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Yeni Nesil Niikleer Enerji Santrali Projeleri icin Gergeklestirilen
Jeolojik-Jeoteknik Arastirmalar

Jeffrey Bachhuber, William Lettis ve Ozgiir Kozaci

William Lettis & Associates, Inc. Walnut Creek, CA 94596, USA
(E-posta: bachhuber@lettis.com)

Giiniimiizde ¢evreye duyarh enerji kaynaklarina duyulan ilgi, yiiksek petrol fiyatlar, ve ileri giivenlik
ozelliklerine sahip ekonomik santrallerin gelistirilmis olmasindan dolay: niikleer enerjiye olan ilgi
diinya ¢apinda artmaktadir. Cagdas niikleer santral tasarimindaki temel degisikliklerden biri, standart
santral tasarimui anlayisidir. Standart santral tasarimi daha sonra da ‘Tasarim Kontrol Belgesi’ne
(TKB) entegre edilen bir seri yerel cevresel 6zelliklere bagh yapilan kabullenmeler tizerine gelistirilir.
TKB; calisma alan1 homojenlik derecesi, maksimum kabul edilebilir toplam ve farkli oturma
miktarlari ile tasima giicii gibi degerleri belirleyerek yerel jeolojik-jeoteknik durumun kabul edilebilir
sinirlarint belirler. S6z konusu TKB parametreleri, daha sonra son derece kapsamli bir inceleme
programi vasitasi ile gercek yerel dzelliklerle karsilastirihir. Cagdas standart niikleer santral tasarimlari
nihai santral yiizey noktasindan itibaren 15-20 m kalinliga ulasan masif betonarme temel tzerine
kurulu merkezi bir giivenlige dayali reaktor gekirdegini ve kontrol binasini igerir. Yerel dzelliklerin ve
dinamik sismik tepkime degerlendirmesini, temeli ve yerel tepkime etki zonunu kapsayan, tipik olarak
santral temel betonundan sonra 100 ile 150 m derinlige ulasan sondajlarin yapilmasimi gerektirir.
Genellikle santral temeli altindaki jeolojik yapilarin belirlenmesi i¢in hem disey, hem de egimli
sondajlar gereklidir.

Sekiz kilomete ¢apindaki bir alan igin yerel 6zellikler ayrintili jeolojik ve jeomorfolojik haritalama,
arastirma sondajlar1, ve test gukurlari, sondajli ve ylizeyden jeofizik ol¢timler ile arazi ve laboratuvar
deneylerini igeren yeriisti ve yeralt arastirma programi aracih@iyla tanimmlanir. Calisma alani
incelemeleri iti¢ temel konuya odaklidir: (1) ciddi jeolojik/jeoteknik tehlikelerin (ylizey faylanmasi,
karstlasma, sivilasma vb.) yoklugunun belgelenmesi, (2) yer hareketlerine tepkime oranlarinin ve
zemin-yap1 etkilesimi analizleri i¢in ¢aligma alami dinamik ozelliklerinin (kesme dalga hizlari,
malzeme kesme modilii, ve ani yiikleme, vb.) tanimlanmasi, (3) jeoteknik temel oOzelliklerinin
degerlendirilmesi.

Saglam ve savunulabilir yerel 6zelliklerin belirlenmesi i¢in son derece ayrintili sondaj goriintiileme ve
jeofizik test yontemlerini de igeren bir seri yeni teknik gelistirilmistir. Giivenlik analizleri ve santral
tasarimi i¢in gerekli olan anahtar parametreler ¢ok sayida, biribirinden bagimsiz yontem yardimiyla
karsilastirma ve onaylama amaglanarak yapilir. Onemli bir yere sahip olan derleme islemi, ¢alisma
alani i¢in toplanmis olan jeolojik/stratigrafik birimlerin ¢ boyutlu jeolojik model ve c¢alisma
alanindaki 6zelliklerin diisey ve yanal degisimlerinin korelasyonu ile saglanir.

Calisma alanimin ozellikleri TKB girdi parametreleri ile karsilastirilarak standart santralin tiim yerel
ozelliklere uygunlugu belgelenir. Bazi yerel parametrelerin standart santral kosullar kapsamu igerisine
diismemesi durumda ise, c¢aligma alanina 6zgii ‘Zemin-Yapt Etkilesimi® (ZYE) analizleri ve
muhtemelen yerel diizenlemeler gerekebilir.

Bu calismada; pek¢ok yeni niikleer santral ¢alismasindan statik ve dinamik o6zelliklerin arazide
belirlenmesi, ve diisey ve yanal jeolojik/jeoteknik degisim modellerinin tanimlanmasi ve yonetimi i¢in

gelistirilmis son teknoloji tirtinii teknikler, 6rnek olarak sunulmaktadir.

Anahtar Sozciikler: niikleer enerji santralleri, jeolojik tehlikeler, lisanslama
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Site Geologic-Geotechnical Characterization for New Generation
Nuclear Plant Projects

Jeffrey Bachhuber, William Lettis & Ozgiir Kozaci

William Lettis & Associates, Inc. Walnut Creek, CA 94596, USA
(E-mail: bachhuber@lettis.com)

Currently, there is high global interest for development of new nuclear power plants driven by a desire
for green energy, high oil prices, and improved economics and safety of modern plant designs. A
fundamental change in the design of modern nuclear plants is the concept of a standard plant design.
The standard plant design is based on assumptions regarding a range of site conditions that are then
incorporated into the design of the plant through a ‘Design Control Document” (DCD). The DCD
defines the bounding assumptions pertaining to the site geologic-geotechnical conditions, including
degree of site uniformity, maximum allowable total and differential settlement, minimum bearing
capacity, etc. These DCD site parameters are then compared against actual site characteristics defined
by a comprehensive investigation program. Modern standard nuclear plant designs incorporate a
centralized ‘safety-related’ reactor core and control building that are supported on massive concrete
mat foundations that extend 15 to 25 m below final plant surface grade. Evaluation of site
characteristics and seismic dynamic response require borings to extend through the foundation and site
response influence zone, typically 100 to 150 m below the elevation of the plant foundation mat. Both
vertical and inclined borings are often necessary to evaluate possible geologic structures under the
plant footprint zone.

Site characteristics within an 8 km radius of the site are defined by a detailed surface and subsurface
exploration program incorporating detailed geologic and geomorphic mapping, exploratory borings
and test pits, borehole and surface geophysical testing, and field and laboratory testing. The site
investigation program focuses on three elements: (1) documentation of a lack of significant
geologic/geotechnical hazards (e.g., surface faulting, karst, liquefaction), (2) definition of site dynamic
properties (e.g., shear wave velocity, material shear modulus and damping) for ground motion site
response and soil-structure interaction analyses; and, (3) evaluation of geotechnical foundation
properties.

A range of new methods and techniques are available to provide robust and defendable
characterization of site properties, including sophisticated borehole imaging and geophysical test
methods. Key parameters for safety analyses and plant design are obtained by multiple independent
methods to provide cross-checking and verification. An important consolidation process for collected
site data is correlation with site geologic/stratigraphic units to develop a 3-D geologic model, and
identification of vertical and lateral variability of properties across the site.

Site characteristics are compared against the design DCD input parameters to document that the
standard plant envelopes all site conditions. If certain site parameters do not fall within the envelope of
standard plant conditions, then a site-specific soil-structure interaction (SSI) analyses, and possible
site-specific modifications, may be required.

Case study examples from several recent new nuclear plant site studies are presented. These examples
focus on integration of multiple state-of-art techniques to define static and dynamic properties in the
field, and definition and treatment of vertical and lateral variability in the site geologic/geotechnical
model.

Key Words: nuclear power plants, geohazards, licensing
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Yeni Nesil Niikleer Enerji Santrali Projeleri Icin
Gergceklestirilen Sismik Arastirmalar

Jeffrey Bachhuber, William Lettis ve Ozgiir Kozaci

William Lettis & Associates, Inc. Walnut Creek, CA 94596, USA
(E-posta: bachhuber@lettis.com)

Giiniimuzde ¢evreye duyarh enerji kaynaklarina duyulan ilgi, yiiksek petrol fiyatlari, ve tleri giiven'ik
ozelliklerine sahip ekonomik santrallerin gelistirilmis olmasindan dolay: niikleer enerjiye olan ilgi
diinya ¢apinda artmaktadir. Niikleer enerji santrallerinde meydana gelebilecek bir hasar son derece
vahim sonuglar dogurabileceginden santral yeri belirleme, lisanslama, ve tasarim asamalarinda, sismik
tehlike degerlendirme ¢aligsmalarina azami hassasiyet gosterilmekte ve uygulamalar denetlenmektedir.

Niikleer santral projeleri i¢in gergeklestirilen sismik yer hareketi degerlendirmeleri son yirmi yilda
evrimleserek deterministik yaklasimdan daha karmasik ve detayli performansa dayal degerlendime
yaklagimina déniigmiistiir. Kaya hareketi ‘Olasiliksal Sismik Tehlike Degerlendirmesi’ (OSTD) yerel
ve bolgesel faylar ile deprem kusaklarini temel alarak, olasi depremlerde meydana gelebilecek
kuvvetli yer sarsintilarini degerlendirmeye temel olusturur. Niikleer enerji santralleri i¢in genel kabul
gormiis olasilik seviyeleri 10.000 ile 100.000 yillik tekrarlanma arahiklan diizeyindedir.

Bolgesel faylar ve deprem kaynaklar sismik kaynak modellemeleri kullanilarak genel olarak santral
yerini merkez alan 320 km ¢aph dairesel bir alan igerisinde tanimlanir. Konum, aktivite, ve maksimum
deprem buytiklugii ile ilgili hata paylari agik bir sekilde tanimlanarak OSTD’ye entegre edilir. Santral
yerine yakin mesafedeki (6rnegin 40 km) diri faylar ya da deformasyon kusaklari, olasi yiizey
deformasyonu tehlikeleri géz 6niine alinarak paleosismik hendek kazilari ve jeolojik yaslandirma
yontemleri kullanilarak incelenir.

Yerel tepki analizleri, calisma alanina 6zgii sismik dalga yayilim 6zellikleri belirlenerek yapilir. Séz
konusu yerel tepki analizleri, sismik dalgalarin anakaya ortamindan ayrismis kayaya ve hatta
taslasmamis ¢okel ortaminda ilerleme etkilerini modelleyerek ¢aligma alanina 6zgii dinamik 6zellikleri
(makaslama dalgasi hizlari, makaslama modiilii, ve yiikleme vb.) icerir. Yerel tepki analizlerinin
onemli ozellikleri arasinda potansiyel havza etkileri ve ozelliklerin yanal degisimleri (degisken
anakaya derinligi, altivyal ¢okel yanal gegisleri vb.) bulunur. Yerel 6zelliklerde gozlenen degisimler,
bir tir rastlantisallik islemi uygulanarak kaya hareketi OSTD igin belirlenmis olasihklarin tutarhiliklar
acisindan dikkate alinarak hasaplamalara katilir.

GCalisma alanina 6zgii yer hareketi analiz sonuglar ¢agdas standart santral tasarimu icin kullanilan
‘Onaylanmis  Sismik  Tasarim Etkime Degerleri’ (OSTED) ile karsilastirilarak tiim deger
araliklarindaki sismik yer hareketlerinin kapsanmast saglanir. OSTED de bir asilma sz konusu
oldugu taktirde ise, ¢alisma alanina 6zgii ‘Zemin-Yap1 Etkilesimi’ (ZYE) analizleri ve muhtemelen
yerel dizenlemeler gerekebilir.

Bu bildiride, pekgok yeni niikleer santral yeri ¢alismalardan ornekler sunulmustur. S6z konusu
ornekler; giivenilir sismik kaynak modellerinin gelistirilmesi, OSTD ve yerel tepki analizlerindeki hata

paylarmin degerlendirilmesi ve denetim mekanizmalarinin odak noktalari tizerinde yogunlasmaktadir.

Anahtar Sozciikler: niikleer enerji santralleri, sismik kaynak tanimlamasi, sismik tehlike
degerlendirmesi
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Seismic Characterization for New Generation Nuclear Plant Projects

Jeffrey Bachhuber, William Lettis & Ozgiir Kozac1

William Lettis & Associates, Inc. Walnut Creek, CA 94596, USA
(E-mail: bachhuber@lettis.com)

Currently, there is high global interest for development of new nuclear power plants driven by a desire
for green energy, high oil prices, and improved economics and safety of modern plant designs.
Because the consequences of a nuclear plant failure are potentially great, a high level of concern and
regulatory oversight are focused on seismic hazard assessment during plant siting, licensing, and
design phases.

Seismic ground motion assessment for nuclear plant projects has evolved over the past two decades
from a deterministic-based approach, to a sophisticated performance-based approach. A rock motion
Probabilistic Seismic Hazard Assessment (PSHA), fully accounting for local and regional faults and
earthquake source zones, forms the basis for evaluating potential earthquake ground motions. Typical
probability levels considered for nuclear power plant studies are on the order of 10,000 to 100,000
year recurrence interval.

Regional faults and earthquake sources are defined in a seismic source model that typically
incorporates a circular region extending 320 km in radius from the plant site. Uncertainties regarding
the location, activity, and maximum magnitude earthquake are explicitly defined and incorporated into
the PSHA. Active faults or deformation zones within close proximity to the site (e.g., 40 km) are
evaluated with regard to potential surface deformation hazard at the site by detailed geologic studies,
incorporating paleoseismic trenching and geochronology studies.

Site response analyses are performed to account for site-specific seismic wave transmission properties.
These site response analyses model the effects of seismic wave propagation from hard bedrock up
through weathered rock and/or soil, and incorporate the specific site dynamic properties (e.g., shear
wave velocity, shear modulus and damping). Important aspects of the site response analyses include
evaluation of potential basin effects, and lateral variability of properties (e.g., variable depth to rock,
interfingering alluvial strata). Variability of site characteristics is treated by incorporating a
randomization process, with care to maintain consistent treatment of probability determined for the
PSHA rock motions.

The resulting site-specific ground motions are compared against the Certified Seismic Design
Response Spectra (CSDRS) used for design of the modern standardized plant to ensure that the
seismic ground motions throughout the entire spectral range of interest are enveloped. If an
exceedence of the CSDRS is identified, then a site-specific soil-structure interaction (SSI) analyses,
and possible site-specific modifications, may be required.

In this study, case study examples from several recent new nuclear plant site studies are presented. The
case study examples focus on development of a robust seismic source model, treatment of uncertainty

for'the PSHA and site response analyses, and regulatory review focus issues.

Key Words: nuclear power plants, seismic source characterization, seismic hazard assessment
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Zemin Sivilasmasina Karsi Tas Kolon Uygulama Yoénteminin
Sonlu Elemanlar Analiziyle Modellenmesi

Levent Selguk ve Kamil Kayabali

Ankara Universitesi, Miihendislik Fakiiltesi Jeoloji Miihendisligi Boliimii,
06100 Tandogan, Ankara (E-posta: Levent.Selcuk@eng.ankara.edu.tr)

Deprem  sirasinda  meydana gelen kayiplarin = 6nemli  bir kismi  zemin sivilasmasindan
kaynaklanmaktadir. Miihendislik yapilarinin tasariminda ve insasinda gelecekte karsilasilabilecek
sivilagma kokenli hasarlarin en aza indirilebilmesi igin yaygin uygulama, sivilasabilir zeminler basta
olmak tzere sorunlu zeminlerden ka¢inmakur. Ancak, halihazirda sivilasabilir zeminler tzerine
kurulmus yerlesim birimlerinin bagka yerlere nakledilmesindeki ekonomik, sosyolojik ve benzeri
giigliiklerden dolay1, zemin iyilestirme ¢alismalarinin yapilmasi zorunlu hale gelmistir. Bu iyilestirme
yontemlerin esas hedefi, deprem sirasinda gelisen asirt bosluk suyu basincini 6nlemektir. Bu amacla,
dogal durumuna oranla zeminin sikihigr arttirilmakta ve/veya drenaj kapasitesi gelistirilmektedir.

