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ONSOZ

Geosentetikler i 1le ilgild@ il k ¢retimler ve
ol ar ak kuIIanéImase il e bakl améxkt ér . D¢ny a
uygul amacél arée bir r ay ada aisteagree n e k | & k tkiomif len
yél énda ise Avrupa °]l gesel Konferansl areée t
toplanmaya devam etmektedir.

Ul usl ararasé Geosentetikler Derneji Al nt er 1
glitmeyen, geotekstiller, geomembranlar, ilgili Grinler ve benzer teknolojilerin bilimsel ve
m¢hendi sl i k gelikimine odaklanméek 1982 yeéel ér
°rge¢tl enmesi ve 400001 akkeéen glyesil 6G35&i / nleend
cye sayésé ve prestiji artmaktadeéer .
Geosenteti kler Derneji Al GS Turkish Chapter
2016 yél énda AUl usl ar aTagski yeok dlkke ot i b(l lad®:
deji ktiBitmnegtiruUl usal Geosentetikler Konf e
il niversitesi ' nde toplanmék ve b¢y¢k hDimenr & ¢
ol arak konferansl ar d¢zenl eme k geéotekstil,geageds ar e
geomembran ve geokompozit trlnleri kapsayan geosentetikler ile ilgili konularda tlkemizde
-alekan ¢retici, uygul ayécé ve bilim insanl
payl akél masé, karkél akéhanasbeéekxal maed m@ma- P
28 Eyl ¢l 2016 tarihinde Alténcé Avrupa Gec
Sl ovenyabéda dLjubljana Exhibition and Conv:
par al el ol ar ak 20at¢ll kdeed een bd & ffiurama ndéan d ¢ z e n |
683 ki Ki kK2a Eyil1200@ tarihlérindsSingy or e 6 ni n SeWwWl ukéaran
GeosentetiklerK onf er ans é A111 CGO dézenl enmi Ktior . |
sunul mygkkuye, T22 adet Dbil diri sunumu il e en
ol muk®©urEyl @1 2020 tarihlerinde Polonyadneén
Avrupa Geosentetikler -RanfEgt ghs & 02 Bruéatrma GR adian
kentinde ger-eklextirilen 12. Ul us | dlirkiye a s €
kubesi ol arak °nemli bir katél ém g°ster mi Kt

il kemi zde her ge-en g¢n geotekni k m¢ghendi sl

geosentetik kulaemé daha -ok tercih edil mektedir. f
| CGode ol duju gibi Ul usl ararasée ortamda ¢1 Kk
Ul us al Konferansl arémézén Onuncusunu, yani
gondeilen bildirilerin bir 6nceki 232 4 Haziran 2022 tari hinde
dé¢zenl enen Dokuzuncu Ul usal Geosentetikler
¢l kemi zde geosentetiklere olan ilginin kat]l
AGl0onfker anséemézda,; 2 adet davetli konukma
Konferanseéenda, bil diride en yé¢ksek sayeéya
mesl|l aktakl ar erman méxygafommea&reth &kaé&r i n gadrece]
Bildirilerin araktérmacé, uygul ayécé ve ¢ret
her ge-en yeél b¢yeéede] é¢neg gPstermektedir. K
Sistemlerinde Zemin StabiGleioz @kyorkuoSiweni R Gec
Araxkteéermal arokonul arénda sunul an davetl k
AfGeosentetiklerin Farkl & Al anlarda kull aném
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Karayoll arée GrevelletM¢SIGgeeljeeMeder !l ¢7J ¢ ve Dev
M¢derhgh ¢glsterdiji dejerli i1 gi ve dest ekl e
g¢-lendijini g°steren gurur verici bir gel i
biri perjelrildstl eri mizin geosenteti klerin gele
Konferansl arémézé g°n¢l den desdhe&d ciyelni jZie mba
kongree k at k é dimnaldrgikbngreya dzelbiraalm kat an davet | i kon
katkelaré i-in panelistelerimize, bilim ins:
t¢em méeghendi sl ere ve disiplinlerarasé -al éka
yér ¢t me Kurewlelk kgd éread er konferansémézéeéen bi
getirerek, birbirlerinin sorun ve imkanl ar é
Konferansén ger-eklexktirilmesinde b¢gyéek des
katkéda bulunan herkese Y¢greéegtme Kurulu adén:

Prof.Dr. Ay iEdincliler
OrganizasyorKomitesiBa Kk k a n &
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GEOSENTETKKLER KULLANI LARAK

\

SKSTEMLERKNDE ZEMKN STABKLKZA

Burak TANYU 1 Emre AKMAZ 2 Erol GULER 3

ABSTRACT

Geogridsare extensively employed in roadway construction to enhance structural performance,
particularly in scenarios involving weak or soft subgrade soils. Their inclusion aims to improve
load distribution, reduce deformation, and ultimately extend the lifedpgaavements. Despite

their widespread application and the wedicumented benefits observed in practice, literature
does not always consistently demonstrate a clear improvement in the elastic modulus of base
course layers attributable to geogrid reinfoream This presents a major challenge, as the
contribution of geogrid reinforcement must be reflected in the design software through an
increase in modulus. This inconsistency highlights a gap in current testing methodologies and
underscores the need fornzore reliable and practical approach to accurately evaluate the
mechanical benefits provided by geogrids.

To address this issue, a novel testing protocol was developed using an existing and widely
available instrument for modulus determination: the Ligfeight Deflectometer (LWD).

Rather than modifying the equipment itself, the innovation lies in the method of application.
The proposed protocol involves the sequential loading of the base course surface using three
LWDs placed side by side. This arrangemisndesigned to better simulate traffic loading
conditions and to capture the elastic modulus more effectively than traditional e

testing methods.

The results of this study demonstrated that the newly developed protocol successfully
distinguides between reinforced and unreinforced base courses. Specifically, it was observed
that base courses constructed over soft subgrades without geogrid reinforcement exhibited
notable deterioration under repeated loading. In contrast, when a geogrid wpsriaieo at

the interface between the base course and the soft subgrade, the system exhibited significantly
improved mechanical behavior and reduced degradation. These findings not only validate the
proposed testing approach but also reinforce the cnibéathat geogrids can play in enhancing

the performance of pavement structures under challenging subgrade conditions.

! Prof. Dr., TANYU, B., George Mason Universitptanyu@gmu.edu
2Dr . ¥] rAKMAZyEe Sakaryalniversitesieakmazsakaryaedu.tr
3 Prof. Dr., GULER, E., George Mason Universityguler@gmu.edu

2



Onuncu Ul usal Geosentetikler Konf eransé

2930 Mayés 2025, Bojazi-i iniversitesi, Kstanbul

OZET
¥zelli kle zayef veya yumukak zeminler ¢zeri
perfor manseéne arteéer mak amaceéeyl a geogrid do
Geogridlerin amaceé; y¢k daj el e mée hagetindeyyoll e K t i
kapl amasénén °mr¢gng uzat makt ér . Uygul amada
raj men, l'iterate¢rde geogrid takviyesinin t
arterdéejéna dair tutarl é& s omiur- | daeazaa wd mtkajl ayre
-¢é¢nke¢e yol kapl amal arénén tasaréménda geogr.i
dojru bir Kekil de temsil edilebilir. Bu t
ol duj unu g°stermekte] é& e mekeaongirki dIf aryidra | asrag n
dejerlendirilebil mesi I -in daha g¢venilir v
Bu sorunu -°9zmek amacéyl a, el astisite modygl
mevcut bir cihaz olan Light Weight Oettometer (LWD) ile yeni bir test protokoli
gel i ktirilmiktir. Buradaki yeni |l i k, ci hazda
é - LWD cihazéenén yan yana yerlexktirilerek
yapél maséeneée i-¢remekt geleneBsed¢cgzehk noktal &
yé¢kl eme kokull aréneée daha et kil bir kekil de
¢tal @ékmaneéen sonu-1I|ar é, gel i ktirilen yeni
g¢-lendiril memi kakeaermey!| at adbyékratl aedebi lbdi jini
geogrid takviyesi ol madan yumukak zeminler
yé¢kl emel er alténda belirgin bir bozul ma g°s
temel tabaka iley u mu kK a k zemin arasena yerl exktirild
davranékénén belirgin «kxekilde i1yilexktiiji %
°neril en test yakl akéméneéen ge-erl il iJini k

kokunldaarkeapl ama yapél arénén performanséné ar



Onuncu Ul usal Geosentetikler Konferansé
2930 Mayés 2025, Bojazi-i iniversitesi, Kstanbul

GEOSENTETKKLERLE GEOTEKNKK SK
KZOLASYON: YENK ARAKTI RMALA

Ay EDKNCLKLER

ABSTRACT

Research on the use of "Geotechnical Seismic Isolé@&1)" systems within the soil to
mitigate seismic effects before they reach the structure has attracted considerable interest in
recent years. Soil and foundation isolation with rutdserd mixtures and geosynthetics are

the first GSI studies in the Iitature. Numerical model studies have determined that placing

a certain thickness of rubbsand mixtures around the building foundation can significantly
reduce the seismic effects of lownd mediunrise buildings. Over the last decade, the
effectivenesso f five different GSI systensand at Bo
mixture," "Soil isolation with geosynthetics," "Foundation isolation with geosynthetics,
"Crushed stonevaste tire mixture,” and "EPS beadnd mixture" in mitigating seismic
effects inlow- and mediunrise buildings was investigated for the first time in the literature
using shaking table tests. The investigation of EPS-baad mixtures as an alternative GSI
material was the first in the literature. The investigated GSI systems vatated under
different earthquake motions. When the effectiveness of GSI systems was compared with
the results obtained from unisolated building models, it was determined that GSI systems
were successful in reducing earthquake effects; in other woegsytire effective according

to the principles of seismic isolation. Furthermore, the parameters affecting the performance
of each GSI system were examined. Current researches have shown that safe, easily
applicable, and economical GSI systems can be afeict reducing earthquake effects.

