste
°czelli klerinin belirl enmesi i -1in gel i ktir
gestermektedir
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2 2

Zemin Biiylitme Analizleri
18 18 = Onerilen Tasanm Ivme Spekirmm
16 16 — Orialama lvme Spekirnmm
DP =475 sene = Qrtlama + 1 standard sapmaivmespekirnmm
a \ == Dinar Depremi (KG) 1.10.1995
= == Dinar Depremi (DB)1.10.1995
: \ I\ A\
F N\
% /1\ N N\ RP = 2475 sene
7] /\\ \ﬁ ~ oa 1 \“v ‘ Y% \g\
T———
A~ , u AR
1 15 2 25 3 3‘5 ,‘1 no o5 1 15 2 25 3 35 1
FERIYOT (sn) FERIYOT (sn)
kekil 10. 2475 veodub5i siemeDidRargkgenppemiiyst
°nerilen deprem tasarém ivme spektrumlar e

spektrumlar e

5. SONUC¢LAR

Aci | M¢dahale Sistemindeki M=4.8 b¢yekl ¢ ¢t
kaydet mi Kk s¥2nadetyersetazemin durumlar énén t
yakasénda ger-eklexxtirilmik genik -aplé zem
M¢dahele istasyonunda kaydedilen ivme zaman
yer vme S | ve ivme davranék spektrumu cinsinder
girdi olarak kullanélarak model edil meye -
tarafeéendan ©°nerilen empndek hemi ndebemikgteie rr
b¢yéet me analiz programé Shake91l (ldriss ve
yapél mékt ér . Kull anélan Shake91 programé e

a-abilecek proéelemtirnbikit kSloanrutaigaere gd g o ns € U a
g°zl enen zemin davranékl arenén en b¢yeék S

denenen iki y°ntem araséndan zemin bg¢gyét me
uygun ol dujunu g°stermektedir

Sahaya °©zel zemiin Yygpygltarakanaéemizn ery¢zeyin
periyotlaréna karké gelen deprem °zellikler
Bunl ardan il ki incel enen bl geye °©zel kap
ol mal edeér . Kkendbirkaemi hsenk&kapesm@mens i yapeéeln
g°re zemin b¢gye¢tme analizi yapél maséder
Zemin b¢gyeéstme analizlerinden elde edilecek
analizlerde kullanéelacak i wmenedamdr kaymtnl a
analizlerinde kullanélacak ivme kayétlareée
be¢e¢yekl ¢ ¢ ve olasé deprem merkezine uzaklIl é
se-ilen ivme kayétl ar é dsai sfmakkItée hd 9 ik gk ¢am ap
akél ma olaseéeléklarée i-in hesaplanmék m¢ghend
veya verilmik ivme tasarém spektrumlareée il €
kaydénén frekans ie-eirlimiik dweg i RiI F ekl menme Ki , |
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dejerine karké gelen ivme spektrumu il e i\
Burada benimsenen en b¢ye¢k i vmeye g°re bir
Bu yaklakeém benimsenerekeDinat akvoemanl buiyal
i-in bir uygul ama -al é&kmasé yapél méx, saha
geliktirilmik y°ntemin ge-erlilifj]i incel enm
ve kapsamlé zemin uwmcel @amekemi nd&esbul ukml |
b¢yeét me analizlerinden el de edil en tasar ér
depreminde alénmék i1ivme kayétlarénén i vme
sonu -, Dinar Depr ami chalya nalrarkmége | ki akytétrlia rmi
sonu-lar verdiji dojrultusundader.
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TARANMI k ¢AMURUBBENAKTI RI LMASI ND
KKMYASAL KATKUKJEKT KK N

EFFECTIVENESS OF CHHEICAL ADDITIVES ON DEWATERING OF
DREDGED SLUDGES

Bege¢em TUBAMdet Arzu? BERKLGEN

¥ZET

Bu -al ekmadca -kytrarsbuwmlde yapélan deniz tabansée
tarama -amurl arénén geotekstil tepler (geot
en etkin kekilde naseél susuzl akt érélabilece
ve dere tabanlaréndan el de edilen y¢ksek su
mal zemeden hazérlanmék t¢gpler i -inde susuz
arazide arakter maya y°nel ik bir-oka farkl
uygul amal aréna daha yakén deney sistemi ol
susuzlaktérma ikleminde Kkullanélacak ol an

mi kt arénén belirlenmesinde hézlée veér#Banomi
daha °nceden yapeéelan -alékmalarda kuru -amu
olan 1.5 kg/ton kullanél mexxtér (Turan vd., .
0O.506li k birer adet anyoni k veankatuyani-k® zpd
homojen «kKkekilde -amura karékteréelarak, alt
met odu uygul anméexkt ér . Deneyl er kat keséz n
maddesinin susuzlaktérma ¢(zerindeki et ki si

Anahtaay¢ lses uz | geotekstitsnpal zeminjy i | e kK t geatekstime s i

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 tbé additives and
geotextile tubes (also known as geotubes). Many laboratory asitd itesting devices have

been proposed in the literature to determine the outcomes of dewatering suafategh
content soils excavated from sea and river floors byifitiethem through tubes made from
geotextiles. The test system, which is closer to field applications with Geotube Dewatering

'Y¢ksek lisans °Jrencisi, Yéldez Teknik | niversitesi
2Yard. Do-.Dr., Yéldez Teknik | niversitesi, Geoteknik Anabilim Dal ¢
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Test (GDT) to be used in the dewatering process the anionic and cationic additives types
and quantities of chemical in determinitige testing method is fast end economical. In this
study, dosage amounts as 1,5 kgétamhich 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 wenepared, 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 Tibes, Soil Improvement, Geotextile

1. GKRKK

il kemi zde son yeéellarda deniz ve derelerin Kk
-amurl ar taranmakt a, el de edilen y¢ksek S
belirl enmik al anlaarbekdeapol demaké a b&regk el ma
pompal anan -amurl arén késa s¢re i -erisinde
ki myasal maddel er en aza indirgenerek susu
sajl éjena bg¢ye¢k KLattkeer ag gjrldey adciapkstegélr t ar a ma
susuzlakterélmasé sonrasénda dexar | edil en
iyilektirme yapél madan doj al ortama beéerakel
i -erisine ldzodnmmade!l H6E56=@ Vvar an hacim Kk¢-¢1l1m
konsolidasyona berakel maseée durumuyl a kar kK
olukabil mektedir. Ancak ¢l kemizde geot eksti
azdér .

Susuzl artydrema ndenbir dijer ©°neml.i bil ekeni
-%z¢é¢nen polimerler, sanayi de vV e teknol oj i
Susuzlaktéermada kull anél masénén yané séra s
boya,ar ét ma gi bi end¢gstrivyel a-edan °nemli al
polimerler iki ana seéenefa ayreéelérlar. Bunl a
polimerlerdir (¢eli kkan, 2003) . B uatyonila | & K ma ¢
polimerler kullanél méekt ér .