Vibro sistemlerle zemine uygulanan tas kolon ¢alismalarinda zeminin hem drenaj kapasitesi hem de
rolatif stkiligr arttinlmaktadir. Onceki ¢alismalarda dren sistemleri dikkate alinarak, deprem sirasinda
geligen ve yayilan bosluk suyu basincinin zemin igersindeki dagilimi aragtirnilmistir. Vibro sistemlerle
yapilan tas kolon galismalarinda, zeminin vibro teknikler etkisiyle yatay yonde sikilastirilmasi soz
konusudur. Bu sikilagtirilma miktari, olusturulan kolonlara yakin mesafelerde etkili olmakla birlikte.
delginin (titrestiricinin) etki mesafesi boyunca azalmaktadir. Zeminin yatay yondeki bu yogunluk
farkliliklari, stiphesiz deprem sirasinda gelisen ve yayilan bosluk suyu basincini etkilemektedir. Vibro
sistemlerle, sivilasma kaynakli hasarlarnin azaltilmasi amaciyla yapilan ilk calismalar 1970’11 yillara
dayanmasina ragmen, bu sistemlerin gerek drenaj 6zelligini gerekse sikilastirma ozelligini birlikte ele
alan bir tasarim yontemi bulunmamaktadir. 17 Agustos 1999 Goleiik depreminden sonra ayakta
kalabilmis fakat kumlu zemin iizerine insa edilmis yapilarin temelinde ve yakin civarinda yaygmn
olarak tas kolonlar inga edilmistir. Ancak, bunlarin insasinda bilinen herhangi bir tasarim ol¢titii
uygulanmamig, miihendislerin énceki tecriibelerine dayandirilmustir.

Bu ¢aliymada tas kolonlarin sikilastirma ve drenaj ozellikleri dikkate alarak, zeminde gelisen ve
yayilan bosluk suyu basincimin dagilimini analiz edebilecek bir bilgisayar programinin gelistirilmesi
amaglanmistir. C#.Net yazim dilinde hazirlanan program gérsel ozellige sahiptir. Olusturulan program
tas kolon sistemlerinin gerek drenaj gerekse sikilastirma etkisini ortaya koyan, literatiirde taniml
sayisal ve teorik yaklasimlarin 1siginda hazirlanmistir. Hazirlanan programda, sivilagsmaya yatkin
kumlu zeminlerde depremle gelisen bosluk suyu basinci dagilimini giivenli bir seviyeye indirmek i¢in
gerekli olan kolonlar arasi mesafe ve ¢ap degerleri, deprem ve zemin 6zellikleri dikkate alinarak. sonlu
elemanlar yontemiyle belirlenmektedir. Program drenajsiz ve drenajli kosullar ile vibro-tas kolon
tasarimlarini i¢ermektedir.

Buna gére, halihazirda sivilasabilir zemin iizerine insa edilmis ve gelecekte sehirlesmeye agilacak olan
yerlesim alanlarinda, optimum tag kolon tasarimlariyla giivenli bir bolgede kalinacak ve gereksiz proje

maliyetlerin 6niine geg¢ilmis olunacaktir.

Anahtar Sozciikler: zemin iyilestirme, tas kolon, asir1 bosluk suyu basinct, sonlu elemanlar yontemi,
bosluk suyu basing orani
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Modeling of the Stone Column Application Against Soil Liquefaction
Using the Finite Elements Method

Levent Selguk & Kamil Kayabali

Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, Tandogan,
TR—06100 Ankara, Tiirkive (E-mail: Levent. Selcuk@eng.ankara.edu.tr)

A great part of building damages during Earthquakes results from soil liquefaction. The common
practice against such losses is to avoid construction buildings on liquefiable soils, if posssible, or to
remediate the soil conditions before desinging any construction on them. Because the buildings
already constructed on liquefiable soils cannot be moved to somewhere else owing to the economical
and sociological difficulties, the soil underneath the present settlements requires to be improved. Such
remediation measures basicly aim to prevent the excess pore water pressure generation during an
earthquake. For this, soil improvement in the form of densification and/or increase in drainage
capacity become inevitable.

Improvement of drainage capacity and densification of soils are accomplished usually by vibro-stone
column teghniques. Some previous research work on the subject was observed to focus on
development and distribution of excess pore water pressure in soils during earthquakes by utilizing
drainage systems. Vibro techniques help soils densify in horizontal direction through artificial tremors.
This densification effect, which is expected to reduce the development of excess pore water pressure
during natural tremors, is the highest adjacent to the column and decreases with the distance away
from the column. Although the first investigations on the use of vibro systems agaisnt soil liquefaction
were made in 1970’s, there is not any known design method including the improvement of drianage
and densification properties of soils. After the Goéleiik earthquake of 17 August 1999, some stone
column applications were done under the foundations of buildings which did not suffer any damage
during this earthquake. Nevertheless, those applications were not engineered well and it is not known
how they will behave during an earthquake.

The scope of this investigation is to develop a computer model against soil liquefaction by using stone
columns. The program is written using the finite element methods and evaluates the excess pore water
pressure developed in liquefiable soils during an earthquake. The model considers the drainage
improvement within the stone column itself as well as the densification, which gradually decreases
away from the stone column. The key point with the program, which was written in Visual C.Net
software, is to examine the ratio of pore pressure ratio (r,) developed at any stage of the earthquake
and to provide a suitable spacing and diameter for the stone columns to keep this ratio below a
threshold value. The preparation of the model included some theorical and numerical approaches
compiled through a literature rewiew. The model developed is able to handle different hydrological
cases such the drained and undrained conditions as well as the inclusion of stone columns.

The final product of the study will be a visual computer model providing the diameter and spacing of
stone columns for given soil conditions. The ultimate goal is to contribute the efforts aimed at

reducing building damages associated with earthquakes.

Key Words: soil improvement, stone column, excess pore water pressure, finite element method, pore
walter pressure ratio
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Zemin Kosullarimin Tiirk Tasarim Koduna ve Uluslarﬂarasn Tasarim Sistemlerine
Bagh Olarak Karsilastirilmasi: Ankara I¢in Ornek Bir Calisma

Mustafa K. Kockar', Haluk Akgiin® ve Ellen M. Rathje3

" Deprem Arastirma ve Uygulama Merkezi, Gazi Universitesi, Milas Sokak,
06500 Teknikokullar, Ankara (E-posta: mkockar(@gazi.edu.tr)
? Jeoloji Miihendisligi Boliimii, Uygulamalr Jeoloji Anabilim Dall,
Orta Dogu Teknik Universitesi, 06531 Ankara
? Department of Civil, Architectural and Environmental Engineering,
Geotechnical Engineering Division, University of Texas at Austin, Austin, Texas, USA

Sismik tehlike degerlendirmelerinin yapilmasi i¢in gerekli olan zemin kosullan jeolojik, sismik ve
jeoteknik kaynakli pek ¢ok parametre ile belirlenebilir. Bu ¢alismada, Ankara havzasi i¢in elde edilen
yerel zemin kosullari; arazi sismik 6lgiimlerinden elde edilen dinamik zemin 6zellikleri, jeolojik
bilgiler ve bir kisim jeoteknik sondaj ¢aligmalarinin uyumlu bir sekilde karsilastirilmasi ile elde
edilmistir. Calisma alanindaki Pliyo—Kuvaterner ¢okellerin simiflandirilmast ve karakterize edilmesi
icin detayli yuizey sismik ol¢timleri yapilmistir. Yiizeye yakin jeolojik birimlerin kayma dalgas: hiz
profilleri kullanarak zemin siniflar1 Uluslararasi Tasarim Sistemlerine ve Tiirk Tasarim Koduna gére
karakterize edilmis, ve yiizeyden itibaren 30 m’lik derinlikler i¢in hesaplanan ortalama kayma dalgasi
hizlarnyla bolgesel bir model hazirlanmistir. Zemin siniflan i¢in olusturulan sonug haritalari, Ankara
havzasinin 6nemli bir kisminin Tiirk Tasarim Kodu sonuglarina gore elde edilen simiflandirma
sistemlerininden Z4 sinifi zayif zeminlerden olustugunu gostermektedir. Uluslararasi tasarim kodlarina
gore yapilan zemin simiflandirma sistemi sonuglarinda ise, Ankara havzasinin 6nemli bir kismi D sinifi
sert zeminler olarak siniflandirilmistir. Bu farkliliklarin sebebi, Tiirk Tasarim Kodunu gore yapilan
karakterizasyon calismalarinda sadece yiizey tabakalarina gore zemin simiflandirmalar yapilirken,
Uluslararas1 tasarim kodlarina gore yapilan ¢alismalarda ise yiizeyden itibaren 30 m’lik zemin
karakterler: kullanilarak siiflandirmalar yapilmaktadir. Sonug¢ olarak, proje alaninda degisik tasarim
kodlariyla yapilan ¢alismalardan elde edilen farkli sonuglarin nedenleri arastirilmis ve bu sonuglara
gore yapilan sismik tehlike degerlendirmeleri i¢in gerekli dneriler yapilmistir.

Anahtar Sozciikler: sismik ve jeoteknik zemin karakterizasyonu, Pliyo—Kuvaterner ¢okeller, Tiirk
tasarim kodu, sismik tehlike degerlendirmeleri, Ankara
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Comparison of Site Conditions Based on the Turkish Code
and International Code Systems: A Case Study for Ankara

Mustafa K. Kogkar’, Haluk Akgun2 & Ellen M. Rathje3

" Deprem Arastirma ve Uygulama Merkezi, Gazi Universitesi, Milas Sokak.
Teknikokullar, TR—06500 Ankara, Tiirkiyye (E-mail: mkockar@gazi.edu.tr)
° Jeoloji Miihendisligi Béliimii, Uygulamali Jeoloji Anabilim Dall,
Orta Dogu Teknik Universitesi, TR—06531 Ankara, Tiirkive
 Department of Civil, Architectural and Environmental Engineering,
Geotechnical Engineering Division, University of Texas at Austin, Austin, Texas, USA

Site conditions relevant for seismic hazard studies can be derived from various geologic, seismologic,
and geotechnical sources. In this study, site conditions are derived for the Ankara Basin in Turkey by
merging in-situ seismic measurements of dynamic properties along with geologic and some
geotechnical boring information. Detailed field surface seismic surveys were performed in the project
area to classify and characterize Plio—Quternary deposits. The shear wave velocity profiles of the near-
surface geologic units were used to characterize site classes according to the International Code
Systems and the Turkish Code, and to develop a regional model for the average shear wave velocity in
the upper 30 m. The resulting maps for the site classes indicate that the classification system for the
Turkish Code results in a significant portion of the Ankara Basin being classified as Z4, which
happens to be the softest site class. The International Codes site classification systems suggest that
most of the Ankara Basin being is classified as D-Site, which is stiff soil. These differences are caused
by the Turkish Seismic Code incorporating information from only the surface layer, while the
International Building Codes incorporate information from the top 30 m. Finally, the causes of
different results obtained by studies carried out with different design codes for the project area have
been investigated and regarding the consequences of these results, necessary recommendations are
presented.

Key Words: seismic and geotechnical site characterization, Plio—Quaternary sediments, Turkish
seismic code, seismic hazard assessments, Ankara
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1998 Adana-Ceyhan Depremi

Ismail Dinger', Altay Acar’, ibrahim Cobanoglu® ve Argun Kocaoglu®
¢ y g

" Adiyaman Universitesi, Meslek Yiiksek Okulu, 02040 Adiyaman
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* Pamukkale Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 20020 Kinikli, Denizli
* Istanbul Teknik Universitesi, Maden Fakiiltesi, Jeofizik Miihendisligi Boliimii,
34460 Maslak, Istanbul

27 Haziran 1998 tarithinde, 6gleden sonra Adana ilinin yaklasik 35 km giineydogusunda 6.3 (Ms)
biiytkliigiinde orta siddetli bir deprem meydana gelmistir. 150 kisinin hayatni kaybettigi Adana-
Ceyhan depreminde 1500 kisi yaralanmistir. Deprem, Ceyhan ilgesi ve kali¢i ve taraga birimlerinin
yaygin olarak gozlendigi bir¢ok alanda etkili olmustur. Ceyhan ilge merkezinde olusan hasarin biiyiik
bir boliimii orta—ytiksek katli yapilarin yer aldig: alitvyon zeminler iizerinde meydana gelmistir. Kaligi
ve taraca birimlerinin goézlendigi alanlarda ise, az kathh (1-2 kat) yapilarda yapisal hasarlar
gozlenmistir. Ancak bu durumun tim kali¢i ve taraga birimleri {izerinde yer alan yapilar igin
genellenmesi mimkiin olamamistir. Ciinkii birbirine ¢ok yakin lokasyonlardaki benzer kalite ve
ozelliklere sahip yapilarda farkli hasar oranlari ortaya ¢ikmustir. Bu ¢alismada, soz konusu depremle
ilgili olarak, kaligiler ve taracalar tizerinde meydana gelen farkli yapisal hasarlarin nedenleri
arastirtlmistir. Bilindigi tizere, zeminlerin dinamik ozellikleri ile meydana gelen hasar dagilim
arasinda kuvvetli bir iligki vardir. Bundan dolay: 6ncelikle kali¢i ve taraga birimlerinin yaygin olarak
gozlendigi ve farkli yapr ozelliklerini (katli, betonarme, yigma) temsil edecek sekilde 37 farkh
yerlesim alanina (mahalle, belde ve koy) ait 1998 Adana-Ceyhan depremi hasar bilgileri
degerlendirilmistir. Buna gore, hasar oranlan ¢ok katli yapilarda % 0.21-3.35, orta kath yapilarda %
3.51-70.89 ve az kath yapilarda % 0.64—92.89 araliklarinda degismektedir. Burada en yiiksek oran ve
genis degisim arahgr az kath yapilarda gozlenmektedir. Ortaya ¢ikan bu genis degisim araligi sadece
yapisal faktorlerle acgiklanamaz. Bu durumun ortaya ¢ikmasinda zeminin rolii bulunmaktadir.
Yapilarda en yiiksek hasar rezonans durumunda ortaya ¢ikmaktadir. Afet Isleri Genel Mudiirliigi
normlarina gore, genel olarak betonarme yapilarda her kat 0.1 sn titresim periyoduna (0.1 x kat sayisi)
sahiptir. Buna gore 5 ve daha ¢ok katli yapilar i¢in yap1 periyodu >0.5 sn (<2Hz), 35 kath yapilar i¢in
0.3-0.5 sn (3.3—2 Hz), 1-2 kath yapilar i¢in 0.1-0.2 sn (10-5 Hz)’dir. Kali¢i ve taraca birimleri
lizerinde az katli yapilarin yiiksek oranda hasar gérmesi, kaligi ve taraga birimlerinin yiiksek frekansh
(distik periyot) zeminler oldugu gostermektedir. Bununla birlikte, ayni yapisal 6zelliklere sahip bazi
az kath yapilar kali¢i ve taraca birimleri {zerinde yer almasina ragmen, herhangi bir hasar
gormemistir. Bu durumu agiklamak i¢in farkli yontemler (mikrotremor olgiimleri ve tek boyutlu
dogrusal ampirik saha tepki analizi yapan EERA paket programi) kullanilarak yer tepki analizleri
yaptlmistir. Elde edilen sonuglar, kali¢i ve taraga birimlerinin sahip olduklart kalinlik ve kayma
dalgas hizina bagl olarak 1-2 katli yapilar i¢in rezonans frekansinda etkili oldugunu gostermistir. Bu
durum o6zellikle kaligilerin yumusak seviyelerinin kalinhign artik¢a belirgin olarak gozlenmistir.
Rezonans kosullarinin olugmasinda kaligi profillerinin yumusak seviyeleri daha etkin olurken, iistte
yer alan sert seviyenin etkisi ise 6nemsenmeyecek diizeydedir.