LProf.Dr.,,EDK N ¢ L KAL E®], a @niversitesiaedinc@bogazici.edu.tr
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Az ve orta katl é& bianzaallatrédaa bd d ppoteesm dt-k inl esriisi
yapéya ul akmadan, zemin i-erisinde AGeot ek
azaltel abi |l mesi araktermal aré -som k&l é ané mlaa
ve geosentetiklerle zeminvetemelimgonu | i terat¢rdeki i1 k GSI
kaugukk um kar ékéml arénén bina temelinin etrafé
ve orta katle binalarda deprem etkilerini

-al ékmal dreénmi kei rbel Son on yélda Bojazi-i

sisteminin, -kuinAt eka r él kaésn & ok, AfGeosentetikler
AGeosentetiklerl e t eanedk ilzad taisky oknaurGRUmEIIKET mae
karéekeméeo,éaki vael arda ddapdem et kilerinin az:
il k defa sarsma masasé telsaumekar @k @&@mlaara&kne&n
GSI mal zemesi ol arak araktéréelmaseée | iteratyg
far kl @& deprem hareketl eri alténdaki et kinli
sonu-larla mukayese edildijinde; GSI sSi sten
ol duju; Dbir bakka deyikl e, SismikerKmiok taisry.on
Ayr éca, her bir GSI sisteminin performanséeén
arakteéermal ar ; gevenl i, kol ay uygul anabilir
etkilerinin azalteéel masénda etkili ol abil ece]’
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DEMKRYOLU REHABKLKTASYONUNDA
GEOSENTETKKLERKN KULLANI MI NA DAK
ANALKZK

Abdul kad r 1¢XNTFESUNAZLI OHMLWmMet TAKTAN

ABSTRACT

The 60 knrDslnoanngl éElreat | waphol dsestmaAzgr lta MmPpror t
component of t heSountthe rThraatn sopnoarlt NXoorrtrh dor  ( NS

plays a key rol e n enhanc ng the eff ¢ ency
constructed henltme haz0sdbeen exposed to hea
env ronment al cond t ons for many years, | ea
the end of ts serv ce | fe. Analyses of th
remel of both substructure and superstructu
performance of the | ne. I'n modern ra | way a
mater al s n nfrastructure projectsshas$f bec
effect ve solut ons for mpr-o@amnmgng@roampac stt

m n m z ng settl ement ssues. Moreover, thes:c
costs wh | e-tgmrowv daurnagp llong.ddhmpsr eshteundsy vEer etsee
assessment of the use of geosynthet <c¢c- mater

Osmanl e ra | way. The des gn process foll owec
used, appl cat on me tshtoadgoelso,g @8 ¢d @goalkttyctcoc
exam ned n deta | . Th s eng neer ng approac
s m | ar nfrastructure projects and to contr

¥ZET

g

pcdmul unan 60 kmOumamllajdemaky olEd,etul u:
Ul ak@mnKgmNSd&€nu kr t k b r b | eken ol
olu hatteée, b°lgesel t carembada Ukell bj bs
me kt ed 9r4.0 6 Ky &I loalradraak nka ed | en hat,
célejena ve dej kKken -evresel kokul | a
ar ak h zmet °mr ¢n¢ dord dur maktan. gi¥eea
manséné artéermak amacéyla hem altyapeée
] n ortaya koymuktur. Gegnegmegzde mode
projeler nde geogeyngen| akmaktzader kuG
ab | tes n artéermak, y¢k takeéema kap

o =
T+ 50 o

<O o
SO XO®MZIOD <O
n o

t

IKnk. Y¢k. M¢h .o, ¢KNTESUN, A., Proyapé M¢ghendislik M¢gkavirli k A. k.
2KnkK.. ,M¢MAZ LI OJLU, Y., Proyapé M¢chendislik Mgkavirlik A. k., yusuf ne
SKnk. M¢h., TAKTAN, H. , Proyapé M¢ghendislik M¢gkavirlik A. k., hikme
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en aza nd r mek - n Agrlecla bu° mamlzermes emma k t
azalterken uzun vadel dayan&lksimalnd jéé ddean arytod
rehab | tasyonu sg¢rec de geosentet k mal ze
tekn Kk ncel eme sunm er . ¢cxl ek mawlal, a ngr
mal zemel er tekn k °© I kl er uygul ama mz¢
°nl eml er a ent el é |l de el e al énméexkteéer.
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j el
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zl enen tasarém s¢igrec kull anél an mal z e mel
akamal aré ve kal te kontrol °nl eml er ayrent
al teyapr oj el er - n °neml b r bakvuru kayn
uygul amal aréna katké sajlamasé hedefl enmekt e

2PROJE SAHASI VE ¢ALI KkMA ALANI NI' N TANI

Azerb@wpcager -Qdnann|Ed etst asyonl air6el +dkas émdmd e

bulunan 60 km uzunlujundak mevcut dem ryol
S stem yl e Kl et | mekteG¢gney BUI ehka@m  Kid ru sd aart
czer nde yer al makedalller g°Plddtetréen meka erdg @h é

kekl I¢al exma Al anéné G°siDeman| 6;,Aeng®h HabO0t &

El-©@smanl & dem ryobhbt yapéeacan Medgeakyed lrarklas
ed I m Kk olup, yaklakéek b r aséerl ek kull aném
ve zorlu -evresel kokull ara maruz kal méxkteer .
°neml K°éln-nyad,e dae f or masyon ve yapeéesal yorgunl
traversler v e bal ast tabakaseé, yéll ar -n
dayanéekl éel éjéne y t rm K; bu durum hatltéen gg¢
a- mext

w<Z
®

|l u hattenéen bazeé b°lgeler nde
n dem ryolu standartl aréna uyc
rmekted r. Ahokapk tbroazvuel rnsal e(r°,r nze
e mekan k dayanéem kaybeée g b n e
u nedenl e, h zmet °mr ¢ng¢ ot
P, hkaatp , b doyawzréc ak ebsa zmd ek edse mlse
déje b r durum s°z konusud
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gevenl Jooon gwerseakjlldnmasneden hem de mevcut al
etk | er nde kaynakl anmaktadeéer Hatt én reha
durumunu g°© ter,(elkzﬁdlsaalsaanHIrnsmaitluer

kekK IHattén Rehab | tasyon ¥nces Mevcut D
Bunun yané séra, dem ryolu altyapéséné dest e
ve sékékmaseé, su drenajénén yeters z hale ge
yajJ ékl & d°nemlerde hat boyunkmerayweoyal mal ma
Ayr éca, mevcut hat ¢c¢zer nde bulunan bazeée Kk
dol dur muk ol up, modern zasyon gerekt ren yaj
czer nde bulunan def okeni@tle | grfruxt éor rl mekntf ed ry.a
Te¢m bu faktorl er b r araya geld J nde, me v (
takémacel ejé& standar t | akraépnsaa mi yg ubn rh arleeh adge tl
ht ya- duyul duju a-€ék-a g°r ¢l mekted r
Artan takéma taleplewrbmayckhar Delmamakobhmaceyl 2
Kuz-@éyney Ul akém Ko doru (OSMENI| g zkat neédmeryeh
hem de ¢styapé b | ekenler n kapsamlée b r b
-er-evede, hat boyunca ger-eklexkt r |l ecek r
eks ki kler n g der | mes n dej |, layrné jzam
sajlanmaséné da ama-1| amaktader
Bu bajl amda, geogr d ve geotekst | g b mo d
dajéléménén dengel enmes , farkl & oturmal ar én
a-éséendan khmamakk aWér . rol oy

10



Onuncu Ul usal Geosentetikler Konferansé
2930 Mayes 2025, Bojazi-i iniversitesi, Kstanbul

kel IDem ryolu Hatté | zer nde Yer Al an Defo

3MALZEME VE Y¥NTEM

Mevcut hat czer nde ger-ekl ekt r | en sondaj
bl ¢m¢gnde n spdtedejegkeekn SPT(>20) el de ed
sev yes n n genel ol arak d¢kegk ol dujunu ort
takéma kapas tes a-éséendan g°rece avantajl e

hattéen mevcut dolgu tabakalaré ¢zer nde deva
Kek | de aktarél masé ve potan8negel thaekh&t ad:
ama-1|la, geogr d |l e donat él mék zem n y | ekt
hem y¢k dajél éeméné opt m ze etmekte hem de
bozul mal arén °n¢gne ge-mekted r.

