57... Tiirkiye Jeoloji Kurultayr 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
57th Geological Congress of Turkey

JEOTEKNIK OTURUMU
GEOTECHNICS SESSION

168



57,. Tiirkiye Jeoloji Kurultay: 08-12 Mart 2004, MTA Kiiltiir Sitesi, Ankara
,57th Geological Congress of Turkey

Oligosen, - Miyosen Yasl Jipslerim Krip Davramsimn incelenmesi ve
Degerlendirilmesi

Investigation And Evaluation Of Creep Behaviour Of Oligocéne-Miocene
Gypsum Deposits

Ahmet Turan ARSLAN*, Taner AYDOGMUS**, Yalgin KOCA*** ve

Ergen KARACAN****

* Dokuz Eyliil Universitesi Deprem Arastirma ve Uygulama Merkezi,, Tinaztepe, [ZMIR
ahmet arslan @deu. edu.tr

**71/ Bergakademie Freiberg, Institut fiir Geotechnik, Freiberg, Deutschland
taner. aydogmus @ ifgt tu-freiberg. de

***Dokuz Eyliil Universitesi Miih. Fak, Jeoloji Miih. Bél., [ZMIRyalcin.koca%deu.edu.tr
**xxCymhuriyet Universitesi Miih. Fak,,, Jeoloji Miih.. Bol., S./VAS ekaracan@cwnhuriyet.edu.tr

(/74

Jips ve anhidrit iceren kayalar Cizerine insa edilmis miihendislik yapilarinda ciddi sorunlarla
karsilasilmaktadir. Bu sorunlarin basglicalan; karstlasma, su kagaklari, borulanma, temel tasima
giiciinde .zamanla olusan azalma, farkli oturma, ve anhidiiL- jips doniisiimii sirasinda ortaya cikan
sisme basinglaridir. Sivas, Orta Anadolu'da son yillarda hizli bir gelisme ve kalkinma siireci icine
girmis bir il olup zeminin buyiik bir kismu jipslerle ortiiltidiir. Bu ilde gelecekte agilacak yeni yerlesim
alanlari, yapilacak sanayi, kompleksleri, tiineller ve barajlarin bir kisminin bu jipsli birimler tlizerinde
inga, edilmesinin kacinilmaz oldugu, bilinmektedir. Bu nedenlerden dolayi jips gibi evaporitik kayalarin
zamana bagli davranig karakteristikleri ve dayanim parametrelerinin arastirilarak, elde edilecek
verilerin mithendislik jeolojisi, yertistii ve yeralti insaat uygulamalari acisindan degerlendirilmesi
blytik onem tasimaktadir. Bu c¢alismada, Sivas ilinden alinan jipslerin zamana bagli davranis
karakteristikleri ve dayanim parametrelerini belirlemek amaci ile tek eksenli ve li¢ eksenli gerilme
kosullarinda, degisik gerilme basamaklarinda yiliklemeler yapilmustir., Bu yiiklemeler tek eksenli" ve lig
eksenli kosullarda maksimum, sikisma dayanimi o in % 40, % 60 ve % 80" ine karsilik gelecek sekilde
uygulanmustir..  Yapilan tek eksenli ve 1 eksenli deneyler sonucunda, eksenel ve capsal
deformasyoniarin zamana gore degisimi, zamana bagh eksenel ve capsal krip orani, deformasyona
bagli eksenel ve ¢apsal krip orani ile ilgili parametreler belirlenmistir.