2 . LKTERAT, R ¥ZETK

Ekonomi k ve -evresel géevenli k a-éséndan yg¢k
-amurl ar e, kanalizasyon -amurlaré gibi at ek
depolama Ekahbbhaemaérkazandeér él masé son yéll
-%z¢é¢m aranan °nemli sorunl ar dan biri halin
y¢ksek su i -erijine sahip tarama -amurl ar é
olarak ortagp - €k mée kvtoeurn g ( Modo. 2002, Lawson, 2008
susuzlakteéeréelmaseée iklemine dair yapélan - al
meydana gelen y¢ksek ge-irgenlije sahip ©°r
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ama-1lld akal abilecekl eri belirlenmixktir. Bu
i Kkl emlerinin daha wuygun maliyet].] ol arak g
uygul amal ar ol duklare belirlenmiktrier .f afkr &c
Kekilde Dboyutlandeéereéelabilir ve yer sekent és
(Fowler wvd, 1995) Pratik wuygul amal ar da, g
maksi mum doluluja ulakana &ladagsé ndao |idzuirnu | vmeark
T¢e¢pten -ékan su i le -amur  hacmi azal makt a,
yapéelabil mektedir. Bu iklem iki ile alteée de-

Sentetik katyoni k yaewia m@molyiomdark la&trk anladnn t
susuzlaktérma wuygulamalarénda séve d¢gzenl ey

yé¢k notralizasyonu ve par-acék k°%opr ¢l eme s
topaklar haline getirirler. Worleyw d . (2008) tarafendan yapeéel
lagegnlerinin polimerl:i ve polimersiz susuzl
fosfordan %79 ila % 99 arasénda areéndér él
-al ekmal ar éntd a° ly-agk |éik | cheg ree yolaesride pol i akril ar
czerindeki karakteristik et kilerini i ncel e
kull anéme il e susuzl akt ér ma s¢resinde % 8
tarafenyange¢2@@Bexktirilen orta °I|-ekli t 01
kullanarak siltli kil bir malzeme susuzl akt
120 daki kadan 40 dakikaya gerilediji belirl
Her hangi bir geloatke kéesrtmal itkd e milne nsbawkar és é,
t¢peén g°®zeneklerinden daha be¢yeék ol an zem
a-éklanabil mektedir. Huang ve Lou (2007) \
geotekstil tutulma kriteringl , susuzlaktéerma i kKleminin °neml
(filtrasyon etkinlifji) gz ardé edildijine
i deal geotekstilin saha performanseée i-in (1
kumaké&ull anél déej e) standart bir t est met o
-ekmi kl erdt+amuGestekemliérinin performans de
kullanélan y°ntemler; ke¢e-¢k °l -ekltiamadblor ek
testlerdir. Laboratuvar testl eri ol an d¢ke
ekonomi k ol maséna rajmen pilot sistem kur ul
saha kokullaréné daha az érdasi hAsélmekTedba
(Hanging Bag Test) ve fAGeot ¢p Susuzlakt érn
sahada ya da | aboratuvarda orta °I|l-ekli bir
Sentetik polimerlerin g¢vendajdievde ddodgti i k
el de edil mesi czerine bazeée -aleéexkmalar yapeél
kaynakl|l arénén keéetléejé sebebiyle sentetik pc
2008). Zemirk at ke et ki | erikmellearri iMe ddijgall i kani ner al
-al éekxmalar yapmék olsa da geotekstil te¢gpler
| kemi zde de Hali -, Kzmir K°rfezi, Kz mi t K¢
-amur laamé@mar ak depol anmasé veya -exitl] eno
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depol anmasé g¢éncel m¢ hendi sl ik probl emler.
araziler elde edil mesi hem g¢venli k hem de
Bu -attekxkmarama -amurl arénén anyonik ve katy
konusu incelenmixktir.

3. MATERYAL VE METOT

¢al ékmada t ar ama -amur u ol ar ak adl ander él
tabanéendan el de edi |l escaehki py ¢tkasreakmas umarmuz letme s a
Susuzl akt ér ma deneyl erinde kull anél anméxk C
kull anél an mal zemenin aynéseée ol up |l aboratu
di kil mi ktir. B¢eten kasugzlbpunh ékabhi desieyVer mn
i-in geotekstil torba basit PVC stant szer |
havuzunda anl ék, on bexkx dakika, otuz dakil
deneylerinde dlbéumer keklggmt isrgirlemiikt i r . Kkin
olan su da on bek dakika ve otuz dakikal e
mi ktarl aré birinci géneg ot i ben ¢ - genl ¢k

Deneylerde bir adet katywoi k ( Pr oest ol ) bir adet anyo
i ki adet katkeée kull aneél r

¢al ékmada tarama -amur u, geotekstil ve kat
-evresinde deniz ve dere tabadéwmglnkat de ma
mi kt aréna sahip tarama mal zemesidir. Labor
yapélan zemin indeks dene)ydlastik limt (3 plastsiteht e v a s
indisi (Ip) organik madde i-erifl é&méntémge¢bdelyajleml
sonrasénda el de ¢edzidlleghee deereiyl miomtui-rl .ar &

Hal i - tarama -amuruna ait organi k madde i -
madde miktaré % 4 olarak belirl elnimm k°tziel.l iFrl
ise¢i z léoglee verilmiktir. Ayréca geotekstil t¢]
sonucunda el de edilen skGizz2z8b@gesvegundmaktian

¢izdl.geZemin indeks deney sonu-1| ar

Kat & Madd& e %10

Likit Limit %45

Plastik Limit %42

Pl astisit e %3

¥zge¢l YoJ u252
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¢i z&l.L.geGeot ekstil t¢p malzemenin °z
Mekani k ¥zell i kl e]Birim
Mi ni mum ¢ekme day/|kN/m 70
Mi ni mum Bajlant é kN/m 65
Hi dr ol i kr ¥zel | i kI |Birim
Permeabilite l/m?dk 1800
090 zm 250
¢i z8ISepe ént e suyun analiz raporu
Y©° nt e nAnalit Birim | Dej ¢
Alkalilik, M (CaCO3) ppm 984
Alkalilik, M&P | Alkalilik, P (CaCO3) ppm 0
PH 7,90
Anyonlar Kl ore¢r (CI) ppm | 1590
S¢l fat (S04) ppm 125
CcoD ;I'C%B)I am Kimyasal O ppm 248
Kl et kel25CU Kl etkenl ik Os/ | 7210
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
ToplamKrom (Cr) mg/L | 0,002
Toplam Kobalt (Co) mg/L | 0,002
Toplam Bakér (Cu)| mglL | 0,006
Toplam Demir (Fe) mg/L | 3,011
Toplam Kurkun ( Pb| mglL |<0,002
Elementler (Asit) 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)| mglL | 0,009
Fosfatlar Osto Fosfat ppm 0,5
Toplam Fosfat ppm 11