Bu -al ékxmamdazemen alynl ekt -20m&8 yStndrednar, d al tCe i
saha g°zl emler ve | aboratuvar testler nden
yapélandeéer el méxkteéer.

3. Kull anéel an Mal zemel er

Kul |l anél an - mal zyéémds;, ,geyagtrayd ve d¢gkey doj
sajlayarak zem n deformasyonlaréné sénérl am
geogr d mal zemen nTaEGel stueanlkun mu K e |. | kl er

Tabll o¢ ft Y°nlg¢ Geogr d Mal zemes ¥zel

¥zell kil er B r Dej e Standar -
Kal énl ék - mm 0,7 E N1 8 49
Nom nal VY¢ikt e MD % 1 N2 EN | SO 11
CMD
¢tekme Mukave M D KN/ m 50,0 EN | SO 11

11
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CMD 7,0
ker t ¢tekme | MD k N/ m 3,0 EN | SO 11
%2 Ger n mdek k N/ m 10, 0 EN I SO 11
%5 Ger n mdek k N/ m 21, 0 EN | SO 11
MD 29,0 -
(o] ’
G°zenek Boy CMD mm 29.0 )
Geotekst | (ayérécé katman), geogr d l e b r

ayremé sajl amak ve nce part k¢l ge- K n e
t emel t ek nTakh2ddbez ed U n kkllneukt ur .

Tabd oGeot ekst [ Mal z e mes ¥zell k1l er
¥zell kl er B r Dej e Standar-
tekme Mukave MD k N/ m 25,0 EN | SO 11

CMD !
Maks mum Yekt MD o 60 ENLSO 103
¢ CMD 0

St at k Del nme - k N 4 1 EN | SO 1.
D¢zl eme D k Su n? s 80,0 EN | SO 1:
Aj érl ek g/?m 300, EN | SO 9

4 UYGULAMA S| RECK ve KALKTE KONTROL ADI

Zem n y |l ekt rme -al ékmalarénén uygul ama s
kal derél maséndan baxklayar ak, yen .Sstyapéneée
-ermekted r. Uygul anan zem n hal ékt geme ent
donateéel arén yerl ek m kveeld' tt @b slualud ma kg Ust e Baic
dol gu zem nl er ¢ zer nndkea sgéerra eekslaesk tt erk kl el ¢ eekd e¢r
yansétmakt adeér

12
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Diroyi

=

nary Pole

rerhead Cater
Kontakt $abska Direyl

— ] - === — —

Kontakt $abska

Qv

Static: Dimension.
01 Rollng Stock(T)
Qatarin Statik Qabati

K- A
4‘0?03

TRA

xe

Sail Improvement Boundary)
Torpag Yaxslasdima Semadl

DOUBLE TRACK RAILWAY
COT DAMIR YOLU X&TTl

(11100)

kel IZem n Ky |l ekt rme Uygulama T p K

Hattén rehab | tasyonuna bakl amadan ©°nce, me
t amamen demok akdeéerde |l neéerketke r . Bu adém, zem n
sajl anmasé a-éséndan kr t Kk °neme sah pt r

A-éja -ékarelan doj al zem n veya mevcut d
ger-eklekt r Ien CBR (Cal foryshkhl 8mardaemge Rlad
bel rienm kt r. Bu °I| -¢mler, altyapénén y
referans n tel ] takémaktader

Takéma kapas tes n n yeters z ol duj u al anl |
kontroll ¢l Mhéakz eMearz egympre yg¢zey geosentet k wuy
Kazée tabanéna |l Kk ol arak geotekst | mal z e me
boyl aré g°zet |l erek - ft y°nlg¢ geogr @ mal z
Kl ev g°re¢rken; geogr d, y¢k daj él eméne y
hedefl em kKt r. Takéma kapas tes n n P2 séneé
uygun °zell kl ere sah p gr ansié esrermallz ekmevdee ns |
uygun Kek | de sékektéreéel méekteér

Al't t emel iczer ne séraséyla 20 cm kaleéenl éején
yerl ekt r I m k; ardéndan travers ve ray mont
Bu s¢re-te kullaneéel amR0tO8m smalndemdaléerv,e UIIQ 7]
Kartnamel ere uygunluk a-éeéséndan kal te kontr

13



Onuncu Ul usal Geosentetikler Konferansé
2930 Mayeées 2025, Bojazi-i iniversitesi, Kstanbul

kelb. | Geotekst | ve Geogr d Uygul amaséna
Rehab | tasyon -al ékmal ar é séraseéenda dem r
amaceéeyl a, hatl ardan b r akt f ol ar ak K |
ger-eklexkt r |l ecekt r. Bu y°ntem, denm ryyeol u
ujramadan s¢rdegregleb | mes ne ol anak tanémak
tamaml anmasénén ardéendan d jer hat - n de |
g°rkel(,éde sunul makt ader.
4 . Kal te Kontrol
Zem n y |l ekt rme ve ¢(styapé yen | eme - al écx
mevcut zem n kokul |l ar é@&nén dejerlend r | mes
yeterl | J n n tesp t ne y°nel k kapsamlé b
akaj edak ademl ar é -ermekted r
Ray, travers, balast ve alt balast doh I ol n
Kek | de kaldénéemmeetuér doAge] aeyakaoj al zem n
ger-eklexkt r I m Kk; drenaj dur umu, yézey b ¢
dejerlend r I m kKt r

Her 50 metrede b r DCP (Dynam c¢c Cone Penetr
hakk®&ndba | g el de ed Im kKt r. El de ed | en DC

14
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al enar ak, | terat¢rde yaygén ol arak kull anél
CBR (Cal forn a Bear ng Rat o) 2d5e0] emdterre chee
dojrudan CBR °1 -¢mler ger-eklekt r I m kK ve
dojrul ama sajlanméxkter. Bu yakl akém, ol aseé h
sénéeflandérmasé yapmak amacalkl ben msedmj Ktul a
s¢é¢rec ne I Kkke i@ddlas ashwan wl° msetl U re.r

Her 250 metrede b r stat k plbakasayekdleemd tdez
rmasyon )Ymeosdaspl¢an(mEewt ér . El de ed-200008 mod,
kr terler yle karkélaktereéelarak uygunl uk dej

o
(¢
-
(@)

g
&

e

kele. | Kal te KontrolG°$sredd eme Kl Kk n S

Kazée ger ekl Il 7 n n bel ri enmes amaceéyla D
dejerlend r | m k; mevcut dol gu veya doj al Z
Gereks n m duyul an b°l gel erdet rl avkd awWa®z & ayga&®
ser |l ecek alt temel jGdmal bemekst ak CBR keney¢O
ayréca,duganmal éj e, nce mal z e me oraneéeé vV e
parametreler ne y°nel k | aboratuvar testler
istyapé mal zemel er olan balast ve alt bal as

standartl aréné Kk
dane boyutu da
testler yle do

arkelayan onayl é tak ocakl ar
|l emeée ve s¢ldlagr dawea nkamét gy e
u nNmeéekKkter

—>
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5SSONU¢ VE ¥NERKLER

Bu -al exnasdrma,nl El edtem ryol u hattenda mevcut
perfor manseéne arteéer mak amaceéeyklua | geet aksak |y
y |l ekt rme y°ntemler dejerlend r Im kKt r.

ol arak yeter/l takéma kapas tes ne sah p ol c
czer nde devam edecelskdlemane, vieadiglze@ net wr mag k
get rmekted r. Bu nedenle farkl & otur mal ar én
geosentet k dest ekl t a s2a0r0e8ml satr a nudyagr ut | | aanr néénkat
ger - ekl extgurl almean abu hem késa vadel stab | t
arteéermaya y°nel kt r. El de ed | en sonu-1ar,

s¢rder el eb | r b r y |l ekt rme y°ntemer ol duj
sah p hat kes mler nde bu y°ntem n yaygeénl ack

TEKEKK! R

Yazar brabrajychAazn Dem r Yol |

ar ADY), I NTER Pr o]
M¢ kav Gdyle kaAkéel aréndan do

(
aye tekekke¢r eder.
KAYNAKLAR
of State H ghway and Trans

r  transportat on mater al s
for StamdWrahe ddath are.ns( 2 e

Amer Acsasmoc at o
spec f cat on
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European Comm tt for Stadddarad zatpumnrrc.t u(r20 i
test) (EN I SO 12236). CEN.
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0 Determ nat oealbfl wtay ec hgpreaam er st ¢S norm
(EN ISO 11058). CEN

European Comm ttee for St and ared tz ame tohno.d (f200
determ nat on of mass per welabtadeprofdugedst
9864). CEN.