Anahtar Sozciikler: Adana-Ceyhan depremi, kali¢i, taraga, rezonans, mikrotremor, hasar orani, yapi
periyodu
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Damage Distributions: 1998 Adana-Ceyhan Earthquake
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In the afternoon of 27 June 1998, 6.3 (Ms) magnitude and moderate intensity an earthquake occurred
and its epicenter was located approximately 35 km southeast of Adana city. 150 people lost their life
and 1500 people were injured. The earthquake was impressed on Ceyhan and regions which are
covered by caliche and terrace deposits. A big amount of damage which was observed centre of
Ceyhan Town, occurred on medium-high rise buildings founded on alluvium deposits. Low rise
buildings (1-2 storeys) exposed high damage in regions of caliche and terrace deposits. But this
assumption can not be generalized for all buildings founded on caliche and terrace deposits. Because,
different damage ratios were observed in neighborhood buildings which are have same structural
quality and characteristics.

In this study, reasons of different structural damages which were occurred on caliche and terrace
deposits, were investigated. There are strong relationships between dynamic properties of soils and
distribution of damage. Therefore, structural damage distribution, caused by 1998 Adana-Ceyhan
earthquake, was evaluated. For these purpose 37 settlement areas (district, village and small town)
were selected. These areas covered by caliche and terrace deposits and represented different buildings
type (storey, concrete, masonry etc). Damage ratio is changed between % 0.21 and %3.35 (high rise
buildings), % 3.51-70.89 (medium rise buildings) and % 0.64-92.89 (low rise buildings). Highest and
wide variation gap of damage ratio, clearly observed for low rise buildings. This can not be attributed
only structural factors. Especially, low rise buildings are very similar each other in the study area
where the design and construction are performed by few engineer and architects and builders. Caliche
and terrace deposits seem to be responsible in appearing of this situation. Maximum structural damage
appeared on resonance conditions. In general, every floor has 0.1 sec resonance period in reinforced
concrete buildings. According to this, resonance frequency of buildings, located in this study area, is <
2 Hz (for high rise buildings), 3.3-2 Hz (for medium rise buildings), and 10—5 Hz (for low rise
buildings). The low rise buildings, founded on caliche and terrace deposits, exposed to heavy damage.
It is show that, during the earthquake, high frequency vibration was occurred on caliche and terrace
deposits. But some buildings, which have same structural properties, did not expose to heavy damage,
although founded on caliche deposits. Site response analysis was performed using the different
methods (microtremor survey in the field and one-dimensional linear empirical site response analysis
with EERA software) for clearing this diversity. The results obtained, depending on the shear wave
velocity and thickness, caliche and terrace deposits are effective on the resonance frequency. This is
especially the case as thick soft levels of caliches have been observed as significant. Softpan of caliche
deposits are more effective occurring the resonance conditions. Influence of upper part level (hardpan)
is insignificant level.

Key Words: Adana-Ceyhan earthquake, caliche, terrace, resonance, microtremor, damage ratio,
structure period
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Ege Horst-Graben Sistemi Uzerindeki Zemin Biiyiitmelerinin Incelenmesi

Nihal Akyol, T. Ozgiir Kurtulmus ve Murat Camyildiz

Dokuz Eyliil Universitesi, Miihendislik Fakiiltesi, Jeofizik Miihendisligi Béoliimii,
Tinaztepe Kampiisii, 35160 Buca, Izmir (E-posta: nihal.akyol@deu.edu.tr)

Ege ag¢ilma rejimi igerisinde yer alan Bati Anadolu, deprem aktivites: ylksek kitasal kabuk
bolgelerinin baginda gelmektedir. Bir¢ok uygarligin lizerinde gelistigi Bati Anadolu, tarihsel
donemlerde pek ¢ok yikict deprem etkisinde kalmistir. Tektonik ve jeolojik agidan essiz olan Bati
Anadolu Bolgesinde, farkh tektonik modeller ile tamimlanmaya c¢alisilan, K—-G gerilme rejimi
sonucunda B—D dogrultulu biiyiik horst-graben yapilart meydana gelmistir. K—G dogrultulu yash
¢Oktintiilerle, giincel tektonizmanin gelistirdigi B—D dogrultulu ¢ékiintilerin kesistigi alanlarda, bol
kiriklilik, yiksek gozeneklik ve yiiksek 1s1 akisi gézlenmektedir.

TUBITAK-NSF uluslararasi isbirligi olan bir proje kapsaminda, Gediz Grabeninden baslayip, Biiyiik
Menderes Grabenine ulasan, istasyon uzakliklar1 ~3—4 km olan, ~100 km’lik ve ~K~G uzammli bir
lineer ag dizilmi gerg¢eklestirilmigtir. Bu lineer ag dizilimi ile bolgedeki ana horst-graben yapilari
tizerinde ve ayrica kurulan bir daginik ag ile bolgedeki 9 farkli lokasyonda, ~11 ayhk bir siire ile
deprem verisi toplanmistir. S6z konusu veri analiz edilerek, istasyonlarin iizerinde bulundugu yerel
Jeolojik kosullara ait, zemin biiyilitmesi ve rezonans frekansi degerleri, Yatay/Diisey Spektral Oran ve
Standard Spektral Oran yontemleri kullanilarak elde edilmistir. Birbirlerine gore gesitli avantaj ve
dezavantajlart olan pek ¢ok yodntem, zemin etkisinin belirlenmesi amaciyla kullanilmaktadir. Bu
¢alismada, iki farkli spektral oran yontemi sonuglarinin karstlastirilmasit yani sira, radyal ve transvers
S-dalga fazlari kullanilarak elde edilen sonuglarin karsilastinnlmasi gergeklestirilmistir. Ayrica, elde
edilen zemin buyttmelerinin, uzaklik, magnitiidd ve yon bagimhliklart incelenmistir.

Yatay/Diisey Spektral Oran Yontemi kullanilarak elde edilen zemin biyiitmeleri; yon bagimlilik
etkisinin, uzaklik ve magnitid bagimliligindan daha belirgin oldugunu gostermektedir. Bu olgu;
yontemin tam olarak kaynak yayimim etkisini elimine edemedigini vurgulamaktadir. S-dalga fazi
radyal ve transvers bilesenleri i¢in ayr ayr hesaplanan biiylitme fonksiyonlarim karsilastirdigimizda,
genel olarak tiim istasyonlar i¢in iyi bir uyumun oldugunu, ancak 6zellikle horst yamaglari {izerinde
bulunan istasyonlar i¢in yon bagimlilik etkisinden kaynaklanan sistematik farkliliklarin bulundugunu
gormekteyiz. Iki farkli spektral oran yontemi ile elde edilen sonuglar karsilastirdigimizda ise; ortam
heterojenitesinden kaynaklanan uyumsuzluklar yer almaktadir.

Sonug olarak; lineer ag dizilimi sayesinde, bélgedeki ana horst-graben yapilan iizerindeki zemin
etkisinin degisimi gozlenmistir. Saglam zemin olarak diistintilebilecek horst yapilan iizerinde bile,
farkli frekanslarda, belirgin zemin biiyiitmesi degerleri elde edilmistir. Bozdag horstu lizerinde yer
alan istasyon verilerine uygulanan Yatay/Dugey Spektral Oran Yontemi ile elde edilen sonuglar; bu
istasyon igin 2.7, 4.3 ve 7.0 Hz’deki zemin biyiitmelerinin, sirasiyla, 2.6, 3.4 ve 4.3 degerlerinde
oldugunu gostermektedir. Bu sonug; saglam zemin olarak dusiiniilebilecek, horst yapilar iizerinde
bile, yiizeye yakin ayrismis zonlarin varliginin, zemin bilyiitmesi ve deprem tehlikesi agisindan
irdelenmesi gerektigini gostermektedir. Yatay/Diigey Spektral Oran Yo6ntemi ile elde edilen sonuglara
gore; Kigiikk Menderes Grabeni tizerinde yer alan La20 istasyonu i¢in 1.5 Hz’deki zemin biiyiitmesi
6.3 degerine ve KULA ovasinda bulunan KUL istasyonu i¢in 3.6 Hz’deki zemin biiyiitmesi 6.7
degerine ulagsmaktadir.

Anahtar Sozciikler: zemin biiyiitmesi, zemin rezonans frekansi, yatay/diisey spektral oran yontemi,
standart spektral oran yontemi, zemin etkisi hesabindaki belirsizlikler, bati Anadolu
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Western Anatolia which is a part of the Aegean extensional province is one of the most seismically
active continental regions in the world. The region, in which lots of civilizations have been developed,
had been exposed to many destructive historical earthquakes. In this tectonically and geologically
unique region, approximately E—W-trending large horst-graben structures were formed by a result of
N-S extension explained by different tectonic models. The high degree of fracturing, permeability and
heat flow are observed in the areas at the intersections between N—S-trending older grabens and E-W-
trending younger ones.

In the framework of a TUBITAK-NSF collaboration project, a temporary seismic stations, distributed
partly as a dense; 100-km-long, N—S linear array extending from Gediz Graben to Biiyiik Menderes
Graben with an inter-station distance that varied between 3—4 km and partly as a regional network;
with 9 stations on different locations throughout the Menderes Massif of western Turkey were
operated during about 11 months. Utilizing the data collected by these arrays, site amplifications and
resonance frequencies of near-surface geological materials of the station sites were obtained by using
Horizontal/Vertical Spectral Ratio and Standard Spectral Ratio methods. Many methods having
advantages and disadvantages compared to each other have been used for site effect estimation. In this
study, not only the results by two different spectral ratio estimates but also the results by radial and
transverse phases of S-wave were compared. Additionally, distance, magnitude and azimuthal
dependencies of the obtained site effects were evaluated.

The site effects obtained by Horizontal/Vertical Spectral Ratio Method have showed that azimuthal
dependency of the results more significant than distance and magnitude dependencies. This result
manifest that the method could not eliminate source radiation effects exactly. When we compare the
site effects by radial and transverse phases of S-wave, in general there are well correlations for many
sites. However there are systematical differences in site amplifications for the sites on the slopes of the
horsts due to azimuthal dependency. When we compare two different spectral ratio estimates, the
discrepancies between the results could be attributed to heterogeneity of the region.

As a result, site effect variations on the main horst-graben structures in the region were observed by

utilizing linear array data. The significant amplifications at different frequencies were obtained even

for the sites on the horsts which might be considered as reference sites. Horizontal/Vertical Spectral

Ratio estimates for the site on Bozdag Horst show that site amplification values at 2.7, 4.3 and 7.0 Hz

are 2.6, 3.4 and 4.3, respectively. This result manifest that even for the sites on the horsts, presence of

near surface sedimentary deposits should be taken into account for the site amplification and seismic

hazard evaluations. Horizontal/Vertical Spectral Ratio estimates show that site amplification value are

6.3 at 1.5 Hz for La20 station site on Kiigiik Menderes Graben and 6.7 at 3.6 Hz for KUL station site
on KULA basin.

Key Words: site amplification, site resonance frequency, horizontal/vertical spectral ratio, standard
spectral ratio, uncertainties on the site effect determination, western Anatolia
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Zeminlerin Kompaksiyon Parametrelerinin Regresyon
Analizleri ile Tahmin Edilmesi
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Bu ¢alismada zemin siniflandirma deney sonuglart kullanilarak basit ve ¢oklu regresyon analizleri ile
kompaksiyon parametreleri (maksimum kuru birim hacim agirlik ve optimum su igerigi) tahmin
edilmistir. Kompaksiyon parametreleri laboratuarda sadece Proktor deneyleri ile belirlenebilir.
Sikistinlmig zeminler; yol dolgularinda, kati atik depolama alanlarinda, toprak dolgu barajlarin
¢ekirdeklerinde, istinat yapilarinda ve buna benzer 6nemli miithendislik projelerinde yaygin olarak
kullanilmaktadir. Dolayistyla bu zeminler jeoteknigin uygulama alanlarinda olduk¢a énemli bir yere
sahiptir. Bu calismada, kompaksiyon parametreleri ile temel zemin ozellikleri arasindaki iliskiyi
incelemek amaci ile Tirkiye’'nin farkli bolgelerinde yapilan yol ¢alismalarindan toplanilan veri
kullanilarak regresyon analizleri gergeklestirilmistir. Bunun igin, kompaksiyon parametreleri iizerinde
etkisi oldugu diistiniilen alt1 farkli zemin 6zellikleri, ¢akil orant (C), kum orani (K), silt-kil orani (SK),
plastik limit (PL), likit limit (W), plastisite indisi (PI), bagimsiz degiskenler olarak kabul edilirken
maksimum kuru birim hacim agirhgr (MKB) ve tane birim agirhk (TBA) bagimli degisken olarak
kabul edilmistir. Bu ¢alismayla zemin siiflandirma deneyleri ile kompaksiyon parametreleri arasinda
gliglii korelasyonlar elde edilmistir. Projelerin etiit asamasinda kompaksiyon parametrelerinin indeks
deneyleri ile onceden tahmin edilmesi hem zaman agisindan hemde ekonomik olarak avantaj
saglayacag dustiniilmektedir.

Anahtar Sozciikler: kompaksiyon parametreleri, zemin 6zellikleri, basit regresyon, ¢oklu regresyon,
korelasyon
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In this study, it is attempted to estimate compaction parameters (maximum dry unit weight and
optimum moisture content) Simple and Multilinear Regression employing based on classification
properties of the soils. The compaction parameters can only be defined experimentally by Proctor
tests. Compacted soils are used for many geotechnical applications such as engineered barriers for
municipal solid waste, dams, embankment and roads: therefore they are higly important materials for
geotechnical applications. In order to investigate the relationship between the basic soil properties and
compaction parameters, regression analyses were carried out using road construction data set collected
from the different locations of Turkey. Subsequently, six different parameters which are consideredto
be effective on compaction parameters that include fine-grained ratio (FG), sand ratio (S), gravel ratio
(G). hiquid limit (WL), plastic limit (PL), were used as input for the regression analyses as independent
variables while maximum dry density (MDD) and optimum moisture content (OMC) were used as
dependent variables. As a result of this study, regression analyses indicated strong correlations
between the compaction parameters and soil classification properties. At the etude project phase,
estimation of compaction parameters using index tests can get advatages not only at saving time but
also financial possibility.