ABSTRACT

Serious geotechnical problems are experienced in the engineering structures built on gypsum and
anhydrite bearing rocks. These problems are karstification, water loss, piping, bearing capacity
reduction, differential settlement and the swelling pressures occuring during the anhydrite - gypsum
transformation« Sivas is one of the fast growing and developing cities in Central Anatolia. Majority of
"the Sivas province is covered by gypsum bearing rocks.. Major structures such as new dwelling sites,
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industrial complexes, tunnels and dams may to be built over the gypsum bearing unit in this provence.
Dueto these investigation &fthe time dependent behaviour' and strength parameters ofevaporitic rocks
such as gypsum are of prime importance far the engineering geological assessment and construction of
surface and. underground structures., In this study, fests are carried out on the gypsum samples
obtained from, the Sivas province., to determine their time dependent behaviour and strength
parameters, under uniaxial and triaxial loading conditions and varying stepped loading. The gypsum
samples are loaded to 40, 60, §0% of their maximum, uniaxial compressive strength. Time dependent
.axial and radyal deformation values, time dependent €txial and. radial creep ratio, and parameters
belong to the deformation dependent axial and. radial creep ratio are obtained from the uniaxial and.
triaxial tests. Based on the results of uniaxial and triaxial. tests variation of axial and. radial
deformations with time, time dependent axial and radial creep ratio, and deformation based axial and
radial creep rations have been determined,
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Tam cepheli "tiinel delme makineleri" (TBM) ile yapilan kazilar,, sagladiklar1 hiz ve maliyet avantajlari
nedeniyle son yillarda ulasim, sulama ve enerji amach projelerde yogun olarak kullanilmaktadir... Bu
yontemden eo iyi verimin alinabilmesi icin her TBM, arazideki, 6zel zemin kosullarina gore tasarlanir.
Acilacak tiinel glizergahinda yapilan jeoteknik incelemelerin sonucuna bagh olarak,, kullanilacak
makinenin giicli, itme kuvveti,, kesici tipi ve sayis1 gibi pek ¢ok Ozellik 6nceden belirlenerek, ilerleme
hiz1 tahmin edilmeye ¢alisilir.

Bu calismada DSI tarafindan halen, yapimi devam eden Ermenek Baraji ve HES insaat1 (Karaman)
kapsaminda yer alan enerji tiineli kazisi, 6mek, olarak segilmistir.,, Nihai capr. 5.60 m. ve toplam,
uzunlugu 8.600 m. olan. bu. tiinelin 8.064 miik kismu TBM ile acilmaktadir. Proje calismalart sirasinda
yapilan sondaj calismalarindan elde edilen jeolojik, kesite gore tiinel sirastyla kirectasi, ofiyolit ve filis
birimlerini kesmektedir., Bu birimlerin jeolojik (litolojik yapi, mineral icerigi, dokanaklar arast iligski ve
ayrisma durumu) ve jeomekanik oOzellikleri (yogunluk, suya doygunluk, siireksizlik, gozeneklilik,
mukavemet, ve gerilme degerleri) yapilan jeoteknik caligmalar neticesinde .belirlenmistir. S6z konusu
ornek cahismada,, hakim jeolojik kosullara bagh olarak tasarlanan TBM'in kazi1 oncesi hesaplanan
teorik ve kazi .sirasindaki gercek verimliligi (performansi ve ilerleme hizi) glizergah boyunca degisen
zemin kosullarinda incelenmistir.

ABSTRACT

Excavations by fiili face "tunnel boring machines" (TB"M) are extensively used at transportation»
watering and energy projects in recent years, due to their high progressive speed, and cost advantages.
Each TBM is designed for specific soil conditions at study area in order to get the maximum
performance., The power, pushing force, type and the number of cutters of TBM'., are designed
according to the geotechnical investigations performed through the proposed tunnel alignment
Therefore, progressive speed of the TBM is nearly estimated,,

In this study, energy tunnel excavation works, is selected as a case study under the ongoing Ermenek
(Karaman} Dam and HEPP construction, which is supervised by Slate Hydraulic Works (DSI). 3,064
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m"$ of 8.600 m long tunnel is being excavated by a TEM, which has 5.60 m of inner diameter.
Proposed tunnel alignment cuts the limestone, ophiolite and phylish series accordingly, based on the
geological section which was prepared during the project and- drilling works™ Geological (lithology,
mineral content, contact boundary interactions and alteration conditions) and the geomechanical
properties (density, water saturation, discontinuity, porosity,, compression and tension strength values)
of these units were identified after the geotechnical investigations. Within this case study, theoretical
and the real performances (progressive speed) of TBM was analysed along the varying soil conditions
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Tiinel agma makinelerin (TBM) performans analizinde anahtar parametreler intak (saglam) ve kaya
kiitle parametreleridir ki by parametreler; kayalarin basma-cekme dayanimi,, kaya kirilganhgi,, kaya.
kiitlelerinde ki catlak, takimlari,. siireksizlikler ve folyasyonlardir. Tiinel a¢ma makinelerinin
performansimin Onceden belirlenebilmesi, tilinelin zamaninda ve ekonomik sartlarda bitirilmesi
bakimindan 6nem arz eder., Son yillarda tamamlanan New York. (ABD) su. icme tiinelinden elde edilen
tinel acma makinesinin. (TBM) verileri., intak ve kiitle kaya parametreleri arasinda ¢ok katl r¢grezyon
analizi kullanilarak; intak ve kiitle kaya parametreleri ile TBM ilerleme hiz1 arasinda iligski gelistirildi.