European Comm ttee for Standard zat dn. (2¢C
Determ nat on of th cokhersts Za:ndPlImasts @sramd
roof waterpr@90f C€&EN(EN 1849

n
S
t
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ee
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European Comm tatteeonf.or( 20t0adn)jdarEdurzocode 7: Ge
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TAK KONPGEOSENTEKILKEKEVRELENMKK TAK

KOLONLAR KLEYKLEKTKRKLMKK YUMUKAK Z

KNKkA EDKLEN DOLGUNUN DKNAMKK DA\
KARKI LAKTI RI LMASI

Eren BALABAN®  Eren BAYRAKCI 2 Yiicel GUNEY®  Kamil Bekir AFACAN *

ABSTRACT

Stone column is one of the soil improvement methods which is usedr¢asecsoil bearing
capacity of soils. In order to increase efficiency of stone colums, geosynthetics are started to
be used. Behavior of an embankment constructed over a soft soil which is improved by stone
columns and geosynthetic encased stone columsoarpared under dynamic loads. Study is
carried out in the Plaxis 2D finite element softwareCEhtro earthquake time series record is
used as an dynamic load. Stone column diameter was set to 1 meter and effect of different
distances between stone cohsn(3m, 5m and 7m) and three different geosynthetic stiffness
(1000 kN/m, 3333 kN/m and 6666 kN/m) to settlement of embankment and pore water pressure
generation in soft soil evaluated during and at the end of dynamic loading. Mohr Coulomb is
chosen in ordr to model soil behavior. As a result of the dynamic analysis, the accumulation
of excess pore water pressure and settlement of the embankment were compared. Results
obtained at the end of this study highlight the efficiency of stone columns and geetextil
encased stone columns under seismic loading, providing valuable engineering insights for
design considerations.

OZET
Tak kolonlar takéma g¢ce dekéek ol an zeminler
bir tanesidir. Sonetyké@lnlldrfda,arttar kna k o rmlmarce
kull anél maktader . Bu -al ékmada, tak kolon v
iyilektiril mik y umuk ak zemin czerine i nNKa
davraneéxkl ar é . k alrxléd kama € rPda lamxé kst € 2 D sonl u e
ger-ekl exktiril mi ktQern.t rDoi ndaenpirke nyi ¢ ki vomea rkaaky eB ||
kapsaménda, 1 metre -apa sahip tak kolonl ar

geosentef(lWOOi KNt Imi,]i3333 kN/m ve 6666 kN/ m)
dol gu y¢zeyinde meydana gelen otur ma mi ktar é
suyu baséncé artéekéna, yumukak zeminde meyda

Dr. ¥esi, BALABAN, E. , Knkaat M¢hendi slijJi Bl ¢ mg¢, Eskikehir Tekr
2¥7 r . Gor . Dr ., BAYRAKCI , E. , Ul aktéerma Mesl ek Y¢gksekokul u, Eski kehi
3 Prof. Dr., GUNEY, Y., AnadolWniversitesi, yucelguney@anadolu.edu.tr

‘Do - . Dr ., AFACAN, K. B. , Knkaat M¢hendislifJi B°1l ¢ mg¢, Eski kehir Os
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konul muktur. Yapélan analizlerde tak kol onl a
s ér as éedlehan timozdminler MoORCEoul omb zemi n model i il e
-alekxkma kapsaménda el de edilen sonu-1ar, S i
kapl e tak kolonlarén etkinlijini vurdail ayar a
sajl amaktadeér

1.GKRKKk

Yumukak zeminler ¢zerine inka edilen apéel ar
maruz kal abil mektedir Bu nedenl e, yumUKak z
kol onl arén kullpagh eaals & madatvdg B0a5Tlak - €& ol on 1 nk
sérasénda dayanémé ve elastisite modg¢l ¢ yeék
nedenl e, t ak kol on Il nKkasé z ekamsofidasyonuriu a K € ma
hézl andeéermakta, oturma miktaréné azaltmakt a,
(Castro vd., 2024; Zhang vd.021) Dar & Shah (2023) vyaptékl
iyilektirilmik yumukak Kil czerine i nka ed
davranéxkl aréné incelemiklerdir Deshpande vd
yetersizy a n a | destek ol masé durumunda tak kol on
gestererek yenildijini belirtmiklerdir. Al m
-al ekxmal ar énda, yumukak zeminin drenajseéz k¢
yan al dest ek v e -0k d¢ K¢k zemin rijitligJior
a-ékl amexl ardeér . Bu tip zeminlerde yanal ri |
kel éflar i -1i ndegDemima.l 2025;dFarahngéeNalbaatdgiur 2028;rGniel &

Bouazza, 2009, 2010; Nazariafshar vd., 2022; Zhou vd., 2B nedenle geosentetik ile
-evrelenmik tak kol onl amal(&rS ¢y &pAdyRakkbng aeé r-.e

(2019) GS¢TKO61l ar da vV e -evreleyen zemi nde mey d e
hesaplanabil mesi i -1 n anaZhou&Kéng 2012y ammpse kt ame
bir dijer -al ékmada GS¢TKO6l arda meydana gel
yanalmaylaayréél da di kkate al an aHkwakeel & Elgertbni r mo d
(2024)y apt ekl aré -al ekmada GS¢TKO6Il arén i mal at é
S¢éertéenme a-éseéneéen vV e geosentetik rijitlbigil
davranéxkl ar @&na ol anThakur kdi (RORTyiarmpit eéikth @& IEe miak |é & mx

adet kol ondan ol ukan GS¢TKO6Il arén davranékeén
ncel enmuykahgevd. 2024y apt ekl ar & - al eékmada keé&s mi GS

[
davranékl aréné sahada baeaniikrtlagy are&kn,e mey darkar
kéeyas| anvidhamea rvd. 2023)y apt ekl ar é -al ekmada sonlu
kull anarak -evreleme uzunluju, geosentetik
davranékéna ol an at Kioll ernil rair éinn delve mbedik\ee itl e
vd. (2025)y apt ar & deneysel -alékmada tak kol on ve
ve oturma miktarénda meydana getirdi kIl eri d
ayné zamanda sonlu el emanl ar yazél @éménda moc
GS¢TKO6Il arén dinami k ye¢kloer Iténdaki perfor.
(Cengiz & Guler, 2018; Geramian vd., 2024; Ji vd., 2024; Yoo & Abbas, 2G2damian vd.
(2024)y apt ekl aré -al ékmada t acxk kolonlar, -evres
vV e GSC¢CTKOGIl ar én sinusoi dal di nami k y ¢kl eme

deneyl eri yl e Ceangizc&eGulerni20k8y apdiek ] ar é be¢gyeé¢k - apl
deneyleriyle Kobe ve ELent r o depremlerinin tak kolonl al
czerine ol an et kJdilvde(@024)y a pitnéckellaernéi kd eerrsdma .t abl
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GS¢TK inkasénda kull anél anp k¢eos anttetnidla ki i jdiat

et kil erini arakterméexl|l arder
Literatg¢rdeki -al exmal ar da genel |l i kl e GS¢TEk
odakl anél déjée g°r¢l mektedir. Deprem y¢kl eri
ger ¢l mgkedanl é8u bu -al ékmada GS¢TK inkaseénda
geosenteti k rijitlijinin ve olukturulan kol o
kil bir zemine inka &edil mick dol gu rdeavirlae € K
karkeéel akt ér él mekteér
2. MALZEME VE YONTEM
¢tal ékma kapsaménda, tak kolonlar ile iyilext
dol gu sonlu el emanlar metodu kull anélarak P
yéekl er aldiélnmdiaktainal i Rolegu, t aGouldmb bioya modaei y u mu
il e modell enmiktir. Modell eme sérasénda kull
Geosenteti k ise, Plaxis i-erisinde bukunan g
mal zeme davranékeé kullanéel arak analizler yap
Tabl o 1. Model |l emede kull anél an mal z

Birim Do_ygun - — .

Hacim Birim Elastisite Poisson | Kohez Sdrtin | Dilatan Permeabilit
Parametre S = Hacim Modiilt Yo me S i A| Cermeablite

Aj ér P Or an n(kPa) i o (cm/s)

(kN/m?) Aj ér (kPa) A-é&s ®)

(kN/m?)