Key Words: compaction parameters, soil properties, simple regression, multilinear regression,
correlation
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Kayalar Icin Yeni Bir Dayanim Belirleme Yontemi: Civi Penetrasyon Deneyi

Levent Selguk ve Kamil Kayabali

Ankara Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii,
06100 Tandogan, Ankara (E-posta: Levent.Selcuk@eng.ankara.edu.tr)

Tek eksenli sikisma dayammi (UCS) kaya mihendisligi alaminda yararlanilan en popller
parametrelerden birisidir. Cok kolay ve basit olmakla birlikte, orneklerin hazirlanmasinda 6zen
gerektiren ve zaman alict bir yontemdir. Bununla birlikte, zayif ve ¢ok zayif kayalardan karot alinmasi
genellikle gii¢ bir islemdir. Bu nedenle, tek eksenli sikisma dayaniminin belirlenmesinde genellikle
nokta yiikleme dayanim indeksi deneyi ve Schmidt geri sigrama deneyi gibi dolayli yontemler
kullanilmaktadir.

Nokta yiikleme deneyi ile nokta yiikii dayanim indeksi degeri (Is;so) belirlenir. Tek eksenli sikisma
dayammu genellikle bu indeks degerinin 24 degeriyle ¢arpiimasiyla elde edilir. Onceki ¢alismalar bu
doniisiim faktériiniin 6 ile 105 arasinda degistigini gostermektedir. Bu nedenle, nokta yiikleme deneyi
tek eksenli sikisma dayanmmini sadece kabaca verebilmektedir. Diger yandan, Schmidt sertlik
cekicinin sagladigi avantajlar kadar dezavantajlari da vardir. Schmidt sertlik ¢ekici, dusiik dayanimh
kayalarda (UCS<10 MPa) ve bozunmus yiizeylerde kullanimi saglikli olmayan bir yontem olarak
degerlendirilmektedir.

Tek eksenli sikisma dayanmmmunm dolayli yoéntemlerle belirlenmesinde ortaya ¢ikan zorluklarin
giderilmesi igin ozellikle zayif ve ¢ok zayif kayalara uygulanmak uzere yeni bir yontem
onerilmektedir. Bu yontemin ana bileseni, farkli uzunluklara sahip ¢iviler tizerinde 130 J kuvvet
uygulayan bir beton ¢ivi ¢akicisidir. Bu ¢alismada ¢ivi penetrasyon derinligi ile tek eksenli sikisma
dayanim arasindaki iligki arastirilmis; ¢alismanin batiinligi acisindan nokta yiikleme deneyr ve
Schmidt sertlik ¢cekicinden elde edilen dayanim deneyleri de kullanilmistir.

Calismada kullamlan kayalar jips, tif, ignimbirit, andezit ve mermerden olusmaktadir. Ankara civari
ve Orta Anadolu’dan toplanan 65 kaya blogu tizerinde dort ¢esit deney yapilmisur. Tek eksenh
sikisma deneyi 2-3 silindirik érnek iizerinde yapilmisur. L ve N tipi Schmidt sertlik ¢ekiglerinin her
ikisi de calismada kullanilmistir. Schmidt gekiglerinin her birisiyle her blokta 10 adet geri sicrama
degeri kaydedilmis ve oncelikle bu degerlerin ortalamasi alinmistir. Bu ortalama degerden 7 ve daha
fazla sayida sapma gosteren geri sigrama degerleri ¢ikartilarak kalan degerler icersinde tekrar ortalama
alinmistir. Diger yandan, nokta yiikleme deneyi silindirik karot ve blok &rnekler Uzerinde
gergeklestirilmistir. Tek bir kayag i¢in 10 adet drnek bu amagla hazirlanmistir. Yine her bir kayag i¢in
beton ¢ivi ¢akicisiyla 5 adet atis yapilmistr. Elde edilen penetrasyon derinlikleri, bu degerlerin
ortalamasmin alinmasiyla belirlenmistir.

Elde edilen sonuclar tek eksenli sikisma dayanimu ile ¢ivi penetrasyon derinligi arasinda ¢ok iy1 bir
iliskinin (R*= 0,91) oldugunu gostermistir. Kargilagtirmalar ayn1 zamanda tek eksenli sikisma
dayanimina karsi Schmidt sertlifi ve nokta yiikii dayanim indeksi degerleri arasinda da yapilmistur. Bu
karsilastirmalardan, tek eksenli sikisma dayanimunin (schmidt sertlik degeri ve nokta yiki indeks
degerleriyle kargilastirmasina gore) ¢ivi penetrasyon derinligi ile daha iyi bir korelasyon sagladig
gorilmustir.

Saglam, kolay, tasinabilir ve diisitk maliyet gerektiren bu deney yontemi kiriksiz kayalarin tek eksenli
sikisma dayaniminin belirlenmesi icin onerilmektedir. Onerilen teknigin 6zellikle zayif kayaclar i¢in

daha yararli olacag: diisintlmektedir.

Anahtar Sozciikler: tek eksenli sikisma dayanimi, ¢ivi penetrasyon deneyi, nokta yiikleme deneyi,
Schmidt sertlik ¢ekici, kaya malzemesi
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A New Strength Determination Method for Rocks: Nail Penetration Test

Levent Selguk & Kamil Kayabali

Ankara University, School of Engineering, Geological Engineering Department, T andogan,
TR—06100 Ankara, Tiirkiye (E-mail: Levent.Selcuk@eng.ankara.edu.tr)

Uniaxial compression Strength (UCS) is one of the most populer parameter utilized in the field of rock
engineering. While it is easy and simple to perform, it requires carefully prepared specimens and
timewise it is lengthy. In addition, it involves difficulties with coring weak- to very-weak rocks.
Therefore, the determination of UCS is usually carried out by using the indirect tests such as the point
load test (PLT) and the Schmidt rebound hammer (SRH).

PLT provides the point load index (Is(so)) and the UCS is obtained by multiplying the Iyso, by usually
24. The literature review revealed that this conversion factor ranges from 6 to 105. Thus, the PLT
provides only a crude approach for UCS. On the other hand, the advantages offered by SRH are
compensated with its own disadvantages. SRH is not considered suitable for low-strength rocks
(UCS<10 MPa) and weathered surfaces.

In order to overcome the difficulties in determining the UCS indirectly for particularly weak rocks a
new tool is proposed. It is a concrete nailer exerting 130 J power on nails of different lengths. A
relationship between the nail penetration depth and the uniaxial compression strength 1s sought. In
addition, the strengths obtained from PLT and SRH are utilized for the completeness of the study.

The material used in the study covers rocks of gypsum, tuff, ignimbrite, andesite and marble. Four
types tests were carried out on 65 rock blocks collected from the vicinity of Ankara and Central
Anatolia. For the uniaxial compression test, 2 to 3 cores were used. Both the L- and N- type SRH were
utilized. Ten impacts were applied on each intact rock block by each type of SRH. The rebound values
were averaged first, and those departing from the average more than 7 were discarded and the
remaining rebound values were reaveraged. PLT tests were carried out on both diametric and block
samples. Up to ten specimen were utilized for one type of rock. For the nail penetration test. five shots
were made on each rock block by concrete nailer. The avarage penetration depths were determined.

The evaluation of results shows that there is very good relationship between the nail penetration depth
and the UCS with a correlation coefficent of r2:O,91. Correlations were also established between the
UCS and SRH as well as between the UCS and PLT. It was found that the UCS correlates better with
the strength determined from the nail penetration tests than it does with those of SRH and PLT.

A robust, easy, portable and low cost testing method is proposed for the evalution of UCS of intact
rocks indirectly. The proposed technique is expected to serve better for particularly weak rocks.

Key Words: uniaxial compression strength, nail penetration test, point load test, Schmidt rebound
hammer, intact rock
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Suda Dagilmaya Karsi Durayhhk indeksi Cevrim Sayisimin Tane Sekli
Uzerindeki Etkisinin Fraktal Boyut Yaklasimi Kullanilarak Arastirllmasi

Saffet Yagiz' ve Kivang Zorlu®

" Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, 20020 Kinikli, Denizli
(E-posta: syagiz@pau.edu.tr)
2 Mersin Universitesi, Jeoloji Miihendisligi Boliimii, 33342 Ciftlikkoy, Mersin

Bozunma, yeryiiziine yakin yerlerde kayaglardaki fiziksel ve kimyasal streglerle gelisen bir degisim
olup, kaya kiitlesi ve kaya malzemesinin fiziksel ve mekanik ozellikleri tizerinde pek ¢ok olumsuz
etkiye sahiptir. Kiregtasi ve traverten gibi ekonomik degere sahip kayaclarda bozunmaya kars1
duyarhlik ve bozunma hizi yapt malzemesi olarak kullamlabilirlikleri agisindan oldukga biiytik bir
onem tasimaktadir. Laboratuvar kosullarinda, kayaglarin bozunabilirlige gostermis olduklart direng,
suda dagilmaya karst durayhlik indeksi ile belirlenmektedir. Literatirde, suda dagilmaya kars1
durayhlik indeksinin tanimlanmasinda, geleneksel iki ¢evrimin yani sira, ¢oklu ¢evrim uygulamalarina
da rastlanmaktadir.

Bu c¢alismanin amaci, suda dagilmaya karsi duraylilk indeksi g¢evrim sayisinin kayac agregalarinin
sekli tizerindeki etkisinin fraktal boyut yaklasimi kullamlarak arastirilmasini igermektedir. Amaca
uygun olarak, Denizli ve Antalya illeri ¢evresinde isletilen tag ocaklarindan ¢ékelme ortamlari, yapisal
ve dokusal 6zellikleri birbirinden farkli dort tip traverten ve Ug tip kiregtasi toplanmistir. Daha sonra,
her bir kayag tipi icin on adet suda dagilmaya karsi durayhlik indeks deneyi yapilarak, deneylere on
¢evrim sonuna kadar devam edilmistir. Bu ¢alisma da, 1., 2., 4., 6. ve 10. ¢evrimler sonunda tane
sekillerinde meydana gelen degisim, fraktal boyut yaklasim ile ortaya konmus ve suda dagilmaya
karsi duraylilik indeksi ile arasindaki iliski yorumlanmustir. Tanelerin fraktal boyutlari hesaplanirken,
diizlem tizerinden sapmalarin gozlenebildigi biitiin yiizeylerde fraktal boyut belirlenmis ve daha sonra
tek bir tane i¢cin hesaplanan degerlerin ortalamasi kullanilmistir.

Elde edilen sonuglara gore, dikkate alinan her bir ¢evrim sonunda, suda dagilmaya karsi duraylihk
indeksi azalirken, tanelerin ortalama fraktal boyutunda artis gézlenmistir. Fraktal boyutlarindaki bu
artis, 1., 2., ve 4. cevrimler sonunda daha belirgin gozlenirken, 6. ve 10. ¢evrimler sonunda dikkate

deger bir degisim sergilememekte, hatta bazi1 6rneklerde yaklasik ayni degerleri sunmaktadir.

Anahtar Sozciikler: fraktal boyut, kiregtasi, suda dagilmaya kars1 durayhilik indeksi, traverten
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Using Fractal Dimension Approach to Investigate Affect
of Slake Durability Index Cycle Integer on Aggregate Shape

Saffet Yagiz' & Kivang Zorlu®

" Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, Kinikli,
TR—20020 Denizli, Tiirkiye (E-mail: syagiz@pau.edu.tr)
° Mersin Universitesi, Jeoloji Miihendisligi Boliimii, Ciftlikkéy,
TR—33342 Mersin, Tiirkiye

Weathering that is degradability of rock near the surface of the earth due to physical and chemical
progress has significant affect on the physical and mechanical properties of both rock mass and
materials. Both durability against weathering and weathering speed are very important from the scope
of usability of those rocks as building material for limestone and travertine type rocks that have
economical worth. Durability resistance of rock against weathering could be measured using slake
durability index test in laboratory condition. In the literature, besides common method that obtaining
slake durability index after two cycles, some researchers conducted slake durability index test more
than two cycles (i.e. four to ten cycles).

Purpose of the study is to investigate the affect of slake durability index cycle on aggregate shape
using fractal dimension approach. To obtain the aim, rock samples including four type travertine and
three type limestone all which has various depositional condition, texture and structural features were
collected from the quarries operated in the cities of Denizli and Antalya surroundings. After that, for
each rock type, ten slake durability index test were carried out within ten cycles. Variation of
aggregate shape were explored utilizing slake durability indices of 1, 2, 4, 6 and 10 cycles by
performing fractal dimension approach and further, the relationship between fractal dimension and
slake durability index cycles were investigated in this research. As computing fractal dimension of the
aggregate, all surfaces that deviations were observed are identified after then, average fractal
dimension value of one aggregate were used for the aim.

As result of findings, while decreasing the slake durability index after each cycle, average fractal
dimension of aggregates are increased. While increment on the fractal dimension of the aggregate
were so obvious at the end of 1, 2 and 4 cycle, after 6 and 10 cycle that increment are insignificant or

about the same with previous cycles.

Key Words: fractal dimension, limestone, slake durability indices, travertine
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Kayaclarda Kirilganhk Indeksi Hesaplamasi I¢in
U¢ Batirma Deneyinin Kullanilmasi

Saffet Yagiz

Pamukkale Universitesi, Jeoloji Miihendisligi Boliimii, 20020 Kinikli, Denizli
(E-posta: syagiz@pau.edu.tr)

Kayaglarin kirtlganlik degerinin 6lgtimii, kaya kutlelerinde yapilan yeralti kazilarinda Snemlidir.
Gintimiizde kaya kirilganhiginin dogrudan 6l¢tilmesi standart laboratuvar kosullarinda kolay degildir.
Bu nedenle, kirilganlik degeri, kayaclarin tek eksenli sikisma ve Brezilyan ¢ekme dayammlarinin
ampirik fonksiyonu olarak elde edilir.

U¢ batrma deneyi, kayaglarin sertlik, tokluk, delinebilirlik ve kirilganlik 6zelliklerinin
belirlenmesinde kullanilan bir yontemdir. Bilgisayar sistemine bagh 300 ton kapasiteli bir MTS pres
kullanilarak deney yapilir. Bu deneyde, en az 1:1 oraninda ¢ap ve yiikseklik oranina sahip, NX capli
karot (54 mm) kayag¢ ornegi, kullanilir. Kayacin alt ve st yiizeyi diizgiin kesilmis ve piiriizlerden
armdinlmistir. Kayag 6rnegi, yaklagik 115 mm ¢apli bir ¢elik halkanin ortasina yerlestirilir ve etrafi
al¢r ile doldurularak yanal basing olusturulur. Sivri ¢elik u¢ 6rnek yiizeyine 0.0254 mm/sn bir yiikleme
hizi ile dik olarak batirithr. Daha sonra, ¢elik ucun kayag yiizeyinden derine dogru ilerleme miktar ve
bunun i¢in gerekli batirma kuvveti deney sonuna kadar bilgisayar ortaminda veri olarak depolanir.
Elde edilen ug ilerleme miktar1 ve u¢ batirma kuvveti verileri kullanilarak kuvvet- uc ilerleme miktar
grafigi olusturulur. Bu grafikteki kuvvet ve ilgili ilerleme miktan iliskisi, farkli yontemler kullanilarak
kayaclarin sertlik, delinebilirlik veya kirilganlik 6zellikleri belirlenir.