ABSTRACT

The key parameters in all performance estimation analysis are various intact and mass rock
parameters, in particular rock strengths, joints, fractures, foliation, and brittleness. Accurate
prediction of Tunnel Boring Machine, (TBM) performance allows for more reMahle estimates of
project completion times and costs. Using the actual TBM, intact and 'mass rock property data from a
recently completed hard rock TBM project in New York City, USA, correlation of intact and mass rock
properties with TBM field data, was performed. So, Using commercial Statistical Software, multiple
regression analyses was. performed and the relationship was developed  based on TBM field data,

intact and mass rock properties..
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Yer seciminde birimlerin jeolojik ve jeoteknik oOzelliklerine gore bolgelendirme yapilarak yerlegime
uygunlugu, incelenmelidir. Kaman, ilcesi, Akpinar fayina, paralel kuzeybati-giineydogu dograltulu
Kirsehir fay takimindan, etkilen.mekt.edir. Birinci derece deprem bolgesinde bulunan inceleme alaninin.
1/5 000 olgekli miihendislik jeolojisi haritasi ile sismik ve mikrotremor galismalari yapilmistir.
Inceleme alaninda yashdan gence dogru Paleozoyik yashi kristalize kiregtasi, Kretase yash ayrismis
granit, Geg¢ Pliyosen ¢okellerl ile Kuvaterner aliivyon mevcuttur.

Birimlerin yatay ve diisey yondeki dagilimlari ile miithendislik jeolojisi o©zelliklerini belirlemek»
yeraltisuyu ve sivilagsma potansiyeli hakkinda bilgiler elde etmek, ince taneli zeminlerin kivami ve iri
-taneli zeminlerin sikiligini belirlemek, zemini temsil eden. Ornekler almak amaciyla 48 noktada
derinlikleri 3,0 m. ile 14.0 m arasinda degisen toplam 387,0 m temel sondaji il¢ derinligi 2,20 m ile
.3.00 m. arasinda degisen 12 noktada arastirma ¢ukuru agilmistir, 6rneklerin dogal su icerigi., tane boyu
dagilimi ve Atterberg limitleri ile konsolidasyonsuz-drenajsiz sartlarda ti¢ eksenli basing deneyi ile
kohezyon ve iccsel siirtiinme agcisi,, tek eksenli basing dayanimi ve konsolidasyon ozellikleri
belirlenmistir.

Paleozoyik yash kirectasinin tek eksenli basing dayanimi 78 -102 MPa arasinda olup, orta ve yiiksek
direncli kaya gurubuna girmektedir. Ayrigmig granit, zemin 6zelligi gostermekte olup, killi kum (SC)
ve killi ¢cakil (GC)'dir. Bu birimin SPTN,, darbe sayist 50" nin iizerindedir.

Ust Pliyosen ¢okelleri genel olarak diisiik piastisiteli inorganik kil (CLJ ve yiiksek plastisiteli inorganik
kil (CH)'den olugsmaktadir. Bu killerin icerisinde killi kum (SC) ve killi ¢akil (GC) mercekleri
bulunmaktadir. CH gurubu kilin LL degeri %51 ile %56 arasinda ve CL gurubu kilin ise %33 ile %43
arasinda degismekte olup, orta plastik ve ¢ok plastiktir. Her iki gurubun ortalama dogal birim hacim
agirligr 18 kN/m:', kohezyonu 51 kPa ve icsel siirtiinme agis1 7 derecedir. Likidite indisi 0,11. ile 0.13
arasinda degigsmektedir.

Mikrotremor verilerine gore Gec Pliyosen birimlerinin zemin hakim titresim peryodu 0.22 s. ile 0.30 s.
arasinda ve biiylitme faktori 1.0 ile 1.8 arasinda. Aliivyonun zemin hakim titresim peryodu 0.20 s. ile
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0.28 s. arasinda ve bilyiitme faktorii 2.11 ile 3.20 arasinda, degismektedir. Kiregtaglarinin ve ayrigmis
granitin S dalga hiz1 400*m/s ile 700 m/s arasinda, Geg¢ Pliyosen birimlerinin 200 m/s ile 300 m/s
arasinda ve aliivyonun ise 100 m/s ile - 200 m/s arasinda degismektedir.