I”” muKal  1g 19 2000 0.4 10 10 0 5.4x10°
Tak Ko 17 20 35000 0.3 0 38 5 11.23
Dolgu 18 20 35000 0.35 2 30 0 3.25
Tak kolonlarén -apé 1 m uzunluju ise 10 m ol
metre ol up, dol gunun tepe geni«klifji 20 metr
metredir. Yumukak kil tabakaséndan sonra rij
model , doj rul an a Ibarl&iShah, 2028)&née ya-panea&n ddnmd u k| ar
ahméktér. Modell enen -dodguveerei zemmkni prof il

(- ® © ® @ ® © ® c ® ® O ® O ® O ® - &

= ®
kekil 1. Sonlu el emanl arda model |l enel
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Knka edilen dol gunun davrandlb@mrmémglseleirnll eme L
(A,B,C,D,E,FveG)meydanagrele d ¢ key depl asmanl ar incel enm

tabakaséndaki 3 noktada (C, G ve H) ger-ekle

Yapélan dinamik analizler sérasénda-Canfd 0 vyeél
depremininpt ay ve d¢key 1 vme kay é tDara&rSkah QR®It an € 1 m«
veril difji Kekl iyl gksulelradaldimaxk rve kekil

S 04

> 03

202

» 01

> 0

2 010 40 60

-0,2

-0,3
Zaman (sn)

XX

o 03
Ne)

& 0,15
%)

— 40 60

-0,3
Zaman (sn)
(a) (b)
k e ki |-Certro defrémia) yatayivméd z aman gr afi jJjizdman dgmkafyi jii

Parametrik -alékma i-in ise, .- farkleée tak Kk
ve tak kolon i malaténda kull anél an grksing¢gl er
incelenmi ktir. Et ki si incelenen dejikkenler

Tabl o 2. Parametri k ¢al ékmada Kul |l al

Parametre Dej er | ey Birim
Geosenteti 1000/ 3333 / 6666 kN/m
Tak Kol on| 17500/35000/52500 KkN/m?
Tak Kol onl

Mesafe (S/D) 31517 m
3.BULGULAR
¢tal eékma kapsaménda analiz edilen tak kol on i
& Shah (2023) taraféndan ger-eklexktirilen ar
oturma dej erl eri, Dar & Shah (2023) taraf énde

karkel akt éréel malé ol arak Tablo 36te veril mik
kol onl ar (TK) arasé mesafenin 5 metrenol duj
def ormasyonl arén birbirleriyle uyumlu ol duju
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Tablo 3. Sonlu el emanl ar oturma dejer|
Oturma (mm)
Nokta O(trtérmn;a (Dar & Shah) lz‘?/: )k
(2023)
B 13.91 17.0 %18
D 23.31 28.1 %17
Tak kol onl agems e-netverteiski niilne -evrel enmesiyle A
gel en oturma miktaré t¢m tak kol onl ar araseée
bir S/ D orané i-in kekil 306te verilmiktir. K

meyhna gelen oturma miktaré deprem sonraseéend

kull anél déjée zaman 3.61 mmoéye d¢kmektedir.
dol gunun tepe noktasénda ol duju, doj al zemin
gorg | mektedir. Bu dur uma, geosenteti k ile sar

mi kt arénda meydana gelen artékén sebep ol duj

0 20 40 60
0 -
TK_A
-1
Q) —TK B
-2
E TK_C
g3
£ u, D{ 4¢
2 4 lv‘
o) —D{ 4¢"
5 —D{4¢"
-6

Zaman (sn)
@ S/ Dénin 3 olduju durum

0 10 20 30 40 50 60
0
& —TK_A
—~10
E —TK_B
~-20
©
£ TK_C
5-30
© 0 D{4c¢
A
50 Zaman (sn)
(b) S/ Dnin 5 olduju durum
0 10 20 30 40 50 60
0 —TK_A
~—~ 5
E-lo —TK_B
£-15 | TK_C
3-20 \
O D{ 4¢
-25 A
-30 Zaman (sn)
(c) S/IDédnin 7 olduju durum
kekil 3. TKivyviel &5t¢iTKi i nmiexk dol guda meydar
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Kol onl ar arasé mesafe 5 m oldujunda, TK yeri
noktasé ile ayné eksende Dbulunan zemin tab
azal mekter. Daod gruchas nmd yegpaenanokd!l en ot ur ma 43
d¢kmektedir Oturma mi ktarénda meydana gel
azal maktadeér
Kol onl ar arasé mesafe 7 m ol dujunda, tak Kk
dolgununidstnokeé nda hem de dijer b°l gelerde meydan
az ol duju g°re¢l mektedir Bu durumun sebebi o
fazla ol maséndan dol ayé dolgu y¢kegnegn GSCTKO
GS¢TKOIliamké@ars énda kull anél an grang¢l er zemini
davranékl aréna ol an etkil eri kekil 406te g°r ¢
0 20 40 60
0 —D{ 4C YUY
00
=1 —D{ 4C YU
E 00
£
E D{4¢CYUY,
®©
I 00
53 D{4¢YQ
o, 00
- —D{4CYY
5 00
Zaman (sn)
(@ S/ Dédnin 3 olduju durum
0,00 20,00 40,00 60,00
5 ——D{4¢YUY
00
— —D{ 4¢YUy
£
£10 00
= D{4¢Yuy
= 00
Sos5 D{4¢Yuy
o 00
—D{4CYY
_ 00
40 Zaman (sn)
(b) S/ D6nin 5 olduju durum
0,00 20,00 40,00 60,00
0 —D{ 4¢YUy
00
£ —D{ 4¢Y
E10 00{ v
g D{4¢YUy.
520 00
o D{4¢Yuy
00
-30 Zaman (sn)
(c) S/ Dédbnin 7 olduju durum
kekil 4. Far kl & SriDj iotrlainjl iamién i oti mnr ma Kd
etkisi
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Far k1l é grang¢l er mal z e me rijg it g ve farkl
incelendijinde, meydana gelen otur mal arda S,
S/ D oraneé 3 i kemi jigtrlainjsil reirn mh71 Z@®0nek Paddan 3
dol gu tepesinde meydana gelen oturma miktar
mal zeme rijitlijJinin daha fazla arttéreéel maseé
onemsiz boyutlardalod uj u g°r ¢l m¢gkt ¢r S/ D 5 @dmdruj unda
grafiklerinden, grang¢l er mal zeme rijitlijin
oraneée 706ye -ékareldejénda t¢gm noktalar 1 -1n
rijmitn i1 17500 kPa ol duju zaman hesaplandéejeée g
kekil 50t e, farkl é& S/ D oranlaré i-in GS¢TK
yumukak zemindeki oturma miktaréena ol an et Kki
0 20 40 60
B ——GS_A_100(
——GS_B_100(
_ 1t GS_C._100!
E GS_A 333
© 3 ——GS B 333
g . ——GS_C_333;
o ——GS_A_666
-5 ——GS_B_666
6 ——GS_C_666
Zaman (sn)
aS/ Dénin 3 olduju durum
0 20 40 60
5 ——GS_A_100
——GS_B_100
§-5 GS_C_100
E s GS_A_333
< ——GS_B_333
S 25 ——GS_C_333
o ——GS_A_666
35 ——GS_B_666
45 ——GS_C_666
Zaman (sn)
b)S/ Déwmilmub% u dur um
0 20 40 60
0 ——GS_A_100!
——GS_B_100!
~1 GS_C_100
E_z GS_A_333:
© ——GS_B_333
%-3 ——GS_C 333
o GS_A 666
“ ——GS_B_666'
5 ——GS_C_666
Zaman (sn)
¢)S/ Débnin 7 olduju durum
kekil 5. Farkl & geosenteti k rijitlijJinin
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Dinami k y¢kler altéenda S/ D orané 3 ve 7 i1 -1ir
ve yumukak zemi mndarmay dawva agelkémé artteéerdej
ol duju Zzaman I se, geosentetik rijitlijinin
gorualmektedir.
Sonlu el emanl ar dinami k anali zi sonu-1| ar éna
bokbulku basénce, S/ D orané ve derinlik ile
edilen akéré bokluk suyu baséncé deji ki mi C
bokl uk suyu baséncé en d¢ke¢egk 33r7ekkeRamilke &
S/ D oranéyla artméexkteéer. S/ D orané 7 olduju d
de ayné ol arak yaklakék 57 kPa ol arak hesapl
@ 0 10 20 30 40 50 60
T 0
W —TK C
N ©
3-_{ TK_H
0 30 D{ 4¢
™ [ D{ 4¢
-40
-50
Zaman (sn)
a) S/ Dé6nin 3 olduju durum
Q0 10 20 30 40 50 60
S 0
—TK_C
N-29
3 TK_H
O
o -40 D{ 4¢
— C
-60
Zaman (sn)
b) S/ Dédnin 5 olduju durum
5 o 20 40 60
~ 0
- —TK_C
N ‘©
) TK_H
- D{ 4 ¢
N
40 C
-60 ~ Zaman V(sn)
C) S/D6nin 7 olduju durum
kekiTlIK &#z.e GS¢TK i-in elde edilen akéré b
noktal ar énda)
Dinami k etkiler sonucu ortaya -ékan akeéreé bo
al énan geosentetik rijitliji ve°geglamegkegr mal
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4. SONUCLAR
¢al ekmada deprem et ki si altenda, yumukak kil
ve GS¢TK inkalaré sonrasé dejerlendirilmickti
payl akél mékter:

T TK yerine GS¢ Tdirumkinda diolgu iest yiiveysnéde meydana gelen

oturma mi ktaré azal maktadéer .