Bu calismada, u¢ batirma deneyi ile kayaglarin séz konusu Ozelliklerini hesaplama yodntemleri
irdelenmistir. Ayrica, kaya¢ kirtlganlik degeri u¢ batirma deneyi kullanilarak hesaplanmisur. Sert
kayaclarda ag¢ilan 48 farkli tiinelden elde edilen veritabani (tek eksenli sikisma dayanimi, dolayh
¢ekme dayanimi, yogunluk, u¢ batirma deneyinden elde edilen kirilganlhik degeri) kullanilarak, yeralt
kazilar i¢in kayag kirilganhik indeksi ve siniflamasi 6nerilmistir. Sonug olarak, kayaglarin kirtlganhik
indeksi dogrudan u¢ batirma deneyi ile ol¢ilebilir ve kirilganhik artuik¢a kayaclarda kazilabilirlik
artmaktadir.

Anahtar Sozciikler: kirilganlik, u¢ batirma deneyi
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The Use of Indentation Test to Compute Rock Brittleness Index

Saffet Yagiz

Pamukkale Universitesi, Jeoloji Miihendisligi Béliimii, Kinikli,
TR—=20020 Denizli, Tiirkiye (E-mail: syagiz@pau.edu.tr)

Measuring rock brittleness value is very crucial for underground excavations in rock masses. It is not
casy to measure rock brittleness with standard laboratory condition in present. Therefore, the
brittleness value is obtained as an empirical function of uniaxial compressive strength and Brazilian
tensile strength.

Indentation test is a method to investigate hardness, toughness, drillability and brittleness properties of
rocks. Computer system connected to MTS machine within 300 ton capacity are used for performing
the test. NX core size (54 mm) rock samples with a height to diameter ratio at least one, are used for
the test. Top and bottom of the specimen are saw-cut; so it is smooth and free of irregularities. The test
specimen is confined with gypsum cement (plaster) within steel cylinder frame approximately 115 mm
in diameter. Later, the indentor penetrates sample perpendicularly with 0.0254 mm/sec loading speed.
Afterward, the force is applied onto the surface of rock sample and the indentor penetrates the rock till
the test stopped and the applied force and relevant penetration are recorded in computer base. Force-
penetration chart could be obtained by using datasets of force and penetration. In this chart, relations
between force and relevant penetration could be evaluated and hardness, brittleness or drillability of
rock would be computed.

In this study, the methods to compute relevant rock properties by performing indentation test were
examined. In addition, rock brittleness is computed via indentation test. As a result of research, by
using database (i.e., uniaxial compressive strength, Brazilian tensile strength, rock density and
brittleness values from indentation test) obtained from 48 hard rock tunnel projects; rock brittleness
index and a classification are suggested for underground excavations. It is concluded that the
indentation test could be used directly for computing rock brittleness and it increases with excavability
of rock.

Key Words: brittleness, indentation test
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Kayaclarda Tek Eksenli Sikisma Dayaniminin Dolayh Olarak Belirlenmesine
Yonelik Yeni Bir Deney Yontemi: Karot Bogma Deneyi (CST)

Isik Yilmaz

Cumhuriyet Universitesi, Jeoloji Miihendisligi Boliimii, 58140 Sivas
(E-posta: ivilmaz@cumhuriyet.edu.tr)

Bu ¢alismada, 6zellikle gerekli karot boyunun elde edilemedigi durumlarda kaya malzemelerinde tek
eksenli sikisma dayanmiminin (UCS) dolayli olarak belirlenebilmesi i¢in gelistirilen yeni bir deney
yonteminin sonuglari sunulmaktadir. Bilindigi gibi, kaya malzemelerinin tek eksenli sikisma
dayanimlarimin dolayl olarak belirlenmesinde kullanilan; nokta yiikleme deneyi (Is), Schmidt ¢ekici
deneyi, sonik hiz deneyi, disk makaslama dayanim indeksi deneyi gibi bazi yontemler
kullanilmaktadir. Ozellikle nokta yiikleme deneyi UCS’> nin tahmin edilmesinde yaygin olarak
kullanilmasina karsin, giincel literatirde bu yéntemle ilgili sorunlara iliskin bir ¢ok c¢alisma
bulunmaktadir. S6z konusu siirlamalart gidermek amaciyla bu ¢alisma kapsaminda gelistirilen yeni
yontemle yapilan ilk ¢alismalar sonunda ‘Karot Bogma Deneyi (CST)’ olarak adlandirilmis olan bu
yontemin bahsedilen hatalarin, sorunlarin ve sinirlamalarin biiyiik bir boliimiinii ortadan kaldirdig:
goriilmustiir. Gelistirilen yeni deney yontemin temel ilkesi bir karotu eksenine dik bir gember boyunca
‘bogma’ seklinde yiiklemeye dayanmaktadir.

Calismalarin ilk asamasinda, farkl lokasyonlardan toplanmis olan zayiftan saglama kadar degisik
tiirdek1 blok kayalardan karot 6rnekleri hazirlanmis ve hazirlanan 6rnek setleri {izerinde, tek eksenli
sikisma, nokta yiikleme ve karot bogma deneyleri gergeklestirilmistir. Calismadan elde edilen verilerin
istatistiksel degerlendirilmesi ile UCS ile CST ve Igso) arasindaki iligkiler ampirik olarak belirlenmis,
birbirleri ile karsilastirilmis ve onerilen yontemin kullanilabilirligi tartigilmstir.

CST deney yonteminde ‘¢izgi’ boyunca yiikleme yapilmasi nedeni ile heterojenlik ve anizotropinin
etkisi 6nemli olgiide azaltilmustir. CST ile UCS’ nin belirlenmesinde, farkli kaya tiirleri i¢in hemen
hemen ayni ampirik esitlikler elde edilmis olup, deneylerden elde edilen iliskiler UCS’ nin CST ile
nokta yiikleme dayanim indeksinden daha giivenilir bir sekilde elde edilebilecegini gdstermistir.
Degisik karot boylari i¢in gergeklestirilen CST deneylerinin bir sonucu olarak, gelistirilen deney
yonteminin tekrarlanabilir oldugu ve karot boyunun simrlayici olmadigini ortaya konulmustur.
Giuvenilir Igso) degerinin elde edilebilmesi igin deneyin 10-20 kez tekrarlanmasimin gerekliligine
karsimn, CST deneyinin sadece bir kez yapilmasinin yeterli oldugu gériilmiistiic. CST deneyleri portatif
bir deney aleti ile laboratuvarda uygulanabildigi gibi, tasinabilir karot alma makinelerinin bulundugu
durumda arazide de gergeklestirilebilir. Onerilen yeni deney yonteminin diger mevcut deneylerdeki
smirlayic etkilerini biiytik 6l¢tide ortadan kaldirdigi, tek eksenli sikisma dayanimi degerlerinin
gercege daha yakin sekilde tahmin edildigi ve daha az sayida deney ornegi ile hem zaman, hem de
ekonomik agidan katki saglayacagi gériillmiistur.

Anahtar Sozciikler: tek eksenli sikisma dayanimi, nokta yiikleme dayanim indeksi, kaya malzemesi,
karot bogma deneyi
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New Testing Method for Indirect Determination of the Uniaxial
Compressive Strength of the Rocks: Core Strangle Test (CST)

Isik Yilmaz

Cumhuriyet Universitesi, Jeoloji Miihendisligi Boliimii, TR—58140 Sivas, Tiirkive
(E-mail: iyilmaz@cumhuriyet.edu.tr)

In this study a new testing method for indirect determination of Uniaxial Compressive Strength (UCS)
of the rock core samples, especially when a sufficient core height can not be obtained, is presented. As
known, there are some methods for indirect estimation of UCS of rock materials such as; point load
(Is), Schmidt hammer, sonic velocity, block punch index test etc. However point load testing method
is widely used to estimate the UCS, there are many problems and limitations related to this method as
reported in the recent literature. It was obtained that CST proposed in this paper namely ‘Core
Strangle Test (CST)” had minimized some of the deficiencies, limitations etc. The principle of this test
depends on the ‘strangle’ type of loading a core along a circle perpendicular to the core axis.

In the first stage of the studies, blocks of different type of rocks having the strength in a range from
weak to strong were collected and cored for UCS, Point Load and CST tests. These tests were then
conducted on the prepared sample sets and relationships between UCS with Igiso) and CST were
empirically determined and discussed in a point of the view of the usefulness of the method
developed.

In CST, the effect of the heterogeneity or anisotropy was considerably minimized by loading rock
samples through a line instead of a point. It was found that almost the same empirical equations can be
used for different types of rocks. It was also experimentally obtained that in the estimation of UCS,
CST will be more preferable than point load index test. Because, CST tests led to considerably lower
errors in determining the strength when compared with the results obtained from point load tests. Test
results conducted on different core length showed that the CST can be repeated on the same rock
samples. It was found that the length of the core is not a limitation in CST. In order to obtain an
accurate value of Igso) point load test should be conducted 10—-20 times, but an accurate value can be
obtained from only one test of CST. CST can be performed with portable equipment in the laboratory.
If the portable facility for rock coring is available, CST can also be conducted in the field. It was
found that main common shortcomings, limitations and problems related to conventional tests were
overcome and more accurate UCS values were obtained. CST will also profit an economical
advantage and gaining of time with its a few core sample requirement.

Key Words: uniaxial compressive strength, point load test, rock material, core strangle test
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Mersin Cevresi Heyelanlar: i¢in Yagis Siddet-Siire Iliskileri
Tolga Can', Tolga Mazman', Engin Cil' ve Tamer Y. Duman’
! Cukurova Universitesi, Jeoloji Miihendisligi Boliimii, 01330 Balcali, Adana

(E-posta: tolgacan@cukurova.edu.tr)
’ Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi, 06520 Ankara

Heyelanlar genel olarak asirt yagis, deprem ve kar erimesi gibi tetikleyici faktorlerin etkisi altinda
olugsmaktadir. Bu tetikleyici faktorler arasinda en yaygin olani asin yagislardir. Ulkemizde basta
Karadeniz bolgesi olmak tizere, diger bolgelerimizde de olagandisi meteorolojik olaylara bagl olarak
heyelanlarin gelistigi bilinmektedir.

Mersin ve ¢evresinde, 1968—69 ve 2001 yillarinda, asir1 yagislarin tetiklemesi sonucu bolgesel lgekte
¢ok sayida heyelan meydana gelmistir. Bu ¢alismada, Mersin ve Erdemli Meteoroloji istasyonlarindan
alinan uzun yillar ginluk yagis degerleri incelenerek heyelanlar icin yagis esik degeri ile bu yagis
degerlerinin farkli stirelerdeki tekrarlanma periyotlart incelenmistir. Mersin ve Erdemli meteoroloji
istasyonlarindaki kayitlar sirastyla 1930-2007 ve 1963-2007 yillarini kapsamaktadir. Buna gore
bolgede yillik ortalama yagis degerinin 600 mm civarinda oldugu belirlenmistir. Y1l igerisinde,
yagislarin aylik dagilimina bakildiginda ise en fazla yagis, Kasim, Aralik, Ocak ve Subat aylarinda
kaydedilmistir. Bu aylara iliskin ortalama yagis degerleri 79—112 mm arasinda degismekte olup, en
yagish ay Aralik olarak gozlenmektedir. Yillik toplam yagis degerlerinin yil icerisindeki dagilimlarina
bakildiginda ise, bu aylara iligkin toplam yagis degerlerinin yillik ortalama yagis degerinin yaklasik %
70°ni olusturdugu belirlenmistir.

Giunlik yagis degerleri kullanilarak kiimiilatif en fazla yagis miktarlari, degisik yagis stirelert (3—10,
20 ve 30 giin) i¢in belirlenmis ve bunlarnn tekrarlanma periyotlart 5, 10, 25, 50 ve 100 yil i¢in
hesaplanmistir. Heyelanlarin kiumdulatif yagis degerlerinin 300 mm’nin {zerinde oldugu durumda
meydana geldigi belirlenmistir. 1968 ve 2001 Aralik aylarinda bu yagis degerine toplam 3 ile 6 giinliik
yagis stresince ulagilmis olup, bu degerler uzun yillar yillik ortalama yagis degerlerinin %50’sinden
fazlasini olusturmaktadir. Bu ¢alismada kullanilan veriler 1s1ginda Mersin bélgesinde meydana gelen
heyelan olaylari igin yagis siddet-siire esik degeri I= 174D "% olarak bulunmustur. Burada I (mm/saat)
yagis siddeti, D (saat) ise yagis stresidir. Heyelanlarn tetikleyen 3 ve 6 giinlik toplam yagis
degerlerinin, Gumbel dagilimina gore, 25 yildan daha fazla tekrarlanma periyoduna sahip oldugu
sonucu elde edilmistir. Farkli bolgelerde gelisen degisik heyelan tipleri i¢in hesaplanacak yagis esik
degerleri, bolgesel anlamda heyelan risk azaltma ¢alismalarinin belirli bir asamasim olusturacaktir.

Anahtar Sozciikler: heyelan, yagis siddet-siire iliskisi, Gumbel dagilhimi, yagis esik degeri, Mersin
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The main landslide triggering factors are intense rainfall, earthquakes and rapid snow melting. The
most common landslide triggering factor is excessive rainfalls. It is known that extreme
meteorological events cause landslides most commonly in the Black Sea region as well as in other
geographic regions of Turkey.

Many landslides were triggered by intense rainfall in 1968-69 and 2001 around Mersin city. In this
study, daily rainfall data obtained from Mersin and Erdemli meteorological stations were evaluated in
order to determine the rainfall thresholds for landslides and their return periods. The meteorological
data from Mersin and Erdemli stations comprises the periods between 1930-2007 and 1963-2007,
respectively. Hence, the mean annual rainfall was found as 600 mm. The highest values were recorded
in November, December, January and February considering the monthly rainfall distribution
throughout the year. The mean monthly rainfall for formerly mentioned months range between 79 and
112 mm, and the highest amounts were recorded in December. It is seen that 70% of the annual
rainfalls were recorded between November and February.

Using daily rainfall data, the maximum cumulative rainfall amounts were determined for various
rainfall durations (3—10, 20 and 30 days) and return periods for 5, 10, 25, 50 and 100 years were
assigned to the rainfall durations. The landslides were triggered by the cumulative rainfall at above
300 mm. These rainfall amounts were recorded in successive 3 and 6 days periods which represent
more than 50% of mean annual rainfall. According to the available data, the rainfall intensity —
duration relationship for landslide generation were found as follow; I= 171D **"; where I (mm/hour) is
intensity and D (hour) is duration. The results show that 3 and 6 day cumulative rainfall, that triggered
the landslides, exceeded the 25-year return period according to the Gumbel distribution. Rainfall
thresholds determinations considering specific landslide types for different regions could provide
important stage in regional landslide risk management studies.