¢coz¢negr [Kalorimetri k ¢°z¢| ppm 0,14
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4 DENEYSEL ¢ALI kMA

Hal i - di p tarama -amurunun geotekstiller

araktermak amaceyla y¢retelen bir proje ka
kat ke et ki sinin v e mi ktareméen bahir | snmezsli
deneyl eri g°re katké dozajé 1,5 KPmestolon ol ¢
822),bi r adet aRroesioh 25B0) kat kg zénl enen GDT dene\
mi kt ar éna uygun ol ar ak % 0. ll,er % k WOI.|285n € Iv

ger-eklextirilmixktir., Bir adet de katkéséz
deney d¢zenejinde de anleéek (bir dakika), 0
saat !l ik, (- gé¢n ve 7 gen sgnegybedéagdedizl m
numunelerinin (filtre keki) dejiken indeks

deneyl eri Ve mu k av e met parametrelerindeki

deneyl eri (veyn) yapepmékt éde Busbrzl dkt &dm:
edilen sonu-lar paylakeélacakter.

4.1 Geotekstilt¢gpler il e Susuzl akt érma Den
Geotekstiltge¢egpler il e Susuzl akt ér ma Deneyi

uygul am&luat amébhan sistemin tam olarak miny.
sahada kullanélan geotekstil teplerin yapért
kull anél mékt ér .

Geotekstil mal zeme i-erisine dol durdPlratc ak

k°kesinden di kil erek kapal é hal e getirilm
hazérl|l anmék d¢gzenek, dort tarafé di kil mik

czerinde -amur dolumunu sajl amak kanmicreybh ar
bulunmaktader Bu deney d¢zeneji firmadan h
Bu -alékma kapsaménda kullanélan tarama - an
Susuzlaktérma Deneyi)dnde belirlene2vaedozalj

% 0.56lik -°zeltiler olukturacak «kekilde ik
ekl enmi ktir. Bir adet kat késez, alté tane
numunes. el de edi |l miktir. B ¢jltogha bast PéCustat a Kt € r
sczerine yerlexktirmik, torbadan drene ol an
b¢e¢yekl ¢kte bir kap kulllanéel mékter . Drene ¢
(bir dakika), on bekyidrahii k&% r tot ssaa tdlaikk ,k a¢ - b
kaydedi |l mi ktir. Deneyl er sonucunda torbal a
numunel er i czerinde (filtre keki) dejiken i
indeks deneyleri ve mukavemedp amet r el erindeki deji ki mi bel
deneyleri (veyn) yapeél mékter .

Proest ol 822 katyonik ve Proestol 2530 kat
olarak su -ékék y¢gzdelikleri kekel abhbdme wier
de bir adet kat késeéez -amur numunes: hazér
ger-eklexktirilen GDT deneyinde torba i-eri

ger¢lmegk ve deneye devam edi lgemegni xliiilrec elfe
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d¢zenelen bu alte farkl é deney i-erisinde e
katyoni k katkeé (Proestol 822) ile elde edil
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01 T T T T T T T T TTTT]
1 ¢ 7
02 —| :
i ‘ . 4
o i J—

Su Cikis Yizdesi
o
w
» pbob e boe
>
>

Praestol822-Praestol 2530 Su Cikis Yiizdeleri ° °
o Praestol 822 %0.10
Praestol 822 %0.25 —
Praestol 822 %0.50
Praestol 2530 %0.10
Praestol 2530 %0.25
Praestol 2530 %0.50

04 —

= D> o e

| \HHH‘ | \\\HH‘ | \\\HH‘ [
0.5 Zaman (dk)

kekiPIr ole.st ol 822 ve Proestranl 2520 akaekelaaae

-ékéke y¢gzdeli k dejerleri

Proest ol 822 katkésé i-in % 0.1 katke -°ze
okumada % 1606séneé, 30 dakikada % 260séné,
ertesi gensypapalsan 160l Wrmki kal €k okumada % 3
e-¢énhceg ge¢nde % 3906unu ve yedinci g¢éende i0ose
b¢nyesindeki suyun, 15. daki kal ek okumada %
% 2506intmne 24 26dani n, ertesi geéen yapeéelan d
276sinin, 30 daki kada % 296unun, L-énce g
3206sinin; % 0.5 katke -°zeltild@i deneyde b
146¢n¢én, %0 2ddknkada60 dakikada % 2306¢n¢n,
yapélan dolum sonrasé 15. daki kal ek okumada
g¢ende % 326sinin ve yedinci gende ise % 32
elde edlensuyun i-inde zemin tanelerinin bulunm
(kekil 2).

Proest ol 2530 anyonik katkésénéen dejiken or
mi ktarlaré da keki/l 16de ver il miyksonucubu Gr af i
.- deney i -inden % 0. 25061l ik katkeée miktare
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Proest ol 2530 katkésée i-in % 0.1 katkeée -°ze
okumada %1506inin, 30 dakikada % 2306¢n¢n, 60
ertegyiapgdaman dolum sonraseée 15. daki kal ek ok
i-¢éhceg gé¢nde %326sinin ve yedinci g¢éende s
b¢nyesindeki suyun, 15. daki kal ek okumada
daki kadsaén%n26®4 saatte % 276sinin, ertesi
okumada %206unun, 30 dakikada % 326sinin, ¢
%3501 ni n; % 0.5 katke -°zeltili deneyde b
%146¢ndaki B@8da % 176sinin, 60 daki kada % 19
yapeélan dolum sonrasé 15. daki kal ek okumad e
géende %3106inin ve yedinci géende i se %3100 ni
edlen suyun i -inde zemin taneler:i bul unmamas:
(kekil 2).

kekiG@GDT2.deneyleri sérasénda torba dexke

Proest ol 822 katyonik ve Proestol 2530 ka

deney er i sonrasénda torba i-erisinde kalan m
kekil 36de verilmiktir. Buna g°re deney s
katyoni k katkeéenén artan y¢gzdel eri ii-Htnir .kat
Anyoni k katkenén farklée y¢gzdeleri i -1 n d
birlikte Praestol 2530 katyonik katkéseée -
madde y¢zdesi % 45 olarak elde edil miktir.
Tor ba i -erisiundeekbubueranndeur yapéel an el V €
numunel erdeki drenajséz kayma mukavemet. d e
kat ke -°zeltili deneyde 20 kPa, % 0, 2561 i |
-0 zel tili deneycaiilmekB8br kKPRBegneydsonu-1ar én
birlikte dreanjséz kayma mukavemet. dej er |
yé¢ksek drenajséz kayma mukavemeti dejerl eri
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kekiGDM™M.deneyleri sonrasé drenajséz kay
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5. SONUCLAR