Kuru. dere yataklari odaki aliivyon kalinligr en fazla 4.20 metredir ve yeralti suyu bulunmamaktadir.
Birimlerde sivilagsma tehlikesi beklenmemektedir... Jeolojik, jeoteknik ve sismik oOzelliklerine gore
inceleme alani, yerlesime "uygun" ve "0nlemli" olmak iizere iki bolgeye ayrilmistir.

ABSTRACT

Microzonation studies of the settlement areas should be based on the geotechnical properties of soils
and rocks, Kaman province is effected by NW-SFE oriented Kirsehirfault set Méich is parallel to
Akpinar fault. 1/5000 scaled engineering geological map of the province- which is located in first
degree earthquake zone was consructed and the seismic and microtrernor properties were studied.
Geological units of the study area include crystallized limestone of Paleozoic, highly ‘altered granite of
Cretaceous, Upper Pliocene depo site s and the Quaternary alluvium.

43 boreholes with depths ranging between 3.00 m and 14.00m (387.0 m length in total) and 12 trial
pits with depths ranging between 2.20 m and 3.00 in were drilled in the study area in order to
investigate the engineering properties both in horizontal and- vertical directions,, ground water
conditions, plasticity of fine grained soils, stiffness of coarse grained soils and the liquefaction
potential. Natural water content, grain size distribution, Atterberg limits, triaxial compression in
undrained and unconsolidated conditions, cohesion,, intentai friction angle, unconfined compression
strength and the consolidation properties of soils were examined on the samples taken front the study
area.

Uniaxial compressive strengths of the Paleozoic limestone range between 78-120 M Pa, which is
considered as medium-high strength rock., Highly altered granite exhibits soil properties and it is
classified as silty sand (SC) and clayey gravel (GC) having SPTN30value exceeding over 50..

The Pliocene deposits were generally of low plasticity? inorganic clay (CL) and high plasticity
inorganic clay (CH). They include lences of clayey sand (SC) and clayey gravel (GC). LL values of the
CM clay range between 51%-569c while the LL values of the CL clay range between 33%-48% which
a? e considered as medium plastic it)"' and high plasticity. Both units have nearly the same values of
natural unit weight (18.0 kNfnf), cohesion (51 kPa) and the internal friction angle (7°), Liquidity index
(L) of the soil varies between 0.11 and 0.13. Natural water content of the SC and GC type soils is in
15% average..

Based- on the microtremor datas, the dominant vibration period of the Upper Pliocene deposits varies
between 0.22 s and 030 s and the amplification ratio is between 1.0-1,.8., The dominant vibration-
period ranges between 0.20 s and 0:28 s while the amplification ratio ranges between 2,. 11-320. The
shear wave velocity of both the limestone and the altered granite varies between 400 m/s and 700 m/s,
while 100m/s and 200 m/s of the alluvium.

Maximum thickness of the alluvial sequence in the dry river beds is 4.20 m and no groundwater is
encountered,. The soils are not liquefaction-susceptible., Based on the geological, geotechnical and
seismological studies, the study area- is divided two different zones namely, 'suitable” and
"improvable "for settlement,
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Van ilinin .yerlesim tarihi 6000 yil 6ncesine dayamir.. Bu yerlesimlerin bir boliimii ova (toprak zemin)
uzerine kurulmusgken,, bir bolimil de kaya zemin tizerindedir. 18, yy'a. kadar ova igerisine yapilmis tim
yapilarin, depremle yikilip ve/veya battigi ve selle ortiildligiinii kazilar belgelemektedir. Van Kalesi,

Cavustepe, Kiztasi, Sahmaran kanali. Akdarilar kilisesi gibi kaya lizerine yerlestirilen yapilar bugiin
hala ilkselligini yaklasik olarak korumaktadir.