Key Words: landslide, rainfall intensity-duration relationships, Gumbel distribution, rainfall
threshold, Mersin
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Canakkale Kenti Giiney-Batisindaki (Giizelyah)
Kiitle Hareketinin Degerlendirilmesi

M. Celal Tunusluoglu, Oznur Karaca ve Alper Baba

Canakkale Onsekiz Mart Universitesi, Jeoloji Mithendisligi Béliimii, Terzioglu Kampiisii,
17020 Canakkale (E-posta. ctonoz@gmail.com)

Tirkiye nin kuzeybatisinda yer alan Canakkale, son yillarda hizli bir gelisim siireci i¢ine girmis
kentlerimizden biridir. Bu durum, beraberinde bir¢ok insaat projesinin hayata geg¢irilmesine neden
olmustur. S6z konusu insaat projeleri; yol, ¢ok kath binalar, az kath villalar, alt yap tesisleri, ¢arpik
yapilasmanin oldugu kesimlerde gecekondular vb. olmak tizere ¢ok ¢esitlidir. Bu hizli gelisim siireci
icerisinde kentsel planlamanin yapilmadig: tehlike arz eden araziler onlem alinmaksizin ¢ogu kez
kullanima agilarak dogal ortamin dengesi bozulmustur.

(Canakkale kentinin giineybatisinda yer alan ve kentin yazlik mekanlarindan biri olan Glzelyali
koyiinde Kasim 2001 yilinda baslayan ve Ocak 2004 yilinda hizlanarak devam eden bir kiitle hareketi
meydana gelmistir. 2005 yili1 baharinda ve 2008 yili sonbaharinda yapilan incelemeler sonucu kitle
hareketlerinin yagis donemleriyle paralellik gosterdigi goriilmiistir. Incelemelerde kiitle hareketinin
kayma boélgesinde bulunan binalarin duvarlarinda g¢atlamalar, bah¢e duvarlarinda 15 cm’ye yakin
acilmalar gorilirken hareketin topuk kesimindeki birkag binada ise 6°’ye yakin geriye dogru yatma ve
bu nedenden dolayr da bina temellerinde yer degistirme oldugu tespit edilmistir. Ayrica heyelan
sonucu binalarin bahgeleri yol seviyesinden 60-80 cm arasinda diisey yonde yer degistirdigi
gorilmustiir. Ayni sistem ig¢inde “yer alan bir tatil kampinda yapilan incelemelerde de 2006 yih
baharinda baglayan ve halen devam eden kiitle hareketi sonucu 60 m yiiksekliginde ve yaklasik 65°
egime sahip olan sevin lst kesiminde heyelan sonucu gerilme ¢atlaklart ve oturmalar, topuk kesiminde
ise zemin deformasyonlari tespit edilmistir.

Bu ¢alismalar kapsaminda, kiitle hareketlerinin nedenlerinin anlasilmasi amaciyla heyelanli bélgenin
ayrintihi jeolojik, miihendislik jeolojisi, hidrojeolojik, jeoteknik ve jeofizik ¢aligmalan ile inceleme
alanina ait jeoloji ve mithendislik jeolojisi haritalar1 yapilmistir. Ayrica bolgede toplam uzunlugu
307.5 m olan 14 adet karotlu sondaj ile 17 noktada disey elektrik sondaj c¢alismalan
gerceklestirilmistir.  A¢ilan  sondajlar  sonucu elde edilen zemin &rneklerinin laboratuvarda
degerlendirilmesi sonucu inceleme alaninin killi ¢akilli (GC), inorganik siltli (ML, ¢= 36.5 kN/m’, ¢=
16°), kumlu-siltli inorganik killer (CL, c¢= 72.50 kN/m’, ¢= 8°) ile yiiksek plastisiteli inorganik
killerden (CH, ¢= 80.82 kN/m’, ¢= 7°) olustugu gorilmustiir. Heyelanh bolgede yeraltisuyu seviyesi
3-15.50 m arasinda degismektedir. Arazi gozlemleri, sondaj verileri ve sev durayhligi analizleri
sonucu yliksek plastisiteli inorganik killer i¢inde dairesel kaymanin meydana geldigi distinilmektedir.
Elde edilen veriler sonucunda dairesel kayma ozellikleri tasiyan kiitle hareketinin yasandigi bélgenin
ve cevresinin fosil heyelan bolgesi olmasina ragmen, gerekli miithendislik 6nlemleri alinmadan yanlis
yapilasmanin olmasi, altyapr yetersizligi, binalarda halen foseptiklerin kullanilmasi, gelismis
kanalizasyon ve drenaj sistemlerinin olmamasi nedeniyle bolgede bu tiir bir kiitle hareketinin meydana
geldigi saptanmustir.

Anahtar Sozciikler: Giizelyali (Canakkale), heyelan, fosil heyelan, sev durayhiligi, oturma, elektrik
rezistivite
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Evaluation of Mass Movement at South-West of Canakkale City (Giizelyah)

M. Celal Tunusluoglu, Oznur Karaca & Alper Baba

Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Boliimii, Terziogly Kampiisii,
TR—17020 Canakkale, Tiirkive (E-mail: ctonoz@gmail.com)

Canakkale, which is one of our swiftly developing cities in the last years, is located in the northwest of
Turkey. Therefore, it caused to start of the many of the construction projects such as roads, buildings,
light buildings, infrastructure, squatter’s houses and etc. During the swiftly developing period,
unsuitable areas are often tolerated to use, so nature of the balance was made unstable.

Giizelyal village locating in the southwest of Canakkale, is one of the holiday resorts of the city. In
this region, a mass movement occurred in November 2001 and attested an increase in slope instability
during January 2004. According to the investigation in spring 2005 and autumn 2008, the mass
movement is directly related to intense autumn and winter rainstorms that were registered in those
years. As a result of the mass movement, shear diagonal cracks on the walls of light buildings and
their garden walls (15 cm) located on the landslide area were constituted. Nonetheless, several light
buildings where located on the toe of the rotational slide, were tilted about 6° and vertical downward
displacement at the base of foundations (15-20 cm) and between road level and light buildings garden
(60-80 cm) were observed due to mass movement. In autumn 2008, during the site investigation at a
holiday camp located near the unstable area, the slope instability, which occurred in spring 2006, was
recognized. The slope height and angle are 60 m and 65°, respectively. Due to the mass movement,
several tension cracks and settlement behind the crest of the slope and ground deformation on the toe
of the slope were identified.

In this study, detailed geological, engineering geological, hydrogeological, geotechnical and
geophysical investigations were carried out in order to understand the reasons causing this mass
movement in the landslide area. Also, geological and engineering geological maps of the landslide
area were prepared. Fourteen geotechnical boreholes with total depths of 307.5 m were drilled and
geophysical investigations (electrical resistivity) at 17 locations were performed. According to the
Unified Soil Classification System, the samples taken from the boreholes are GC, ML (c= 36.5 kN/m?,
o= 16°), CL (c= 72.50 kN/m’, ¢= 8°) and CH (c= 80.82 kN/m’, ¢= 7°), and defined as clayey gravels,
inorganic silts, inorganic clays and inorganic clays of high plasticity, respectively. In this region, depth
of the groundwater level from the surface is between 3 and 15.50 m. Site investigations, borehole data
and the slope stability analyses suggested that the mass movement occurs in the inorganic clays of
high plasticity zone in the landslide area. Based on the data, it is concluded that although it is known
that the area is a paleolandslide area and under the threat of a circular failure, due to construction of a
number of buildings without any engineering measures, insufficient substructure, the use of poorly
developed sewage systems and poor drainage conditions, this mass movement has occurred.

Key Words: Giizelyah (Canakkale), landslide, paleolandslide, slope stability, settlement, electrical
resistivity
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(Quasi) 3B Sistemde Heyelan Blok Sinirlarimin Belirlenlemesi
Mustata Acar]‘z, Michaela Haber]er—Weberz, M. Tevfik Ozliidemir've Tevfik Ayan'
"[stanbul Teknik Universitesi, Insaat Fakiiltesi, Jeodezi Anabilim Dali, 34469 Maslak, Istanbul

(E-posta: acarmusta@itu.edu.tr)
Vienna University of Technology, Institute of Geodesy and Geophysics, A-1040 Vienna, Avusturya

Heyelan hareketlerini izleme ¢alismalari jeodezik ¢alismalar iginde ¢ok dnemli bir yer tutmaktadir. Bu
tir calismalarda, heyelanh bolgeler farkli hizlarla farkli yonlere hareket eden farkl duraysiz bloklara
ayrilabilirler. Heyelant 6nleme ve etkilerinin azaltilmast ¢alismalarinda heyelan bloklarinin
belirlenmesi, o bdlgedeki heyelanin durayli hale getirilmesi ¢alismalarn ve heyelan hareketinin
gelecegi hakkinda onemli bilgileri saglarlar. Bu ¢alismada, heyelan bloklarinin belirlenmesi konusu
ele alinmistir. Heyelan bloklarinin belirlenmesinde yontem olarak (Quasi) 3-boyutlu bir sistemde 2B
(yatay) + 1B (dusey) konum bilesenlerinin birlesimi yaklasimi izlenmistir. Blok sinirlarinin
belirlenmesi amaciyla; kontrol noktalarinin yer degistirme vektorleri, afin koordinat doniisiimii ile
irdelenir. Farkli bloklardaki kontrol noktalarinin belirlenmesi yinelemeli bir ¢6ziimle yapilir ve ¢6ziim
algoritmasinin bazi adimlari Bulanik Cikarim Sistemleri (BCS) ile gergeklestirilir. Kontrol aglarinda
farkli zamanlardaki 6lgme periyotlari arasinda gergeklestirilen afin doniigsiimiinden elde edilen karesel
ortalama hata (so), birim deformasyon parametresi bilesenleri (e;, e,), interquartile range degeri, yer
degistirme vektorlerinin yont ve buytikligi ile kontrol noktalarina ait diisey konum degisimi gibi
veriler BCS’nde girdi degiskenleri olarak kullanilir. Bu ¢alismada, Marmara Denizi kiyisindaki
Biiyiikgekmece-Giirpinar  (Istanbul) heyelan bolgesinde ITU Jeodezi Anabilim Dali tarafindan
gerceklestirilen ‘Zemin Hareketlerinin Jeodezik Yontemlerle Saptanmasi® projesi kapsaminda
Temmuz 1996 ve Mart 1997°de gergeklestirilen GPS olgtimlerinin verileri kullanilarak bolgedeki
heyelan bloklarit BCS ile belirlenmistir. Degerlendirme sonucunda bdlgede hareket etmeyen bir blok,
orta ve biiylik yer degistirme degerlerine sahip olan iki blok olmak tizere ti¢ farkli heyelan blogu
belirlenmistir. [zlenen yaklasim ve elde edilen sonuglar bu ¢alisma kapsaminda sunulmaktadir.

Anahtar Sozciikler: heyelan, bulanik ¢ikarim sistemi, afin dontisiimii,, heyelan bloklari, birim
deformasyon
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Determination of Landslide Block Boundaries in Quasi 3D System

Mustafa Acar"z, Michaela Haberler—Weberz, M. Tevfik Ozliiddemir' & Tevfik Ayam1

"Istanbul Technical University, Geodesy Division, Maslak, TR~34469 Istanbul, Turkey
(E-mail: acarmusta@itu.edu.r)
“Vienna University of Technology, Institute of Geodesy and Geophysics, A-1040 Vienna, Austria

Landslide monitoring studies are one of the important geodetic applications. In such studies, landslide
areas can be divided into different blocks moving different directions with different velocities. In
landslide prevention and mitigation, determination of landslide blocks provides valuable information
about the character of the landslides and their future. In this study, determination of landslide blocks is
discussed. As the landslide block determination strategy of this study, combination of 2D (horizontal)
and 1D (vertical) positional components in a (Quasi) 3D system was used. For the purpose of block
boundary determination, displacement vectors of control points were analyzed using affine coordinate
transformation. Determination of control points on different blocks were carried out by an iterative
solution. Some steps of solution algorithm were accomplished by fuzzy inference systems (FIS). Such
outputs from the affine transformation between different measurement campaigns as root mean square
error (sy), strain parameter components, (e;, e,), interquartile range value, direction and size of the
displacement vectors and vertical changes in the position of control points can be employed as input
variables in FIS. In this study, GPS observations collected in a landslide area on Marmara shore near
Biiytkgekmece-Gurpmar (Istanbul) were analyzed. July 1996 and March 1997 data of the project,
namely ‘Project for Determination of Ground Movements by Geodetic Measurements’, was employed
for the determination of landslide blocks by FIS approach. As a result of the study, three different
landslide blocks, one stable, one with middle size displacements and the other with large
displacements were detected. In this paper, the applied strategy and obtained results are presented.

Key Words: landslide, fuzzy inference system, affine transformation, landslide blocks, strain
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Zigana Daginda 25 Ocak 2009 Giinii Meydana Gelen
Ci1g Olayindan Cikarilacak Dersler

Omer Murat Yavas

Afet Isleri Genel Miidiirliigii, Cig Arastirma-Gelistirme, Etiid ve Onlem Sube Miidiirliigii,
Eskisehir Yolu 10. km, 06800 Lodumlu, Ankara (E-posta. murat.yavas@afet.gov.tr)

Dogu Karadeniz B6lgesi’nin Trabzon ili ile Gimishane ili arasinda kalan Zigana Daglari, Karadeniz
Bolgesinde kis sporlart i¢in diizenlenmis olan alanlardan biridir. Sadece kayak sporu degil, aym
zamanda snow-board ve dagcilik gibi sporlarin yapildigr alanlardan da biri 6zelligindedir. Bu daghk
alan, Karadeniz Bolgesinin sahip oldugu tipik cografik yapis: itibariyle son derece egimli alanlara
sahiptir. 1700 m ile 2650 m arasinda degisen yiikseklikler arasinda yayilim gosteren bu alanda, kis
aylar1 boyunca siirekli degisen miktarlarda kar bulunmaktadir.

Alandaki kar miktarini ve bu miktarin tepe, sirt, vadi ve yamaglardaki degisimini belirlemek ise
herhangi bir 6l¢iim olmadig: i¢in zordur. Ancak bu alanda 6zellikle kuzeye ve kuzeybatiya bakan
yamagclar son derece fazla kar birikimlerine sahiptir. Yamag egimlerinin fazla oldugu bu alanlarda,
siddetli riizgarlar, ani sicaklik artislar, ¢cok soguk hava sonrasi kar yagislart gibi durumlarda ¢1g
olusabilmektedir.

Bu ¢iglardan biri de, 25 Ocak 2009 giinii meydana gelmis olup, 10 kisinin 6lgiimiine neden olmustur.
Bu olayda, dag yirtyisine ¢ikmis olan dagcilarin izledigi rota, o zamandaki kar kosullari, olay
oncesindeki ve olay anindaki meteorolojik sartlar, bir dag yuriyisiinde ekip olarak hareket tarzina
uyup uymama, vb kriterler bir araya getirilip, degerlendirildiginde ¢ikarilacak birgok ders oldugu
goriilmektedir.

Bu c¢alismada, yasanan bu elim afetten ¢ikarilmasi gereken dersler detayli bir sekilde verilmeye
¢alisilacaktir.