Yapél an -al exmal ar sonucunda t ar ama -amur
filtrasyon ve depolamada ¢y ¢ k f ayda sajladej é, anyoni k
-%keltme etkinlifji gosterdiji gl°r¢lmegkt ¢r.
kalan kuru kekin katé madde miktaré g°z °n,
kat kélrainémn w9wEézlenmiktir. Dijer anyoni k kat
reaksiyonlarénén olduju ancak -ékan su kali

ol madéjée katyoni k katkeélara g°re s¢zentye su

Yapél ama - abaucunda susuzlaktérma deneyl er i
suyunun kalitesi, dolum =zamané ve kol ayl é
d¢kegneglerek projelendirilmelerin yapél maseée
Hali- dip tarmadeaanamuwumumeaer ¢zerinde yapeél
madde miktaré % 10 olan -amura 1.5 kg/ton
katkesé ile yedi gén sonunda kuru kekin ko
gezlenmiktir.
Tar ama r-éanreéinr lkaamyonl arl a takéndéjée de¢egkengl d
edilen su muhtevasée -ok d¢k¢gk daha yojun b
¢l ke b¢gt-esine b¢gyé¢k avantajlar sajlayacaj é
uygm kat kel arén kullanémé sayesinde -amurdan
ve kontroll¢ bir kxekilde toplanéep tekrar do
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GY¥M! L! ESBNERU DAVRANI| BORATBARL A
MODEL DENEYLKRICEKIEBRMESK

INVESTIGATION OF BURED FLEXIBLE PIPE BEHAVIOR BY
LABORATORY MODEL TESTS

Havvanur! EnrdAKINAY 2

¥ZET

Bu -al eékmada, g°m¢l ¢ esnek boru @mamiratniek.eé B
kapsamda, kurulan deney sisteminde yapeélan
Bu deneylerde boru davranékénén model deney
belirlenebil mesi i -in bor wnwrliaki emcst mgane n t
al enan °l - ¢mler dejerlendirilmiktir. Zemin
pl akal aréndan aléenan °I| -¢mlerden yararl anél
edinilmiktir. Deneylnelrede elmbreuseh mer kez dk g ¢
tutarl é ol duj u, dijer bir deyi K il e deney
boyunca bi-im dejiktirmelerin °©zdek ol madej
ortaménén sénérjkosohaudmadamaretl mMeEkeéeed.
Anaht ar s@°znteé kil eerssnek boru davranéxkeé, mo d e |
ABSTRACT

In this study buried flexible pipe behaviorwas investigated in the laboratory by means of
model tests. In order to understand the influence of boundaditioms 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 evaludieésurements gathered fratness

cells and settlement plates installed in thedel tests provided important information
regarding thereproducibility of the experiments The test results showed that the
distribution of circumferentialdeformationof the pipein the central section is consistent in
each other in different tests whicshows the reproducibility of thexperiments. The
deformationsalong the pipaverefound to be nonidentical, indicatingthat pipe behaviour

is affected byhe boundary conditionsf the modetest medium

1Do-. Dr ., Yeéel diétzesTie,k nGeko t}enkinviekr sAnabi |l im Daleé, kilic@yildiz.edu.tr
2AT K. G°r.,Okan | niversitesi, M¢hendi sli k Fakg¢gltesi, Knkaat M¢henc
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Keywords: Buried flexible pipe behavior, noel test

1. GKRKKk

G°m¢l ¢ bir-zémirnu, sibsotreumi ni n  bir bil ekeni ol e

davr aneéecx borunun Ve zeminin rijit-kempi ne %

et kil ekimine bajl edeér G° m¢ | ¢ bor ubordavr aneé

davranékénén model deney sisteminin sénér |

| aboratuvar deneyl er. kull anél mal éder . G° m¢

Tekni k [ niversitesi Prof Dr . Wtunbdaelydeneéyz ay d é 1

sistemi kurul muktur . Bu sistem b¢gnyesinde;
T 1.5 m x 1.5 m x(l2eb5°m Govatéapéedai gl a:
(kekil 1a)

T 50 ton kapasiteli hidrolik y¢kleme siste
T Depo tankeée (kekil 1c)

T Zemi nin deneyy ot ankné&nédnaan adket ar é mén é saj l
bulunmaktader (kekil 1d).

kekil 1. Model deney t¢mlekkesinin genel g

ye¢kl eme sistemi (c) Depo tanké (d) Vak
Kurulan sisteme ait bilgh, & n k dzaiesrmmirme arayg¢zey iyilektir
kayganl akt ér él méxk i ki adet PE fil m), bor un
ayréentele olarak Akénay vd. (2013)6de sunul
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Bu -al ékma kapsaménda, kduarvurlaanné ke ey meoidet e
kokull aréndan etkilenip etkilenmedijinin be
kesitinde yapélan enstr¢ment asyondan al éna
yerlextirilen ger il mendln- eal évwan of ur manl eprl ca
deneylerin tekrarlanabilirliji konusunda bi

2 . MODEL DENBEYRTABWKNE ENSRARIONENT

kekil lad6da g°sterilen model deney tankeén
vd. (199i9l)ednd ai yeinerkt i r me yzaepn@il nméaxrt &y ¢ z €lya niky i
(arasé gres ile kayganlakxteéreéel mék i ki adet
danel erinin PE film tabakaséna batmaseéneén
kulanéel mékt er . Yapeéel an deney sonucuna g°re
tabakaséna bat masénén t amamen engel |l eneme
geomembran plakalaré yapéxkteéereéelarak kull ané
geri dolgu mal z e me s i ol an kot ¢ derecel enmik ( SF
yerlextirilmixktir. Yerlekxtirilen kumun kont
kullanélarak yapél mekt ér (Akénay vd. 2013).
Bu -alékma kapsaménda kuudeanel ant Kiukn Zlk mg m¢
sékeéel éeje araséndaki i o kki Mer t (2014) , tar
Bu -aléexkmal ar sonucunda GeoGauge rijitliKk
ekitliji ile veéeajlkaeanéeédejdesadi ampktik.

ke = 0.05510+ 1.4143 (1)

(1) exkitlijd=nd&eov@augesntdiejri:t Ikik Kum ¢tme b a( kMaNS/ €
relatif seékelejeéeder

Her bir zemin katmané i -in kuru bdkkatem haci
al enar ak hesaplanmékt ér . Mo del zemin ortar
etkiyen teorik d¢key zemin gerilmeleri ile
zemin geri boel krair Klgih@ &kt EBEEMEREBIra mm@.n&raima
Teorik ve ampirik olarak hesaplanan geril me
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kekil 2. Kyilektirme kat manl aréné zemin d
yerlexktirilen geomembran pl akal e
0 5 10 15 20 25
25 | | | | 25
| | © Deney #1 -
- | < Deney #2
Ezof & Deney #3 —120
Z - | v Deney#4 |
< | =11
£ 15 15
.\) L
> i
st
A
s 10— — 10
&L
o L
m —
o [
5— —5
07 \ \ \ \ 0
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Teorik Zemin Gerilmesi (KN/m?)