Van,,, bugiin icin, yikilmig ve/veya gdmiilmiis yapilarin oldugu ova lizerinde genislemektedir.. Bildiri
konusu olan bu ¢alismayla, islenmekte olan biiyiik bir kiyin1 durdurulmustur. Devletin son planladigi
toplu konut projesi icin de, bu calisma, oncesinde, ovadan yer satin alinmisti. Bu toplu konut projesi, bu.
calisma sonucu ile travertenlerden olusan Erdemkent sahasina kaydirilmistir. Depremlerin, ova
zeminde yaptig1 yikim; tarihi ve giincel depremlere bakildiginda olduk¢a agiktir. Kaya zemin ile ova
zemin arasindaki temel farkliliklar sunlardir.

(a) Kaya zeminin elastik modiilii,, sulu toprak zemininkinden en az 1000 kat daha biiyiiktir, E
10’ kPa iken, E > 10" MPa 'dir.

(b) Yap1 temelinde normal etkin gerilme (ZJ) 200 kPa alindiginda etkin kayma dayanimi
[D nkohezyon (e), kPa; igsel siirttinme acisi (3), (°)}=e+iv*ianl] en az 100 kat daha fazladr,

loprak_

traveTten

(c) Swvilagsma; deprem aninda suya doygun topragin bulamac¢ haline gecmesidir. Dolayisiyla
% — c + <7 "tan(f> denkligindeki ¢ ve & degerleri sifira yaklastigindan kayma dayanimi da sifir
olmaktadir.. Bu fiziksel degisimin kaya zeminde olma olasilig1 sifirdir.

(d) Kum sirtlari, kum konileri, kum hendekleri, cek-ac golleri, ¢okmeler vb. jeoteknik sorunlarin.
tamami, toprak (ova.) zeminlere 0zgiidur.

(e) Kaya zeminlerin tersine, toprak zeminler sismik hizlarmin diisiik ve dalga, boylarinin genis olmasi
nedeniyle genlik biliylimesine neden olurlar.

Tarihi ve giincel depremler incelendiginde; depreme ve sele bagh yikimlarur%99,9*u ovalik ve toprak
zeminlerde gerceklesmektedir. Ayrica bu zeminlerin tarim disinda kullanilmasi anayasal suctur (Madde
43-46). Van ilinin ova icerisinde biiyiimesi durdurulup, Erdemkent kayalik sahasina cikariimasi
basarilmistir.

Anahtar kelimeler : Deprem, Jeoteknik, Ova, Cevre, Anut.
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ABSTRACT

Van settlement dates back 6000 years,. Some of them have been located within fertile soil grounds
whereas the rest on rocky grounds. Historical siie investigation works depicted that all the buildings
constructed till the end of the 18" century infertile plains have been destroyed completely and/or sank
down by earthquake and/or flood. Van castle, Cavustepe, Kiztasi, Sahmaran canal, Akdamar Church
complex and the other structures erected on rocky grounds still preserve more or less their original
identity.

Presently the Van enlarges over the fertile Van plains where numerous ancient buildings are buried.
However, the YYU - ED U group has struggled to convince decision makers to stop invading the plains
and move to the Erdemkent areas where travertine crops out everywhere. This study constitutes a

major part of the Van city planning work, Tlie historical and recent earthquakes proved that they
destroy buildings if they are in/on soil grounds.. Rock and soil differ in terms of the items given below:

(D) Elastic deformation constant (E, kN/nf) of rock is at least 1000 times greater that of wet soil. E g=-
I(f kPa iken, E > I(f kPa 'dir..

imvmine

(2) Effective shear strength of rock [Z Z cohesion (c), kPa; internal friction angle (Z), (°)j=c+ 1,/ *
tanZ] assuming that the effective normal stress (Z.,') at foundation is at least 1000 times greater.

(3) Liquefaction occurs only and only in wet soil grounds. While the earthquake, the wet ground turns

into liquid. Thus, the values ofc and 1 in the equation t = ¢ + <7 'tan0 turn into zero.

(4) Sand ridges, sand cones, sand trenches, pull-apart lakes, subsidence, and the other geotechnical
problems are only peculiar to the wet soil grounds,

(5) Rocky? grounds, in contrast to- soil ground, have high seismic velocity with high frequency. Hence,
rocky grounds impede magnification of the seismic wave amplitude.

Based upon the earthquake experience in Turkey, one can conclude that earthquakes and floods harm
to structures if they are in/on wet soil grounds.. This study enhanced- decision makers and designers to
move new settlement from, fertile plain to the Erdemkent area characterized by rocks.,

Key words: Earthquake; Geotechnics; Plain; Environment; Monument
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