Anahtar Sozciikler: Zigana Daglari, kar, kar birikimleri, yiuksek egim, ¢1g, dagcilik, kayak, hareket
tarzi
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Lessons from Avalanche Accident Occurred in January 25, 2009
in Zigana Mountain

Omer Murat Yavas

Afet Isleri Genel Miidiirliigii, Cig Arastirma-Gelistirme, Etiid ve Onlem Sube Miidiirliigii,
Eskisehir Yolu 10. km, Lodumlu, TR—06800 Ankara, Tiirkiye (E-mail: murat.yavas@afet.gov.tr)

Zigana Mountains which is located between Trabzon and Giimiishane provinces in Eastern Black Sea
Region. These mountains are one of impovtant areas for winter sports. Skiing, mountaineering, snow-
boarding are possible in this area. This mountain region has typical Black Sea Region topographical
conditions with step slopes. Area extends between 1700 m and 2650 m elevation and has continuous
snow cover along winter season.

Determination of snow amount changes in hillside, slope side and valley side is very difficult, because
there is no observation. North and northwest facing slopes have a lot of snow accumulation.
Avalanches may occur from these slopes because of heavy winds, sudden temperature increaments,
snowfall after cold air.

An avalanche accident occurred on January 25, 2009 because of these reasons and ten people died
there. Accident showed us many lessons when looking the route which was selected by group, snow
conditions, meteorological conditions before and during accident, behaviours of group members.

This study includes these lectures detailly.

Key Words: Zigana Mountains, snow, snow accumulation, step slope, avalanche, mountaineering,
skiing, behaviours in the field

411



62 Tiirkiye Jeoloji Kurultayi, 13-17 Nisan 2009, MTA — Ankara

Tiirkiye’de ve Slovenya’da Uygulanan C1g Haritalama
ve Onlem Tekniklerinin Karsilastirilmasi Proje Calismasi Sonuglar

Omer Murat Yavas', Zafer Yazict', Gokhan Arslan', Nehir Varol® ve Mete Erengill

" Afet Isleri Genel Miidiirliigii, Cig Arastirma-Gelistirme, Etiid ve Onlem Sube Miidiirliigii,
Eskisehir Yolu 10. km, 06800 Lodumlu, Ankara (E-posta: omer.yavas@bayindirlik.gov.tr)
“Afet Isleri Genel Miidiirliigii, Avrupa Dogal Afetler Egitim Merkezi,

Eskisehir Yolu 10. km, 06800 Lodumlu, Ankara

Alp Daglarinin dogu ucu (Julian Alpleri) ile Karadeniz Soganli Daglarinin (Ovit Dagi Geg¢idi) orta
kisminin pilot proje alanlari olarak belirlendigi proje ¢alismasi, TUBITAK destegi ile ger¢eklestirilmis
olup, 2006 yilinin Ocak ayinda baglamis ve 2008 yilinin son giinii sona ermistir. Bu ¢alismada amag,
Slovenya ve Tiirkiye’de ¢1g haritalamas: tekniklerinin karsilastirilmasi ile uygulanan o6nlem
metotlarinin  karsilastirilarak, proje alanlarinda belirlenen 6nlem Onerilerinin  yapilabilirliginin
irdelenmesidir.

Calismada oncelikle proje alanlarinda yapilmis olan haritalama ¢alismalan degerlendirmeye alinmis,
ardindan her iilke kendi teknigini kullanarak diger tlkenin proje alanimmn ¢1g haritasim ¢ikarmistir.
Aradaki en buyiik fark, Slovenya’da sadece diisen ¢iglarin haritalanmasi iken, tilkemizde hem diisen
hem de diisme tehlikesi bulunan ¢i1g patika ve akma hatlarinin haritalanmasidir. Harita 6lgeklerti,
Slovenya’da baglangigta 1/50.000 ol¢eginde olarak gergeklesmis, daha sonra 1/25.000 olgege
doniilmiistiir. Ulkemizde ¢18 haritalamasi bastan beri 1/25.000 6lgeginde yapilmaktadir.

Onlem konusunda durum biiyiik fark gostermektedir. Slovenya’da ¢1§ énlemleri konusundan anlayan
herhangi bir uzman bulunamamaktadir. Mevcut uygulamalar ise, komsu tlkelerin hayata gegirdigi
uygulamalardir. Ulkemizde ise, durum farkli olup, iilkemiz ¢1§ uzmanlari tarafindan alinmasi gereken
onlemler belirlenebilmekte ve hayata gegirilen projeler degerlendirilebilmektedir. Kamu ve 6zel
tesebbisler arasinda bu projeler, tilkemizde hayata gecirilebilmektedir.

Ulkemiz tarafindan, her iki proje alaninda alinmasi gerekli énlemler belirlenmis olup, Slovenya’daki
proje alani ile ilgili olanlar ilgili kesimlerin gorislerine sunulmustur.

Bu ¢alisma, yukarida kisaca bahsedilen ikili uluslar arasi proje ¢alismasinin sonuglari hakkinda detayh
bilgiler igermektedir.

Anahtar Sozciikler: Julian Alpleri, Ovit dag1 gecidi, ¢1g haritalamasi, ¢1g onlemleri, ikili uluslar arasi
proje, ¢1g patikasi
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Results of Comparison of Turkish and Slovenian Avalanche Mapping
and Preventing Techniques Project

Omer Murat Yava$1, Zafer Ya21c1l, Gokhan Arslan', Nehir Varol® & Mete Erengil1

" Afet Isleri Genel Miidiirliigii, Cig Arastirma-Gelistirme, Etiid ve Onlem Sube Miidiirliigti,
Eskisehir Yolu 10. km, Lodumlu, TR—06800 Ankara, Tiirkive (E-mail: omer.yavas@bayindirlik.gov.tr)
* Afet Isleri Genel Miidiirliigii, Avrupa Dogal Afetler Egitim Merkezi, Eskisehir Yolu 10. km,
Lodumlu, TR-06800 Ankara, Tiirkive

Project study on eastern part of Alps called Julian Alps and Black Sea Soganli Mountains (Ovit
Mountain Pass) realized with financed by TUBITAK. Project studies started o January 20096 and
finished at the end of 2008. The aim of this study was comparison of avalanche mapping techniques
and prevention measures between Slovenia and Turkey and discussion of applicabilities of these
preventions.

In the project, first of all, evaluate mapping studies for two pilot areas and then, each country prepared
avalanche danger map for pilot project areas for other country project area. Biggest difference between
two country techniques is, while Slovenian prepare avalanche danger map just for definite avalanche,
Turkish experts prepare this maps for definite and possible avalanche paths. At the beginning
Slovenians prepared these maps on 1/50.000 scale, then they changed the sclae to 1/25.000. In Turkey,
these maps prepare on 1/25.000 since the first day.

There is big difference on prevention subject. There is no expert who is educated on avalanche
prevention subject in Slovenia. Applications realized by neighbourhood countries. In Turkey, our
experts can select the type of necessary prevention structures and evaluate the designs. State

organizations and priveta companies can build these structures.

Turkish avalanche experts determined avalanche prevention structures for both Project areas, and
presented related state organizations in Slovenia.

This study include detaled informations about this bi-lateral international corporation.

Key Words: Julian Alps, Ovit mountain pass, avalanche mapping, avalanche prevention, international
bi-lateral corporation, avalanche path
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Yeni Bir Kent Gelisirken Zeminin Tam Olarak Anlagilmasinin Onemi

A. Brian Hawkins

University of Bristol; Editor, IAEG Bulletin, Charlotte House, 22 Charlotte Street,
Bristol BSI 5PZ, UK (E-posta: brian_hawkins@btconnect.com)

Gegmiste kentler, ulasimin (nehir veya liman) kolay ya da ticaret, endiistri, dini iliskiler veya dogal
harikalar gibi baz1 6zelliklerin oldugu yerlerde gelismistir. Ayrica, tarim egemen yasamdan sanayiye
gecis doneminde, gelisen kentlesme daha biiyiik kentlere biiyiiyebilecek kiiglik pazar kasabalarinin
kurulmasina yol agmistir. Artan niifusla birlikte, giiniimiizde yeni bir kentin gelismesi politik bir karar
olabilir. Ayrica, deprem gibi dogal bir afetten sonra bir kasabanin veya kentin daha giivenli bir alanda
yeniden konuglandirilmasi da gerekli olabilir.

Miihendislik jeologlari; yer segimi, topografya, dnceki kullanimlar, depremsellik, yiizeydeki ¢okellerin
kalinhg1, tasiyici zeminin 6zelligi, zeminin kimyasal ozelligi ile yapilar ve destek olanaklarini igeren
yeni kentlerin gelisimiyle ilgili pek ¢ok ¢alismada gérev almaktadirlar.

Bu hususlarin pek ¢ogu miihendislik jeologlarinca ¢ok 1yi bilindigi gibi, bu sunum; Atterberg limitleri,
biiziilme/sisme, sev durayliligi ve zeminde siilfat gelisimi gibi zeminin kimyasal 6zelliklerindeki
degisimlerle ilgili dort konu tizerinde yogunlasacaktir.

Pek ¢ok miihendis Atterberg limitlerinin indeks deneyler oldugunu kabul eder, ancak zeminin
kimyasal bilesimindeki bir degisim likit ve plastik limitleri, dolayisiyla plastisite indeksini &nemli
diizeyde degistirebilir. Bozunma sirasinda illitin smektit grubu kil minerallerine doniisiimi, temel
zeminlerinin biziilmesi ve sismesi ile sevlerin duraylih@ {izerinde énemli bir etkiye sahip olabilir.

Sev durayliligi genellikle jeolojinin anlasilmasina ve jeoteknik deneylere dayali olarak degerlendirilir.
Bununla birlikte, laboratuvarda belirlenen makaslama dayanimi parametreleri jeoteknik deneylerde
kullanilan sivimin  kimyasina baghi olarak degisecektir. Dogada kalsitin yenilme ylizeylerinde
birikmesi, gegici bir kilitlenmeye ve bdylece yagmur nedeniyle tuzlann ¢oziinmesi halinde azalabilen
zahiri bir durayliligin gelismesine neden olabilir.

Denizel ¢amurtaslari sakin su ortamlarinda olustuklari zaman, degisken sekilde laminali olurlar ve
hem kalsiyum karbonat hem de demir siifitleri igeririler. Demir silfitlerin oksidasyonu ve ayrismasi,
betonun émrii agisindan zararli olmasinin yani sira ayni zamanda zeminde kabarmaya da neden olan
kalsiyum siilfatlarin olusumuna yol agar.

Bir ka¢ y1l once Atinada’ki bir toplant sirasinda Peter Vaughan, genel olarak jeomekanik dah gayet
gelismis bir duruma gelmekle birlikte, zemin kimyasinin etkisinin mithendisler tarafindan hem iyi
bilinmedigini hem de buna deger verilmedigini belirtmistir. Bu sunumda, yukarida belirtilen zemin

kimyasiyla ilgili hususlar ve bunlarin yeni kentlerin gelismesi tizerindeki etkileri tartisilacaktir.

Anahtar Soézciikler: zemin sufatlari, tagiyici zemin, Atterberg limitleri, yer se¢imi
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Importance of a Full Understanding of the Ground
When Developing a New City

A. Brian Hawkins

University of Bristol; Editor, IAEG Bulletin, Charlotte House, 22 Charlotte Street,
Bristol BS1 SPZ, UK (E-mail.: brian_hawkins@btconnect.com)

In the past, cities developed either where there was an ease of communication (river or port) or related
to some particular nucleus, such as a trade or industry, religious connection or natural phenomenon. In
addition, with the movement from a dominantly agricultural to a mainly industrial workforce,
progressive urbanization resulted in small market towns growing into larger conurbations. Nowadays,
with an increasing population, the development of a new city may be a political decision. Further,
following a natural disaster (such as an earthquake), it may necessary to re-locate a town/city to a safer
area.

Engineering geologists are involved with many aspects of the development of new cities, including
site selection (location), topography, previous uses, seismicity, thickness of superficial deposits, nature
of ground-bearing strata, ground chemistry, infrastructure and support facilities.

As many of these aspects will be well known to engineering geologists, the lecture will concentrate on
four issues associated with changes in ground chemistry: Atterberg limits and shrink/swell, slope
stability and the development of ground sulphates.

Many engineers assume that the Atterberg limits are index tests, but a change in the soil chemistry can
significantly modify the liquid and plastic limit and hence the plasticity index. The modification of
illite to illite: smectite clay minerals during weathering can have a significant effect on the
shrink/swell potential of foundation soils and the stability of slopes.

Slope stability is generally assessed based on an understanding of the geology and geotechnical
testing. However, the shear strength parameters obtained in the laboratory will vary depending on the
chemistry of the fluid used in the geotechnical testing. In nature, the precipitation of calcite on failure
surfaces can cause temporary locking, thus creating an apparent stability which may be reduced when
rainfall results in dissolution of the salts.

Where marine mudrocks have developed in a quiet water environment, they are invariably laminated
and contain both calcium carbonate and iron sulphides. The oxidation and degradation of the iron
sulphides results in the production of calcium sulphates which are not only very deleterious to the
longevity of concrete but are also likely result in ground heave.

Some ten years ago, at a meeting in Athens, Peter Vaughan commented that in general the mechanics
of the ground were becoming well established but the influence of ground chemistry was neither well
known nor appreciated by most engineers. The lecture will discuss some of the aspects of ground

chemistry mentioned above and their implications for the development of new cities.

Key Words: ground sulphates, ground-bearing strata, Atterberg limits, site selection
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Trabzon ili Kati Atiklar1 i¢in Diizenli Depolama Yeri Sec¢imi ve Onerilen Diizenli
Depolama Alaninin Miihendislik Jeolojisi Acisindan Incelenmesi

Hakan Ersoy ve Fikri Bulut

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon
(E-posta: blavetirra@hotmail.com)

Bu ¢alismada Trabzon ilindeki mevcut kati auk yonetim sistemi ve aksakliklart incelenmis, analitik
hiyerarsi yontemi ve konumsal analiz teknikleri kullanilarak kati auk dizenli depolama uygunluk
haritas: iretilmistir. Uygunluk haritasindan, Dtzyurt Mevkii’'nde bulunan eski bir acgik isletme
sahasmin Trabzon ili i¢in en uygun diizenli depolama alani olacagi belirlenmis ve bu alan jeoteknik
a¢idan incelenmistir.

Onerilen diizenli depolama alanindaki jeoteknik birimleri tanimlamak, yanal ve disey devamhiliklarim
belirlemek amaciyla yiizey (hat etiidi ve sismik kirilma) ve yeralu ¢alismalar  (sondaj)
gergeklestirilmis ve bu alaninin 1/2000 6l¢ekli mithendislik jeolojisi haritast hazirlanmistir. Kaya
ortaminin gegirimliligini belirlemek amaciyla basigh su deneyleri uygulanmistr.

Jeoteknik birimlerdeki kaya malzemesinin fiziksel ve dayanim 6zelliklerini belirlemek i¢in araziden
alman bloklar ve sondaj karotlari ilizerinde laboratuvar deneylert uygulanmistir. Siireksizliklerin
ozelliklerini belirlemek amaciyla hat etiidii ¢aligmalari yapilmus, farkli streksizlik takimlari igin
siireksizlik ara uzakligl, ac¢ikhigi, purizliligi, bozunma derecesi, devamlilign gibi parametreler
belirlenmistir.

Kaya kiitlelerinin mihendislik ¢zellikleri RMR sistemi ile belirlenmis, depolama alanindaki sevlerin
duraylhiligi kinematik analizler SMR sistemi kullanilarak arastirtlmistir.