kelBi |l Tanka teatblkainfgenn teori k d¢g¢key zemin geril:
alenarak hesaplanan d¢key zemin geril
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Bor u, bi-im dejiktirme °I|l-erler ve merkez |
potansiyometrik deplasmant r ansdg¢s®°rmant e ednsmrgtir. Bi
°l -erlerin boru ¢zerindeki konuml ardé6d®eney
veril miktir. Deney #406¢n hazérl ék akamaseéend
dé¢zenl enmi Kt ir
{ 140 {
| 50 } 40 } 50 }
—PRE3.5 —»C —W»FE35
[ ]
3 8
[ ]
—PRE3.5 —»C —»FE3.5
® SoyiamsalBiim
Dej iktirme ¥ |- erler
o ttefnberse\ Bi-im Yatay Simetri
Dej iktirme ¥ |- erler ¢izgisi
Bel
Taban
RE3.5 Kesiti C Kesiti FE3.5 Kesiti
kelWi I Boru ¢zerinde bi-im dejiktirme °1-er|l
Deney #3)
Zemin ortaménén enstrumantasyonu i-in 8 ad

TBH13, TBH14, TBH35, TBH36, TBH37 ve TBH38) ve 5 addt or ma pl-akasé
Kuzey, OPi1 Merkez, OPG¢, ney-Do jOlP +Rat@Pp kull anél mexkt é
Deney #2 Deney #3 ve mDa&mteys yodndot el eemmasntiragr € i - |
uygul anmexkt ér . Deney #4 i -in bedmi weoili it amm&t i
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3. MODEL DENEYLER

Mo d el deneyl er de, zemin ¢enti fyg e ywiaryeel ap g U ime
cm kal énl é&j énda etaiblakasailyeabektatrr i(lBMA)I
k N/ mjolik adémlar ile artérél mék ve en son
k N/ m) gerilme uygul anméexkt ér . Her bir gerilm
30 daki ka, De nteegrk I#€2rOmdiek tiisre. 1 s aat
Merkez kesitte (&C) , baze ayrekl ékl ar dekeéenda, -em
sékéxkmadeéer . Ta-ta (O0OA konumu) ve tabanda (
bir -ekme g°r¢l megkt ¢r (Deneya#@ndhartia),vant
birlikte t¢m konumlarda ejilim sékéKma yo°n
dejiktirmelerin uygul anan @o@zveey i gmr k1t mesi T
sékékmanen tabandakinden daha b¢gyék ol duju
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
1000 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T 1000 1000 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T 1000
. 500 500 . 500} O Deney#1| |54
g E & Deney #2| |
e ° B o |7 oeneyra| |°
= -500 -500 = 500 |- N R -500
a a -
£ 1000 1000 £ -1000 - -1000
o o = n
$ -1500 -1500 $ -1500 -1500
3 3 - “e. :
[ s £
o -2000 -2000 o -2000 — ‘e\\f-ZOOO
-2500 r-2500 -2500 — —-2500
- 180A .
-3000 -3000 -3000 L L L L. L. J.3000
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konuml arénda eMmbekisletl idrbme-lienmmr iche jyi¢kz ey deer i | me
Ol - ¢l megKt ¢ Al énan bu °1l-¢mlere g°re, - e mk
eksenine g°re simetrik ol mase, borunun bu
tepkisine maruz ikmal d&jueée rdé, g °bsotreurnmenk tiekdi t ar
enhi form yerlexktirilebildif]i anl améena gel me k
desteklenmektedir. Yatay simetr.i -izgi si d
taraféenda al énan YI#3 mMerDdOreay y# 4 2i,- iDe nseér a
T 3.41 MN/m, 3.651 3.60 MN/mve 3411 3. 43 MN/ moédi r . Ta- d¢ze
borunun doju ve bateée taraféenda aleénan °1| - ¢n

ile 3.637 3.56 MN/m, 3.72 3.79 MN/mve 35713 . 6 5 MN/ mdédi r .
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Kesit -evresinde 200 kN/ m] yé¢zey geri |l mesi
kekil 66da verilmiktir. DOrt deneyden el de
ol masé bu deneyi mut glrsdrelran@&dgéldiigrl .do¢) kdeukjiaiz e r
k¢-¢k séekékma OA ve 180A konumlarénda ve en
meydana gel miktir Bu dur um, mer kez kesit
ol dujunu g°stermektedir
Ortalama: -2447.2 e
S. Sapma: 397.4
V. Katsay&é %16.2
Ortalama: -4347.7 ne 0 A Ortalama: -4720.7 e
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Ortalama: -1501.8 e
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k e K.iKesit-e vr esi nd ey, 2 @®imdsibl /t nejantbersebi - denj i Kt i r me
daj el eémeé
200 Kk N/ mj yé¢ézey geril mesi altenda ta-ta ve
boyunca deS8pdei mier k edii hketimi. -Yiaz@iysi nde de (9
boyl amsal bi-im dejiktirmelerin boru boyunc
dur um, boru u-larénén tankeén seéneér kokull ar
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Bu -al ekxkmada, g° m¢l ¢ esnek bor u davr ane
incelenebil mesi kapsaménda kurulan deney s
sonu-1|ar é czetlenmixktir Bu deneyl er de, b
dejerlendirilmiktir Mer kez kesitte aleéenan
bi-im dejiktirme daj él éménén tut artl¢ér .veBude
dur um, mer kez kesit i-in -ift eksenli ger i
Bu da, borunun ik tarafeéenda yer al an Z €
gel mektedir Boru boyunca bi-im Heséemtar eneé
mo d e | deney ortaménén séneér kokullaréndan e
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TEKEKK! R

Bu -aléxkxma T¢rkiye Bilimsel ve Tekni k Aracxk

proje ve YT, Arakt érma Pr o) e058¥DOPOK &rojg¢ di nat
kapsaménda desteklenmektedir.

¢al ékmal aréméza verdii]i destekten °tg¢r ¢ MKR

KAYNAKLAR

Ak énay, EnSekEx@d@b4 ) jr Yat ak Mal zemes. Kul |
Davranékéna Et kdaDoldorai Tezi 2 ArARapyt & Ir €@ zna T é k n i
l'niversitesi, Fen Bilimlerd.i Enstitg¢sye, K

Akénay, E. , Kel é&-, Hi.G°we;, | Ro Boe gua rDia,vrBa.n ékK 2 O |
Amacé Kle Kurulan Deney T¢mlekkesinin T
¢kurova | niversitesi, Adana.