T GS¢TK inkasé sérasénda kull aneél acak ol an
et ki si i nka edil ecek GS¢TKO6Il arén arasénd
T TKO6I ar var Ga¢ aké&ihdaki mesafe azal dek- a,

azal maktadeéer .
T S/ D orané 7 ol duju zaman TK ve GS¢TK ver
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GERK DOLGU MAIBDEMESKUN
GEOGRKDLER ! ZKRRKREK

Onur YAVAN 1 KI knur B OBuak YANYU 3 Erol GULER*

ABSTRACT

Geosynthetic materials have been increasingly utilized in engineering and soil improvement
applications. Among these, geogrids with high tensile strength play a particularly important
role in slope stability and soil reinforcement applications. When etvaduidie performance of
geogrids, partial reduction factors used to determine the allowable tensile strength is of great
importance. One key factor among these reduction factors is the installation damage reduction
factorwhich can vary depending on themulometric properties of the backfill material, the
compaction method and the initial lift thickness. In this study, a field experiment was conducted
using a backfill with a maximum grain size diameter selected based on the recommendation
of the Federal Highway Administration (FHWA) for coated woven geosynthetic
reinforcements in mechanically stabilized wall design. Therefore the geogrid was placed
between two 20 cm thick layers of backfill with a maximum grain size of 19.0 mm (3/4"). The
study examinedh detail the changes in the tensile strength of geogrids compressed between
two 20 cm thick backfill layers. The findings were compared with other field studies in the
literature in which grains with different granulometries were evaluated for the @utaxdtiors
proposed by Koerner (2005).

OZET

Geosentetik mal zemeler m¢ghendi sli k ve zemin
kull anél maktader . Bu mal zemel er araséenda ye
geogridler, 6zellklegeosent eti k donateéel é& duvarl ar, don
amacéyla °nemli bir rol oynamaktadér. Geogr.i
edilen -ekme mukavemet. hesapl amal ar énda kul
sahipt r . Bu parametreler arasénda yer alan azal
kritik olup, °zelli kle inka sérasénda ol uka
azaltma fakto°ory¢, kull anél an gekl erdiod eg,u knalllz:
sékéktérma y°ntemine ve il k tabaka kal énl éej
geosenteti k donaténén mukavemetini et kil emek
'Dr. ¥jr. ‘yesi, YAVAN, O., Kérklareli | niversitesi, oyavan@klu.ed
2Prof . Dr ., BOZBEY, Ckrr akptaxmbhuli bjozibeegr@s iutcesidu . tr

3 Prof. Dr., TANYU, B., George Mason University, btanyu@gmu.edu
4 Prof. Dr., GULER.E., George Mason Unigiy, fguler@gmu.edu
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Admini stration (FHWA) taraféndan mekani k ol

geosentetikl er Ve epoksi kapl e gé-1lendir me
maksi mum dane -ape ol an 19.0 mm g u(l 3a/ mlabsée)
ger-eklexktirilmiktir. ¢tal ekxkma kapsaménda, 2
sékektéeréelan geogridlerin -ekme mukavemetind
edilen bulgul ar, l'iteratrcakiey dmalkd e dyirjaenre | atrr
il e karkél aktéer él mék ve Koerner (2005) tar
dejerlendirilmiktir
1 GKRKKkK
Geosentetikler son yeéllarda m¢hendi sl i k uygu
gel miktir. Zemin iyilektirme, drenaj, filtre
geosentetiklerin bir-ok -exkiudil an@tdaéar geGsen:i
tasarém mukavemetl er. hesapl anér ken azal t ms
uygul ama sérasénda ol ulRF) sikme keep) azaltma faltdrit ma  f
(RFcr) ve kimyasal veyabiyolojik bozulma azaltma faktorlerfRFcep) k ul | anél ér . F
uygul amal ar i-in azaltma fakt°r¢, dejer aral e
Tabl o 1. Koerner'"én (2005) ¥nerdiiji Geosen
Azaltma Faktorl eri Dej e
Uygul ama Al 4, 4 3,4 A
Ay ér ma 1.1-2.5 1.5-2.5 1.0-1.5
Yast ekl ama/ Y 1.1-2.0 1.2i 15 1.0i 2.0
Kapl amaséz 1.1-2.0 1.5-25 1.0-1.5
Duvarlar 1.1-2.0 2.0-4.0 1.0-15
Toprak Dolgu 1.1-2.0 2.0-3.5 1.0-1.5
Temeller 1.1-2.0 2.0-4.0 1.0-15
kev Stabil 1.1-15 2.0-3.0 1.0-1.5
'!'st Yapé Ka 1.1-15 1.0-2.0 1.0-15
Demiryolu (Fil 1.5-3.0 1.0-15 1.5-2.0
EsnekUygulamalar 1.1-15 1.5-3.0 1.0-15
Siltli Bélgeyi Tutan Cit 1.1-15 15-25 1.0-1.5
Tabl o @did6-dien Rker il en azaltma fakt°orl er.i 1.1 il
Ancak geosenteti klerin hangi uygul amada kul
kull anél acaj e, uygul ama esnasénda mal zemel e
mal zemesi grang¢l ometresine gere bu dejerl el
stabilitesi amaceéeyl a kopll.llaniellecakb ganasaneda

belirtilmicktir. Ardeglkrbhbazea dahak makdp-eqdq kRiIFalt d u
(Chuan ve Luen, 2006).

Geogridler -ekme mukavemet. ve el astisite me
ve bu sebeple °zellikle donaté ama-1¢é& ol ar ak
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sék-a tercih ielditlgerng dgrr. gRiors-emk eadar akt ér mac é
ol ukan mukavemet kaybeée ile il gildi -al exmal al
kapsamlé -alékmada on i ki farkl e
malzeme o mune s i czerinde deneyl er ge
farkl é zemin kokul |l ar énda, - exKi
karkel akél abil ecek kokull ar alteéen
-ekme testine tabi tutul muk ve Db
maksi mum -ekme dayanémlaré belirl n Ktir. E
tipleriyle birlikte kullanél masé&gl|l hakEheder me
muktur . ¥zell Il e -akéel dol gu kull an

e daha y¢ksek ekme kayéplaré ol duju
zemes.i tipiyle doj rudan kahik hagarlarai marozl ar a k
abilecejini vV e bu dur umun m¢hendi sl ik
termi Ktir.
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|l are 2005 yél énda yapmécx
a yaken bir Jbi¢ ykeukr ullla-reakkl io ttuezs ts edk¢ zze nfea |
test etmiklerdir. Bu -al ékmada, geose
[ ve dolgu agregal arénén ©°zellikleri
i kteilri.rl Apyné zamanda, bu testlerin |
Ktirilerek saha vV e | aboratuvar V €
| muktur . Araktéermada °zellikle seéeke
[ [ vV e agrega par - al a
sar d¢zeyi ni °neml i 0
adbdan daha y¢ksek
a sahip kéermatak do
erinin 1.3 ile 2.1
erformanstaydaekonnm

L

s ve arkadack
]

A 'Y —T>S o
——

cC T ~-SoToN~Qa ™
T DO aoaDd® XS5
-

c X M

5)
e
ru
malzene s i ni n g
mal zemede o]
sonu-1|lara g
mmédch k¢-¢k dane
hasar azaltma fakt
kokul |l aréneén mal ze

@D
©

Bat hur st %
yi r mi fark
kapsamleée bi
orijinal ge
sonu-1|are d

e -al ékma arkadaklaré (2011) tara
|l € araktérmadan el de edilen veri.l
r veri tabanéeéndadavaepmaikt @a98r adéu
osentetik numune il e 2248 adet sa
ejerlendiril miktir .spoAmalaikz lagd annare
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ortal ama dane -lpy¥anknyad 9d&®d kngn gdlenol masénén,

hasar oranlaréené dojrudan etkilediJi tespit
hasar azaltma fakt°rleri, genel ol arak FHWA
°neril en uygmual égkllsatrelrami Kt i r . ¥rnejin, PVC ka
gran¢l er dol gularla kullanél masé durumunda,

ila 1.85 arasénda dejikirken; Bat hur st Ve ¢
arase@hdambktur . Bu farklar, saha kokull aréen:
mal zeme dayanémé ¢zerinde ne kadar etkili ol
Bu -al eékmada, maksimum 19,0 mm dane -apéna ¢
PVC kapl @ebigri @8Ed ol ukan wuygul ama séraseéenda
(RFp)y°nel i k bir arazi -al ekxkmasé yapeéel méxkteéer

geogridler ¢zerinde yapélan -ekme deneyl eri

2MALZEME VE Y¥NTEM

2.1 Malzemeler

¥zel gran¢l ometreye sahip geri dol gu mal z e me
80/ 80 KN/ m mukavemet| i PVC kapl é PET geogri
i -in arazi ve | aboratuvar ol mak ¢ zKelrke oilkair aakt
geogridlere arazide kull anél masé durumunda g
tabakal aré arasénda sékéktérelarak arazi uy ¢
numunel er il e hi - hasar a |Icekmenm dexeylering ntabin e | e r
tutul mukl ardér .