Mert, B.,, 2014, Kum Zeminde RijitliJin, Geog&kwsgeek IiLlie
Tezi,Yél dez | mekaerkitesi, Fen Bilimler:i Ens:

Tognon, A. R. M. , Rowe, R. K. &of Bde &Vallh ma n
Friction for a Buried Pipe Testing Facil
4,193 212.
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DARBELK KI RMAONRKKKEDEMANLARIN IN
DEFORMASYON T EASERIMIK

PERFORMANCE BASED DEIGN OF RAMMED AGGRESATE PIERS
(RAPS)

M. Ayhan 'SEYRAKeér hat K E MEAKOBTBALS, Lal e ¥ NER
Kemal ¥ndér ¢ETKN

¥ZET

Bu -al ekxmada, dar bel i kéer mat ack kol on ( DK
deformasyon ve kapasite perlfeo rdned nesrélneénnd isra h a
edil mik ol up, s°z konusu den@3ykloelrono ngz-er fi ai
ger-eklexktirilmiktir. Saha zemin profilleri
18m derinliklere kadar normal konsolideirimleri n yer al dej e, bu t a
-ojunl ukl-saé keer tkauns ékésaj |l amr gr kvak bir opmit er ikr
ger ¢l mKotheerei f zeminlerin mukavemetinin be
y°ntemiyle belirdgedeégrekludimsn @lr maH(R Tey Nk | e me C
S 0 n u niHaia ra & leapaaitsilen or mal i ze e diHK elno njerk@plige ar K € 1 ¢
edilen oturma grafiklerk e k | i nde sunul mukt ur . ¢al ékma so
y umuKk ak killerdpermtaggmenu nd DK&n c i eanp/aoe
mertebelerindeki depl asmanl arda mollléerdei ze o/l

iselu depl as mad%l 0d eneerrtienienl er i nde ol duj we g°r ¢l
edi |l mi kK depl azbmaerebetbrir] euliankitneéj% dur%w3®blar da Kk

mertebelerinde mobilize ol duj u vV e ot ur ma
mertebelere ulaktéjée anlakeél mékter, i) n
t &Kl edil mk kazé&kyaséma dawhmarmsgknéerk ol duj u
altenda DKK el emanlarénén birim deformasyor
tasaréma esas kapasitenin projeye °zel iz

~

gerektijJir gor¢l mgkt ¢

Anaht ar sPPazrcbéekllierk:ér mat ak kol on, kol on y¢kl e

IDr. Knk. M¢h. , Seen tTe zc . Kshytan@denteYimsaat.conSta n .

2Knk. Mgz ,KiBeamate Yar., Bkdmakojl u@sentezinsaat.com. tr
SKnk. Y¢ék. & Jeof. Mylk. Ti$e ekird@dentézigadtaomtrYaz . San.
‘Knk. Yeéik. & Jeof. Mylk. Ti $Se foneddsentsaksnabmtr Yaz. San.
SProf. DrkaadDTN¢ h e n docesin@mgti.edBte | ¢ mg¢
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ABSTRACT

Within the confines of this paper, a normalized deformation based capacity mobilization
assessment scheme is presented for rammed aggregate piejs KBr 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 consobtiated

layers extending to a depth of 18m. Belovs tttepth, usually medium dense to dense sand /
hard greywacke / very stiff to hard clay are pres@niveighted arithmetic mea8PT Ny
assessment procedure was used to estimate representative soil strength and stiffness
parameters in cohesive soilhe esults of RAP load tests were summarized in the form of
normalized mobilized capacity versus settlement curves as functions of representative SPT
Nso Values. The normalized field load test database revealed that: i) the shaft resstance
observed to beufly 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, 360% of the shaftesistance capacity is mobilized in ahex

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 ddxsgis capacity is domated by allowable
settlement criterion.

Keywords: Rammed aggregate pier, load tests, bearing capacity, settlement

Takeéma gécCé yetersizliji, akeéer e ot ur ma,

problemlerine gebe sahal ar da i nKkaasé pl an|
iyilektirme wuygulamal aréna ihtiya-eryadayul abi
sékeéekabilir zeminin kazélarak yerine daha
-%z¢m y°ntemlerine alternatif olarak darbel
kullanél makt ader . Bu - al €k mal ek a paslatniéanrd ah e s |ae
sistemle (Geopiek mp a c t y°nt emi i1 e) i mal edi |l mi kK dze
d¢e¢key yekloer altendaki davranékeée konu edi/l
°l - ekl yé¢kl eme deneyl ery aditnu raman ud d varr 88n érk@r
sunul muktur . Bu amaeampyrielyi®kntecelndar ak eGelo,pike

y°resindmi @3maddeetd dar be(DKK) KkZe& mian dedengylpelt loenme
ger -ekl etiil diilrmmi kkapsbhméadat krés@&@ zédtiir sonr as
sonu-laré ve °nerilen normalize kapasite mo

2. LKTERAT! R ¥ZETK

Bar ksdal e vV e Bachus (1983), t ak kol onl ar
gr upl an &emekenignalary.n a | g enmakagldmevree z é mbal EBrma yen|
olarak tabem enkméyearl me mekani zmal atakesas
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kol onun ni hai tbaeek @ md e h mptaessareieky P med J ki xrt 1 g e |
Bunlad an bazeéjyamra&lnéeégeni Kkl eme yenil meslB72), - i n;
Hughes ve Withers (1974) Dat ye ve Nagaraju (1975), Ma ¢
yenil mesi i -1in; Madhav ve Vitkare (1978),
zémbal ama vyseen;i |Atbecss hii -vien sléffal §M®i9l)i rkiezk.l i nd
Tak kolon nihai t ak &ma kianpaalsaitt e yKblamtineveni rkeo,l o
zeminin mukavemet °zelli klerine bajlé olduj
bl ¢m¢ kol on nkaomnepeimemdeé medeol duj duruhan, g e
t ak "ktodwéma kapasitesi ramn al hmheér ienddeer,e k k chlecs

yapeél maséné °neren y°nt emlnerk onheovncl uatrt uir-.i n¥ rdn
t ak kol on aphaitdeakemadlukhes ve Withers (1

taraféendan arakteér él méxkter . Hughes ve With
mo d e | deneyl eri il e yanal geni kK|l emganalyeni | m
geni kK| 4Dndermli nl er e kadar zeminin maksi mum r ac
Sonucunlaa rviagmrngécka , son zanawnd agdapt k&l bnlkad o
t ak éma kapasitesinin nétalmi aomlde sladmand alré
kullaré | aanaitk - °z¢mlerin sunulduju yakl Aliwvéml ar (
dij (2010) , kolon -apénén takeéema kapasites
Kekil de 40 mm, 50mm ve 70mm - apl é kol onl a
arakteéemékBSamu-1ar , ke¢-¢k -aplé kol nlar i -
altenda %60 daha fazla oldujunu g er mi kKt
kapasite deformasyonla daha hézl é b i ze
Bae vV e dij . (200 2 Mme mak ankiozlnoars € ye, zer i ndek
| aboratuvarda mo d e | testler il e arakter é|
karkeéel akt éer mékl arder . Tekil t ak Ko28Dnl ar da
derinliklerde ol uktujsuit i nde | ome mit mikre mad r «
mukavemetinin ve alan oranénén etkili ol duj
araktermaceéenen y°nt emini bir araya getirert
incelendijinde, ni haw Hkiark éanmaalkéakp aGk ¢ leisli 1b)
tasarémén y¢kleme testleri ve enstr¢gmantasy
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Gibson ve Anderson (1961) /.'/
I i
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- Tas — © . \/
G Kol o B = 50 30
h 0:311 b2 20p L .
I H ¢ T % = ~~ LiewvéTan (2007)
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I R g
E 2 ¥ Hughes vdi’(fgg ]
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Kayma Direnci Acist, ¢'

kekial) IT.ak kol on ¢zerindeki geri Madeavee) f ar k

Miura, 1994)