2.2. Arazi Deneyleri

Ger i dol gu mal zemesinin maksimum dane boyut
maksi mum 12,0 cm, FHWA maksi mum dane botu
belirtmektedir. rema ek | KHWAO dvee "e@eodkss i kapl e
yapélan son -al ékmalar sonucunda, maksi mum
tavsiye edi |l mektedir.™" i bar esi bul unmakt adEé
kapsaménda vyapékamakéeontiankalrlaanél-aadak ol an
maksi mum dane -apénén 19,0 mm ol maséna Kkar at
-apénén 19,0 mm ol an iyi derecelendirilmik b
bulunan 19,0 mrb,0 mm (kaba) ve 50 mr® . O (i nc e) mm ol an numun
karéekemlar yapeéelarak el ek anali zi deneyl eri
Arazide il k ol-%5@kolag @ak é k-8mm|¢dd) vé 9,0mBdmm

(i nce) mal zemel er i kar ékt é¥ed &alraark dd mre&ky asharn
FHWAG6da belirtilen geri dol gu mal zemesi boyu
ajeéerl ek-a %20 kaba %80 ince olacak «kekil de
uygun aral ékta gr an &l oomertarzi dbauhlau nkreulka uma | zAenn
grang¢l ometri -al ékmasé daha yapeéel méxkxteér. Aj e
hazérl anan karékéema el ek anali zi deneyi t ek
mal zemesi ¢ ragtéeiklemdmratni y.akBuwukk k 50 ton mal zeme

malzeme gosterilmektedir.
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kekil UygWwWrramasé i-in Hazérlanan Ger. [

%30 kaba ve %70 ince olan bu karékéemén arazi
amadéa | aboratuvarda kompaksiyon deneyl eri y
g°re bu karékémén optimum su muhtevaseée %4, 7
KNm® bul unmuktur . Arazide hazérlanan dol gu m:
dereyl eri FHWA Standardé, T¢rk Karayoll arée Tek
maksimum 19.0 mm dane -apé kKarténa sénérl ar é
Hazérl anan bu geri dol gu mal zemesinin arazid
14,0 m olacak kKekilde serilmiktir i zerinde.
Kekil de demir balyajle silindir ge-tikten s
deneyi yapélméekteéer. Yapélan kumnk onmit=ail adnean ot
ol duju hesapl anméxtér . BundBRVQGzkaphe PEKXK g¢ge
seri |l mi ktir. Geogridin serilmesinden sonra t
dol gu mal zemesi seril mi kK évremad einkilre na lgyearj-leék |
Sekéktéréelan ¢st tabakanéen da séekékma kontr
araseéendan -ékareéel mexkteér . Tabakal ar arasénd.
getirilmiktir. Ar azeinteesi kuhl asmué !l mwnh tdeolage nal
hesaplanmékteéer. Arazi deneylerine ait -al ékn

ﬁ
kekil 2. [ Dol gu Tabakal arée Ar

2.3 Geogrid Deneyleri

¢cift yo°onl ¢ PET i f i PVC kapl e AT ®4p0514d | er i n
standardéena wygun yyanpgeé&l mPeEKTt dri.fl i PVC kapl & ¢
y°n¢gnde 5 adet nédAmamedbamgglbbamaybwémaruz ka
numune ol arak isimlendirilmiktir. Hasarl é ve
adet -ekme deneyl eri yapél mékter. Numunel er |
nihai cekme mukavemetldsie | i r | Ankné k¥ e r-°zg¢ y°n¢ -ekme de

deney numuneleri deney sonrasé g°r¢gntel eri Kk
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Geogridler -ekme cihazéenén -eneleri arasenda
arasenda k aleadizeanke unpamayademkgeaien gerilmelerin hesaplanabilmesiigin

6 cmoyi temsi | eden referans noktalar i kar et
46te g°sterilmiktir.

—— T S mmlhlm-
i AR

O
I
s

CMD, Deney Oncesi

k e k iOrijinad NumunelerilMD ve CMD Y°nl er. i-in ¢Cekme De

mmmnmmmlgﬁﬁ
1

(B
‘ ,”lfil’ﬂ@uﬁ’ﬂﬂ' ll. I

kekil 4 . tekme Deneyi i -in Hazérl anan Geooc¢c
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Referans noktal aré i karetl eanreans éqieao glrOi dd mr me
yerlexktirilmixktir Geogrid numunel erin deney
hem de -enelerden kaynakl é& kopma ol mamaseé
yerl exktirilmiktir ¢ ek nmee jcii hvaez & rean eyl eerr| eaw taisréi
gesteri |l miktir.
kekil 5. ¢tekme Cihazéena Yerlexktirilen
3. BULGULAR
Orijinal ve hasarle -ift y°nlg¢ PET | i fli PV
-ekme mukavemeti deneylerine ait grafikler Kk
Orijinal numunel erin CMD vy°n¢ -ekme deney
deneylerinegérd aha y¢ksek mukavemet vermiktir. Anca
numunel erin ni hai - ek me mukavemetl!l eri - ek me
-ékmekter. Deneylere ait -ekme dejerleri Tab
i-imldejfarkl @ miktarda birim deformasyon ( %2
Tablo 2. ¢ekme Mukavemet. Deney Sonu-
ORJKNAL NUMUN .
YONU HASARLI NUMUNE_ MD YONU

Deney %FZOC%FSOC Fm % 26del % 56del Fm

No KNm)  (kN/m) (kN/m) (kN/m) (kN/m) (kN/m)

1 14,6 29,6 80,0 14,1 25,9 54,2

2 14,5 28,6 80,8 14,7 27,6 59,7

3 14,1 27,0 80,1 14,5 26,2 58,6

4 14,2 27,9 80,1 14,0 25,8 54,8

5 13,9 27,9 80,4 14,5 26,9 57,6
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4. SONUCLAR

Kki y°nl ¢ geogridin araziatwWkyguylamamsEten dgap &l
mukavemeti deneyleri sonucunda akajédaki son
T FHWAGOGnNneénN ger i dol gu mal zemesi nin geoser
durumunda ©°neril en maksi mum dane -apeé 1
mal zemeskaamasgeoagri dl erde her hangi bir 'y
énmaseé problemleri g°zlenmemiktir.
Kmada MD y°n¢gnde yapélan deneyl er son
ri & numunelerin orijinal nNumKM &lrer eBuc
r ddéleRFne denk gelip Koerner 6én ke
abilecek olan hasarl ar i -1in °ner mick

D
P
(0]
=}

—c—un —

D
)
—
D
]

birim deformasyona é aRtheg¢ le@a k eg e |
mi ktir. ¢al ékmada %2 geripg mede |
aklakek benzerdir ve 1. Gl® ar ak

(¢)]
o

3" T o b«
DYoo

= —

rl eni RE. 1 i lktedir.3Anc@k aemzide s € nd a
ol gu mal zemesinin maksi mum
-ekme mukavemetl eri kK¢ - ¢k

=
P3x-H'a0gxo0aTe
T COQ DO TN T DD
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HASANKEYF ANTKKKKGEWNMWVA SEDDESKNDI
GREENARME DONWBVYARYGODLAMASI

Tayl an 'ENGKN Uj ur YIAL MAZ
ABSTRACT
Under the supervision of the General Directo
of Dams and Hydroelectric Power Plants, the
t he | | éegan refdiaimg water, certain parts of the ancient city of Hasankeyf were

submerged. As a result, many historical artifacts within the ancient city were either relocated

or placed under protection. The Upper City area, which includes the Small Palace and
Hasankeyf Castle, is situated on limestone cliffs at an elevationi 666@eters. Upon the

damdés i mpoundment, these cliffs would remair
to potential erosion over time due to the impact of the water. This cowddésted in damage

to the Small Palace and the Upper City located above. To prevent such an impact, it was decided

to block the front of the cliff® where these cultural heritage structures s@navith an
embankment. As part of these efforts, &@®meter protective structure was constructed in a

narrow area using the GreenArme geogeamhforced wall system.

OZET

DSK Genel Mederl ¢ ¢, Barajlar ve HES Daire E
2019 yeéelénda tamamianmeExémree .t dm&mluadajranda s u
é
u

kentinin bell.i kesi mleri sular altenda kal dd
tari hi eser ya yerinden takendeée, yada kor

Kalesininde icinde bulunduu Yukar é k-e i rmeatanég¢b9ekl i Jir
falezlerinin ¢gzerinde konumlanmaktaydeée. Il és
korumaséz olarak su alténda kal acak, il eri

bulunan KigikSar ay ve Yukaré kehir tahrip olabilec
kel t orel miras olan K¢-¢k Saray ve Yukareée Kk

°n¢gnegn dolgu seddesiyle kapatél maséena karar

Geogrid Donatél é& Duvar Uygubamaeér &ulkloa menlaa
tamaml ande.