Thompsonve Suleian (20-d68j) orma&yon ilikKkisinin ng¢gmet
DKK i mal at Keklinin nasél model | enmesi ger
teorisini model |l eyebil mek i -1n, haci msel b
°© ] - ¢ lheers aiplleanan deformasyonlarén uyumlu ol du
Das ve Pal (2012) , kumlu silt ve kil zem
kurulan tank si st emi il e arakteérmexkl ardér
tak Kkolroimmleary ¢¢ckzleeme yapél mékt ér . Tak kol on
dejerinde mobilize ol an kol on kapasitesir
goer ¢l megkt gr

Ambi |y vV e Ganddef of maB8 % pn dgakranékeéene, t ak
kapasitesini & iyilektirilmik zeminin rijitlijini;
y°nt emi ile arakteéerméxklarder. Teki-I1,0Dk ol ond
derinlikte -doelfuokrtnuajsuy,on y¢dkavr anékeneén ner ed e
iyilegteiminl migitlijJine ulakteéejeée g°r¢égl megkt gr
Zahmat kesh ve Choobbast:i (2010) , t ak kol o
kapasitesinin dejerlendiril mesi i-in bir S
sonucunda, geliasitdskl|l erianéa@eemak&hbhopn ar a
bajlé oldujunu bul muklar ve t¢gm sonu-1areée |
art maseéeyl a, takéma Kkapasitesi oranéeneén, Et
Si st emi yya°knétne mionneu - | ar verdijJi g°r ¢l mgktgr
Af shar vV e Ghazavi (2013) , ni hai t ak éma k a
geliktirmiklerdir. Bu y°nt em, yanall topr ak
mukavemet. parametrellklranbnr lkkiukttl @nemampa vaa)
geometri k parametrelere de ihtiya- duymakt a
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i terate¢r ile dojrul anmeéecx ol up, t ak kol or
kapasitesinin arvarkelgmfiésktteérrdi ji sonucuna

3. DARBELK KAOGRMAMANTIAKDKK) KMALATI

Literat¢rde de detayl é olarak tartexkeldeéejeé
de deformasyon davranékéna etken ana par am

kapsam®&fnadrak | € n o kltnapdaac t G esoipsiteer mi ile darbeli
i mal até ger-eklexktirilmik olup, i mpact el em
1) Al't ucu kapal é& oliteakuddi veeibrasyontugatrbéile tmeasnal r &rh
dei nlijJine khdRhr!l iad)rilir
2 Mandrel ve hazne kérmatak ile doldurulur
3100 cm yukare |/ 67 cm akajJé itme y°nt emi
i Kkl emi ger-eklexktirilir (kekil iles&EReéxktlérOmac
ger -eklektcmi bdlapi néae,360 cm -apa geni kKl er
Bu bildiri kapsaménda sunulan y¢kleme dene)
al ar ak gel i ktiril mick nor mal i ze e dilnpact K kap
yont etmekkile edi |l mi k DKK el eman davranékeée i -
tekkil edilmik rijit kolonlarén sunul andan

kekillmpact sistemi ile kolon imal.

4. ZEMKN ARAAIII RMAL AR

Zemin arakt ér ma - al-e4kOmarh ad &r ikralpiskalmeerned ay | a2k3a |
ger-eklexktirilmixktir. Cexkitli derinliklerde
°rsel enmemi K numunel er alenmékder °r Aekns it leik
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et mesi a-éséndan Yalova ve Afyon sahal ar énce
40de sunul muktur . Zemin arakteér ma --18m ék mal

derinliklere kadary ¢nkosrenkadlipyl keosotgieskittdhe k ad € kK Kl v
CL-CH birimlen nden ol ukt uj una eriyerasitliell - ldlit sthtedtat e d i r

tabakal ar éna e k ol ar ak kum ar a tabakal ar é
birimlerin alteéenda | sa- &sa&nédran vseé KoétRUErénsad kdeabu
kil li, siltli kumik as-ajkl akre rgé&r okvialk Wi roirntl e r k e
goer ¢l megkt ¢r. Yeral t & su-5snewieyreisnilniiknl etr ¢ nar &
ger ¢l megkt gr
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5. DKK Y, KL E ME¥ NDIERNNERY

Y¢ékl eme ASTMMDeEVIi4,3 st andar denama kan&knl amén@ Kk b a s

davranéxklaréené °| -en denextademaelyayeghdadbén
kolon ¢zerine uygulanabildifjgi gi bi, zemin v
uygulanabilir. Ar a z i ydéeknl eeynhee r i sérasénda y¢kl eme k
bakl anmék ol up, bu asinekdardteasaar @mty gk dmimrt Por
Daha sonra bokaltma kademel er i ile devam e
yé¢kl eme deney degzeneji g°steril miktir.
¢izelge 1. Y¢gkleme deney akamal a
No Zaman (dk.) Y ¢k No Zaman (dk.) Y ¢k
(min. / max.) (%) (min. / max.) (%)
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
*Kol on ¢zeriwmmekik gnak $%Li56i nde, oturma heéeze
okumal aré ©°nerilen maksimum s¢rede (60dk) so
maksi mum s¢greye (4 saat) kadar devam edilir.

Ek olarak Geopietmpact elemanar é czerinde ger -eklexktiril
kol onun u- -tkeelsemii nel d'rteekd | adl andér el an -ubul
b°l gesindeki def or masyon dBrianrenah,e2R08)¢ dbhuk z 1 er
el emaneé, yatagrireeéi keplakaairilen ve pvc bol
demir -uUubuktan olukmaktadeéer . Y¢ekl emtale deney
plakasénda olukan deplasman ve y¢k dejerler

k e kiYlg k8 .e med ¢dzderineey
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6. Y! KLEME DENEWRS$SONE DEJRMELENDK

¢cal ékmada-kaywemkuidk zemi68l egarekd | i rRaoll oend i¢glzneirki n c
kapasitesinin vV e rijitlijJinin belirl enme:.
ger - ekl eBti t mi kmc-ratpi@rl .a5n0 v en ilebld | aarréas@&nda dej
g°st GeopmeAmp act dar bel i kéer maif akykokréel doem | el rmama n

alanémala edil mi Kk Q@lzep, n dadeneyeh owygn@lran mékt ér
-al eékma Kk aps aenejeriddene | @ g k leedond vernmay ¢kr af i k1l er i

ni hai kolon takéma kapasitesi belirl enmik,
i -in i se hi pleulblod n &k eysack eae&x e @0 Ne i | | (1988)
Kekil de;ak éapdsissine g®° r e nor mali ze edil en y ¢ ke
normalize edilen otuKmgi gragrlhfekieel dal édrn
mu k av e met ve rijitlik &dejerkherigrfir et esmsiélf
Tenmsii Noodej erinin hesaplanmasénda ewgearjierVverin
kull anél mék ol up, bu dejer |l end7 muerinlikicrap s a mé i
kadar dojrusal ol ar ak azal an bir a]eoérlék
dejerlerinin ortalama hesaplanmasénda daha
Aj érl ékl e ortal ama Kk ©SPTNde&ljamrdlg) et i Nelegle | 2a
czetl ekhemkb@ly g6kl eme t est i S 0 n ubiletel Yadowaave ° r n e k
Yozgatsahd ar §edaekl ekt emendti kyppdadegrnafiji g°ster:
¢izelgegadeBPT|I &ri, DKK boylaré ve - al
_ DKK _ _ DKK
No ¢SaalheaK. Neo,rep. B(?ny)u No <I;SaalheaKs Neo,rep. BC?VEK(m) No ¢Saa?1 };E Neo.rep. %%u
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 | Gaziantepl 12 7 48 Yalova 11 16
7 Afyon-2 9 17 28 | Gaziantepl 12 8 49 Yalova 7 16
8 Afyon-2 9 14 29 | Gazianteg? 13 9 50 Yalova 10 16
9 Afyon-2 9 17 30 | Gazianteg? 13 9 51 Yalova 12 16
10| Aydé 8 18 |31| Kst aln| 13 10 52| Yozgatl 9 12
11 Ayde 8 18 32| Kst a2n 3 14 53| Yozgatl 8 10
12 Ayde 7 13 33| Kst a2n 2 8 54| Yozgatl 10 8
13 Ayde 7 13 34 Kayseri 22 17 55| Yozgatl 10 8
14 Bursa 11 16 35 Kayseri 22 17 56 | Yozgatl 11 17
15 Bursa 11 16 36 Sivas 10 9 57| Yozgatl 12 15
16 Bursa 14 16 37 Sivas 10 10 58| Yozgat2 6 15
17 Bursa 14 16 38 Sivas 6 12 59| Yozgat2 8 12
18 Bursa 11 16 39 Sivas 15 10 60 | Yozgat2 4 10
19 Bursa 11 16 40 Sivas 5 10 61| Yozgat2 10 9
20 Bursa 11 16 41 Sivas 5 10 62 | Yozgat2 10 9
21 Bursa 14 16 42 Sivas 15 7 63| Yozgat2 10 9
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Uygulanan Y ¢k (ton) Uygulanan Y ¢k (ton)
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k e k iTemsiby¢, k | eeneyso n u -a) Yalovab) Yozgat

6.1. ¢ e p Birencinin Mobilizasyonu

Reese ve OO6Neill (1988), servis y¢kleri alt
beton kazéjén oturmaséné hesapl amaknierideko
u- diren-1eri i-in normalize edilen y¢ke k-
°l - ekl y¢kl eme deneyl erini kull anarak gel
ol muck direncin tem dintemekd edirmané Bak | d ejde
esinlenerek, kohezyonlu zeminler i-inde t el
kapasitesini nasél mobilize 68Badefinigkbemerd
veril er. dej e kl edadeylandeh i & & i re dotwmeangrafiklegi k
kullanélarak nihai(QHRbéebnrtliearkneinke, kk @ ma s istée sais
durumdan i h a i kapgaki tmegynk ¢l avpermiifed eflsdiaywon benze
yentemigdeajler |IQriktelrde D&KKi lethiemanénén -eper |
temsi |l def ormasyonu bul mak iczere kol on ¢
depl asmanl ar én ortal ama dejerl eri heg sapl al
dejerlerinin 2 ilia-i2n2 garruapsléannddaekrié | dnejke roll eurpi,
SPTNo= 6 i-in belirlenern ngrhafii klaekréeimak ekaipla s7 ¢
Ayné «kekil czerinde hiperbola ejrisi kull an
ge°steirrid miakiller ¢zerinde °I|l-¢mle belirlen
t¢retilmik veriler ise kesikli -izgiler ile
Uygulanan Y ¢k (ton) Uygulanan Y ¢k (ton)
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0_.‘ o9 . 1 l 1 l 1 l 1 l 1 l 1 0_“..'L! L-l- 1 l 1 l 1 l 1
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§3OO_ —o— -evredirenci "\ gsoo_ ) ) .‘|
g ] = - -ewedrend (tahmini) g = ] o evedrena \
400 - —e— -evretu- direndi ortalamase 4004 --evredwe(rjl'c : (tqhmlgll) _ _‘.
4 = = - -evretu- direnci ortalamasé (tahmini) { ~® -evretu- dirend ortalamase )
500 \4 500 === -evret+u- direnci ortalamasg (tahmini) ¥

k e k iYl¢ k@turma graf jkiu | | a n,gthhanini a)kvalo@a b) Yozgat
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Yé¢kl eme deknwelyl avreérlialreacki her bugdejtersiterii- iknultlae

nor malize edik @Ino n(=kGem)ie aormalizd etlilen oturma grafikleri
el de e dliall mivkiat ivre. Yozgat sahal agenéadegeerekl
ede edilen temsili grafikler sérasé ile keki

-evredirenci

- -evredirenci (tahmini)

-evret+u- direnci ortalamasé
-evretu- direnci ortalamasé (tahmini)

LI | T T T 7 LI B}

50 100 150
d/D (%)
kekiNlor8nal i z e-oeduirlnean gyr¢akf i Jed=6)( Yal ova, SF
12
1_- fmme===z=r T
08 2~ T
= -4 7
030.6—'/
o 1," —e— -ewredirenci
0.4 — - -evredirenci (tahmini)
02 —— -evretu- direnci ortalamasé
- = - -evretu- direnci ortalamasé (tahmini)
0 ) ) ) ) I ) ) ) ) I ) ) ) )
0 50 100 150
d/D (%)

k e k iNbrmdize edilery ¢4t ur ma gr afi Jjedg=6)( YOzgat, SF
kekil 10a' da, 63 veekli eriysghbemal idzeeneg ¢zl em
davranékénén yayeéel emeéneén g \eediinr rhiremumdg2 ive i - i n
maksimum (22) dejerlerine ulakteéeje sahalard
bir ©°1-ekte rkielkmilk tliOrc.' de g°st e
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kohezyonlu zeminlerdd or aj |l a t ekki |l edi |l mi Kk betonar me
direncii - i n nor mali ze e d ializee edileny gitknea griafilarik BKKé k no
el emanlare i-in elde edil BPTKNodedlarimn2nve2 i | e |
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