'Knk Y. M¢h , ENGKN, T., YmnGrup M¢gh Ltd kti, taylan@YmnGrup.com
2Knk. M¢h., YILMAZ U., YmnGrup M¢ch Ltd kti, ugur@YmnGrup.com
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1.GKRKKk

Kdlturel miraso |l ar ak kabul edilen tarihi anti k Haseée
yél énda faaliyetine baklamséyla b¢yé¢k késme
kadar dol durul masé sonucunda, memba taraf én
kadéj e kil ometrelerce késmé etkilenmicktir

Bu su etkisinin yaratacajé olumsuz durumlard
tari hi mi rasén korunmaséna karar verilmiktir
baze -al ékmad ank gyafp mgexrtléeeki maal ané bokalteélm
alanlaré inkaa edil miktir. Hasankey tarihi k
eserler takénarak yeni yerlekim alanéna g°t ¢
Yinebucak Kk mal ar kapsaménda, bar aj suyunun al ter
Hasankeyf Kal esininde I -inde bul unduju Y u k

sajl anméxt ér

K¢-¢k Saray ve Yukaré kehir
ki re-takée formasyonunda ol uk
]
I

-65Dmt giksekliktelde hr i ni
n falezlerin ¢z
den Dicledbye in
uju tespit edil

merdivenler ile Yukare kehi

a
0
yakam al ana ol an majralar ol d

KCUK SARAY YUKARI SEHIR

kekiKloriuma Alténa Al é&nan Falezl er

|l l ésu Barajé su tutmaséené tamamladéjéenda f al
kire-takénda akénmaya sebep olacak ve K¢g-¢Kk
g°-meler olukaBGKkyaptBuéespbepke-Bl ékmal ar éyl
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yapéséyla kaplanmaséna karar verdi. Bu koru
yapélara zarar vermesi engell enecekt:i
Bu -al ékmada, falezlerin °ngejkei ygageelanyéeol gt
Dicle Nehriodonin derivasyon hattéené engell edi
verdijJi kesimlerde -°z¢m ol arak GreenAr me
-al ékmasé anl atel acakter
Dicle Nehifralgatajéenée daral déjé késeéemda, Gr
Kevli dolgu uygulamaseéyla birlikte kullanél a
2.YAPI LAN ¢ALI KMALAR
Proje kapsamenda uygul ama yapeéelacak alan gez
kritik olduju tespit edilen kesime ait en K
GreenArme il e yapeéelacak kesi m ryi¢grkdsee kdiirf i na- |
mod el dejerlendirilmiktir. Akaj] édaki Kekil |l
uygul amaseé yapél madan texkkil edilirse (keki
uygul anérsa (keki/l 3) nasel bir fayda sajl an

4 52800 528,30 INSAAT SONU DOLGU UST SINIRI DOIgu "e Yapllan KeSIt

525,00 SU SEVIYESI 525,00

e s

— (o]

£

510.00 g

= E

500.00 g

495,00 ‘ 'ﬁ g

S e KUM-CAKIL DOLGU 2

s : { g

e HARCLI TAS poéu Q

ﬁ HARCLI TAS DOLGU

460.00 i ‘

‘ Jolgu Yaplacak Kesim 140-145 mt

kekiKlorzaima Dol gusu GreenArme Uygul amaseé
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— [ 528.30 INSAAT SONU DOLGU UST SINIRI H .
P — su sEvESI 52500 GreenArme ve Dolgu lle Yapilan Kesit

520,00
515,00

|71 MsEw poLcu
sos00] ‘ KUA=GAKIL
o000 | i

} -
485,00 £ <
3 i7|i &y v " K

490,00 | HARCLITAS uiu‘ J !‘\|\ 'M =q; Ag‘!! !;Oi CU

2 AL W BTl s

4

485,00

Derivasyon Kanali Cekme Sinin

HARGL| TAS BOVGUS,
-480.00 | A T
ATS.00 . ’ % e
MMLD@ ™ 2 é 3 3, ﬁ #’fz’-” o
N
6500 DOLOMTIK KIREGTAS *3;5‘45"’3:54 % 9750 0:0:9, H A

450.00

Jolqu Yapilacak Kesim 110115 mt

kekiKlord3iama Dol gusunun GreenAr me Uygul am:

Yapeéel an kesit -aléexkmasénda a-¢ék-a g°r¢ldej ¢
yapél madan tekkildoeldgu meaepujduurDimaulnela Nehri 6n
kapat maktadeéer . Ayr éca yine bu dolgu topuju
°rt ¢l mesi i stenmeyen Akajé kehirde belli kées
GreenAr me uygulamasénénekull apethacaj]l enakeéesiam
-al ékmal ar é pl an czerine I Kl enmi Kt ir. Yapeée
b°l gesinde, gerek derivasyon hatteéene, ger eks
kesim erde GreenArme ddevarl enmaséi ger dAktaij éd
arazinin uygulama °ncesi durumu (kekil 4) , G
koruma dol gusunun GreenAr me ol madan dol gu ol
uygul ama al anéediéek{hbefgg?t¢binek

Al/\uwmﬁwlmuf"‘ 7
s SInES )

kekiUygaul ama ¥ncesi Mevcut Durumu G°ster
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kekiGr eenArme ve Dol gu Uygul amasé Yer |
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DICLE NEHRi

| / |

77 7] KORUMA YAPISININ YALNIZ DOLGU ILE
// YAPILAS| DURUMUNDA SEV TOPUGUNUN
- ETKILEYECEGI ILAVE ALAN

kekiGr e@nAr me Uygul anmamasé Durumunda kev T

l an prajlekwmal aradai a-éeék-a g°r ¢l mgkt gr
usunda GreenArme uygul amasé, birlikte
kabul edilebilir sénérlara -ekilebilr
| acak, vaheyadre ka&mal é ve Kkorunmasé ger e
| mamék ol acaktéeéer

<< o a<
Y —0o W
TT ® —O
oD SQ O
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21Kesit Hesaplare ve Yapeélan Kabull er

Koruma dol gusu yerlekimi ve kesitin dar ol du
karar wverildikten-socnradi kesiet veegaemledr és,t abi
Hesaplarda Adamaénén MSEW ve RESSA progr aml ;
Pl axis programéndan faydal anél mexteér

KORUMA KAPLAMASI HESAP KESTI

GREENARME UST DUVAR h=15 mt

GREENARME ALT DUVAR h=10 mt

- .
= aEOGRID IYILESTIRME PLATFORMU h=3 mt

GRANUL DOLGU h=37 mt

TOPUK DOLGUSU

k e k .iKbrum& Kaplama Dolgu Hesap Kesiti
al ard
énd
el m

GreenArme duvarnu%%gulvamasbeé uizam
ul akan, kopma uzamasé %7 in al¢t
I n

y ¢ ksek
S an
PES SECUGRKD geogridleri kul | a

I vV e

e

o

K

Baraj g°l suyu maksi mum s evi gueaygdvdesidakompie] é nd a
suyla dolacajé i1i-in bu durum hesaplarda ayr
Depremli Kuru Durum, Depremsiz Kuru Durum, Depremli Su Dolu Durum, Depremsiz Su
Dol u Durum ol acak kKkekil deedgénekle glbvenhnak
sajl anméxtér

GreenArme °n y¢gzeyinde ej i mi vermek i -in ha
girik -ékekénée engell emeyen ve suyun -ékeéexeée
geotekstil il errboh-al ama yapeéel méxkt e

GreenAr me duvar °n y¢zey boh-asénén arkaseér
dol durul muktur
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GreenArme dol gusu ol arak non plastik ©°zelliKk
kull anél mexktér

Donatél & duvar gtuydedPndedbasaj gnrsuitusu bo
ol acajeée i-in, bel | i aral éklarla keérmataktan
suyun bokal masé esnasénda geci kme ol mayacak

Dicl e Nehrhii |l leardee&@ i ve edi |l er ek, tabanda seéeyeé
kekil 76de g°r ¢l dej ¢ gibi 500 kotuna kadar |
plan olukturul du.

500 kotuna kadar granul dol ge tTabkkRamanahak
seddesi i1le Topuk dol gusu daha iri kaya dol g
dol gu °n késména kaya tahki mat il e kapl ama
GreenAr me duvar yéekeéeneg dolgubigerepilmaef akmasa
geogrid ile bir platform texkkil edildi. B°yl
dol gu ¢zerine daha genik bir alandan aktar é
al énmaseé sajl ama&dasBmenyiPhekltei kmg at a ahki mat

kekiDlol&u Kesiminin Kaya Tahki mat Yap

22GreenAr me Duvar Uygul amaseé

Proje -al ékmal arée tamamlandéktan sonra Green
503 kotuar aséndaki geogrid takviyeli dolgu i mal a
Bu kesi mde geogridler projede belirtilen b

sabitlenmiktir ve ¢(zerine dolgusu yapél méext e
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kekiGeoggrid Takviyel:] Dol gu Kmal at

t amaml an

e p 503 kot una |
haser -el ikl

er yerl exktiri

keki.Gr d®n Ar me Duvar ¥n Y¢izey texkkil

KI k Sér a GreenAr me uygul amaséndan sonr a d
I

i
tamaml anarak GreenAr me duvar i malateée y¢gkseldt
ar al ékalpaérlldeé ve sékeéexktereéelde. Her tabakada s
sulama tedbirl eri aléende ve dol gunun opti mum
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Onuncu Ul usal Geosentetikler Konferansé
2930 Mayes 2025, Bojazi - iniversitesi, Kstanbul

keki.Gr ddnAr me Duvar Uygul ama Akamal

GreenArme duvar | makane vyalp@&mmmatlaomtaumh da ét ¢ m
i dol gul aréda yapel de G¢enl ¢k 4000 m3 e v a
Ssu tutma zamanénén yaklakmaséyla organize b
devam etti.

GreenArmed u v a r i mal atéenén tercih edilmesiyle, u
devam edebiliyor ol masénén avantajéndan da f
her hangi bir i malatén bekl emesi ne gekledkr &,al m
yakam al anlaré da suyun olumsuz etkisinden
kotunda bir palye bérakeéel arak i malata devam

sajl aml ékta koruma yapésé tamamlandéeé.
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