Diizenli depolama alanmn projelendirilmesi swrasinda kazi ortaminin  tanumlanmasi ve kazi
makinelerinin se¢iminin yapilabilmesi amaciyla, kayaglarin kazilabilirlik dereceleri sismik kirtlma
yontemiyle ve jeomekanik parametrelerle belirlenmistir.

Sonu¢ olarak, diizenli depolama alani olarak 6nerilen Dizyurt eski acik isletme sahasimn jeoteknik
agidan  uygun oldugu belirlenmis ve diizenli depolama i¢in projelendirilme ¢alismalan

gerceklestirilmistir.

Anahtar Sozciikler: dizenli depolama, jeoteknik, kat1 atik, Trabzon, yer se¢imi

416



Landfill Site Selection for Solid Wastes in Trabzon
and Engineering Geological Assessment of Proposed Landfill Site

Hakan Ersoy & Fikri Bulut

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, TR—61080 Trabzon, Tiirkive
(E-mail: blavetirra@hotmail.com)

In this study, solid waste management strategy and its faults were investigated in Trabzon city, landfill
suitability map were prepared by using AHP and spatial analysis techniques. It is concluded that,
Diizyurt area was suggested as the most suitable landfill site for Trabzon and geotechnical
investigations were performed in this site.

Subsurface and surface studies were conducted for description of vertical and horizontal homogeneity
of geotechnical units in the site, and 1/2000 scaled engineering geological map was prepared. Lugeon

tests were applied for determination of bedrock permeability.

In the laboratory studies, physical and strength properties were determined on the samples collected
from the boreholes and rock blocks.

In the field, scan-line surveys on natural rock exposures were performed and the quantitative
description of discontinuities was conducted.

Engineering properties of rock masses were performed with the RMR system and stability of slopes
was investigated using SMR system

During the landfill project, to describe the area to be excavated and to select suitable excavating
equipments, excavatability properties of the rock masses were determined using the seismic methods

and geomechanic parameters.

It 1s determined that proposed landfill site, an old open pit area, is geotechnically suitable. Besides,
project studies to the landfill site for Trabzon city were performed.

Key Words: sanitary landfilling, geotechnic, solid waste, Trabzon, site selection
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Tiirkiye’de Kent Planlamasi ve Jeoteknik Calismalarin Gelisimi

Ayhan Kog¢bay ve Hiiseyin Alan

TMMOB Jeoloji Mithendisleri Odasi, Bayindr Sokak, No: 7/7, 06440 Yenisehir, Ankara
(E-posta. ayhankocbay@gmail.com)

Kentsel planlama; bélgenin sosyal ve ekonomik refahi ile fiziksel gelismesinin, ¢evre duyarl stirdiirebilir
bir ortamda saglanmasimin ilkelerini, kosullarmi ve kolayliklarimi ortaya koymak i¢in yapilan bir
calismadir. Planlamanin temel amaglarindan biri, niifus artisina ve niifus hareketliliginden kaynaklanan
konutlandirma sorununa yeterli sosyal ve fiziksel alt yapr saglayarak toplumun saghkli cevrede
yasamasina zemin hazirlamaktir. Buna bagli olarak da duzenli bir kentlesme, ana hatlari ile imar
planlarinin ve imar planina uygun yapilarin yapilmasi siire¢lerinden gegmelidir. Bir kent planlamasi
igerisinde yer alabilecek bina, yol, koprii, sanayi tesisleri, su depolar, park yerleri, yesil alanlar, atik
depolama alanlar1 vb. degisik nitelikteki yapilar i¢cin yapilacak yer se¢iminde, bolgenin jeolojik ve
Jeoteknik kosullarinin 6nemi biiyiiktir. Dolayisiyla ¢agdas bir kent planlamasi, ancak bélgenin jeolojik
ve jeoteknik kosullart ile dogal ¢evre kosullarmin birlikte degerlendirilmesi ve bagdastirilmasi ile
mimkiin olabilir.

Turkiye’de kent planlama disiincesi ilk olarak 1840’ I1 yillarda ortaya ¢ikmis ve yaklasik 100 yillik bir
siire¢ sonunda 1940°lardan sonra hizli bir gelisim izlemistir. 1848 yilinda ‘Ebniye Nizamnamesi’'nin
¢ikarilmasi, 1857 de Tirkiye de Galata-Beyoglu’nda ilk belediyenin kurulmasi, 1928 yilinda Ankara
Imar Midirliginin kurularak 1930’lu yillarin basinda ‘Belediyeler Yapi ve Yollar Kanunu’'nun
¢ikartilmasi, 1944 yilinda 4623 sayili ‘Yer Sarsintilarindan Evvel ve Sonra Almacak Tedbirler
Hakkinda Kanun’ nun yirirlige girmesi, 1945 yilinda Tiirkiye’nin ilk ‘Deprem Bolgeleri Haritasi’ nin
olusturulmasi, 1956 yilinda 6785 sayili ‘Imar Kanunu’, 1975 yilinda ‘Afet Bolgelerinde Yapilacak
Yapilar Hakkinda Yonetmelik’in yiiriirliige girmesi, 1985 yilinda 3194 sayili ‘Imar Kanunu'nu, 1996
yihinda Tirkiye Deprem Bolgeleri haritasi yeniden diizenlenerek, ‘Afet Bolgelerinde Yapilacak
Yapilar Hakkindaki Yonetmelik’in 1998 yillindan itibaren uygulamaya ge¢ilmesi en 6nemli
asamalardir. 17 Agustos 1999 depreminden sonra ise, afet risklerinin azaltilmasinin geleneksel
planlama yontemleri ile yapilmasinin yerine ‘afet duyarli planlama’ kavramlar tartisiimaya
baslanmistir. Bundan sonraki siire¢, planlamada kullanilan yerbilimsel etiit raporlari, ¢esithi
asamalardan gegerek afet tehlike ve risklerinin birlikte degerlendirildigi ‘mikrobélgeleme haritalart”
nin elde edilmesi olarak gelismis ve sonugta ¢alismalarin bir tiir sentezi niteliginde olan ‘Yerlesime
Uygunluk Degerlendirmesi’ yolu ile plan kararlarini yonlendirmistir.

Ayrica tiinel, metro, galeri gibi yeralti agikliklan ve yol, kanal, isale hatti gibi ¢izgisel yapilar ile ilgili
olarak ¢esitli kanun ve yonetmelikler ¢ikartilarak jeolojik-jeoteknik etiit ¢alismalarimin yapilmasi

zorunlu hale getirilmistir.

Anahtar Sozciikler: planiama, imar, afet, mikrobolgeleme, jeoteknik
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Urban Planning in Turkey and Development of Geotechnical Studies

Ayhan Kocbay & Hiiseyin Alan

I'MMOB Jeoloji Miihendisleri Odasi, Bayindir Sokak, No: 7/7, Yenisehir,
T'R—06440 Ankara, Tiirkive (E-mail: avhankocbay@gmail.com)

Urban planning is a study performed to put forth the principles, conditions and facilities of providing
the social and economic welfare and physical development of the region in a sustainable medium
sensitive to environment. One of the basic aims of planning is to provide a basis for the society to live
in a healthy environment by supplying sufficient social and physical infrastructure to population
growth and housing problem arising from population movements. Correspondingly, an orderly
urbanization should pass through processes of making outlined development plans and construction of
buildings complying with the development plans. Geological and geotechnical conditions of the region
have great importance in site selection for the buildings, roads, industrial plants, water tanks, parks.,
green areas, waste depositing areas, etc. buildings of different nature that may be included in a Urban
planning. Therefore, a contemporary Urban plan may be possible only by .co-evaluation and
correlation of geological and geotechnical conditions and natural environmental conditions of the
region.

The idea of Urban planning in Turkey first appeared in 1840s and had a rapid progress after 1940s at
the end of a process of about 100 years. The most important stages are introduction of ‘Building
Regulation” in 1848, establishment of the first municipality in Turkey in Galata-Beyoglu in 1857,
making of ‘“Municipalities Building and Road Act’ in early 1930s after the establishment of Ankara
Development Office in 1928, ‘Law on Measures Before and After Earthquakes® of N0.4623 going into
effect in 1944, forming the first earthquake map of Turkey in 1945, ‘Zoning Law’ of No0.6785 going
nto effect in 1956, ‘Regulation on Buildings Constructed in Disaster Areas’ in 1975. re-arrangement
of “Zoning Law’ of No.3194 and Turkish Earthquake Regions Map in 1996, and implementation of
‘Regulation on Buildings Constructed in Disaster Areas’ from 1998. After the carthquake of August
17, 1999, discussion of ‘disaster sensitive planning” concept instead of reducing the disaster risks by
traditional planning methods started. The next process is developed as obtaining ‘micro-zoning areas’
where geological study reports used in planning have gone through many stages and disaster hazards
and risks are jointly evaluated: and as a result, they have oriented the plan decisions by way of
‘Evaluation of Land Use Suitability” which is a kind of synthesis of the studies.

Besides, miscellaneous laws and regulations are made concerning underground clearances such as
tunnel, subway, gallery, and linear structures such as highway. channel, water pipeline, and

geological-geotechnical studies are made mandatory.

Key Words: planning, zoning, disaster, micro-zoning, geotechnical
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Tiinel Cevresindeki Deformasyon Alaninin 3-Boyutlu Sayisal Model Ile
Degerlendirilmesi: Klle:l_y—Cayyolu Metro Hatti,
Necatibey istasyonu Uzerine Bir Calisma

Ozgiir Aktiirk ve Vedat Doyuran

Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Inonii Bulvart,
06531 Ankara (E-posta: akturk@metu.edu.tr)

Kentsel alanlarin yiksek maliyeti ulasim tiinellerine olan gereksinimi 6nemli Slgiide arttirmistir.
Yogun yerlesim alanlarinda tinel insaatindan kaynaklanan deformasyonlar g¢evredeki yapilarda
hasarlara yol agabilir. Bu nedenle, tiinel insaasindan kaynaklanacak deformasyonlarin boyutunun
belirlenmesi gerekmektedir. Dairesel bir agikligin etrafindaki zeminde yenilme ve deformasyon
durumunu etkileyen ana parametreler; diisey ve yanal yerinde gerilmelerin seviyesi, zemin 6zellikler,
acikligin gapi ve destek basincidir. Kizilay-Cayyolu metro hatti, Necatibey [stasyonu kazilar1 sirasinda
heterojen ve suya doygun zemin kosullarinimin yol agtig1 6nemli sorunlarla kargilagilmistir. Yiizey ve
yeralti yapilarinda beklenen olasi hasarlar sonlu farklar yontemi (FDM) ile hesaplanabilir.

Bu calismada, tiinel insaasindan kaynaklanan deformasyonlan degerlendirmek. peron ve baglanti
tiinelleri boyunca olusan gerilme dagilimlarimi belirlemek amaciyla ii¢ boyutlu (3D) sonlu farklar
yontemine dayali analizler yapilmistir. Birbirini izleyen kazi asamalari sirasinda kullanilan gegici ve
kalic1 piiskiirtme beton kaplama da ayrica modellenmistir. Zemin davranisinin Mohr-Coulomb
yenilme kriterini temel alan elastik-mitkemmel plastik kosullara uydugu kabul edilmistir. Ttneller
etrafindaki hesaplanan deformasyonlar ve gerilme dagilimlari yerinde dlgtimler ile karsilastirilmistir.
3-boyutlu elasto-plastik analiz sonuglarinin yerinde dlgtimler ile uyumlu oldugu goériilmiistir. Bu
calismada ayrica, peron tinelleri kazilarimin birbirlerine ve baglanti tiinelleri kazilarinin da peron
tiinelleri tizerindeki kisa ve uzun donemdeki etkileri belirlenmistir. Bu etkilesimler dikkate alinarak
gerekli iyilestirme yontemleri onerilmistir.

Anahtar Sozciikler: Kizilay-Cayyolu metro hatti, Necatibey istasyonu, dairesel agiklik, 3-D sayisal
model, sonlu farklar yontemi, elastik-miukemmel plastik kosul
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Assessment of Tunnel Induced Deformation Field Through 3-D Numerical
Model, A Case Study: Necatibey Station, Kizilay-Cayyolu Subway Line

Ozgiir Aktiirk & Vedat Doyuran

Middle East Technical University, Department of Geological Engineering, Inonu Blvd.,
TR-006531 Ankara, Turkey (E-mail: akturk@metu.edu.tr)

The high cost of urban space has significantly increased the demand for transportation tunnels in the
urban centers. In heavily settled areas, deformations induced by the tunnel excavation may cause
serious damage to nearby structures. Therefore, it is necessary to study effective means of controlling
tunnel induced deformations. The main parameters affecting the failure and deformation state of the
soil around a circular underground opening are the levels of vertical and horizontal in situ stresses, the
characteristics of the soil, the diameter of the opening, and the support pressure. During the
construction stage of Necatibey Station of Kizilay-Cayyolu metro line, challenging ground conditions
involving highly heterogeneous and water saturated foundation soils have been encountered.
Possibility of damage at the surface and/or on the underground structures can be estimated using finite
difference method (FDM) of analysis.

In this study, 3-Dimensional (3D) FDM analyses were conducted to assess tunneling induced
deformations, stress redistribution, along with movements around shallow soft ground main tunnels
and connection tunnels. During sequential excavations, temporary and permanent shotcrete lining was
also simulated. The soil behavior is assumed to be governed by an elastic-perfectly plastic constitutive
relation based on the Mohr—Coulomb criterion. The computed deformations and the stress distribution
around these openings have been compared with the in-situ measurements. The results of the study
revealed that the 3-D elasto-plastic analyses yield comparably good correlation with the in-situ
measurements. Also, in this study, the affects of main tunnels excavations on eachother and the affects
of connection tunnels excavations on main tunnels were identitied within short and long term.
Considering these interactions, remedial measures were suggested.

Key Words: Kizilay-Cayyolu metro line, Necatibey station, circular opening, 3-D numerical
modeling, finite difference method, elastic-perfectly plastic constitutive relation
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Necatibey Metro Istasyonu Cevresinde Zemin Profilini Belirlemek
Icin Yapilan Cok Elektrotlu (2D) Rezistivite Arastirmalari

Ozgiir Aktiirk ve Vedat Doyuran

Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, Inonii Bulvart,
06531 Ankara (E-posta. akturk@metu.edu.tr)

Son yirmi yillik deneyimler diisey elektrik sondaji yonteminin 6nde gelen kisitlamasinin yakin ytzey
rezistivite degerlerindeki yanal degisimleri hesaba katmayisi oldugunu gostermistir. Yeralunmin ¢ok
daha hassas degerlendirilmesi, arastirma kesiti boyunca diisey yondeki rezistivite degerleri
degisimlerinin yani sira, yanal yondeki degisimlerin de hesaba katldigr 2-boyutlu (2D) modeller ile
yapilabilir. Bu durumda, rezistivite degerlerinin aragtirma kesitine dik yonde degismedigi varsayihr.
Bu husus, genellikle yanal devamlihgi olan litolojik birimler igin kabul edilebilir bir varsayimdir.
Kuramsal olarak, 3-boyutlu rezistivite arastirmalari ve buna bagh yorum modelleri daha hassas
olmahdir. Ancak giiniimiizde, daha ekonomik ve pratik olan 2-boyutlu rezistivite uygulamalart ile de
hassas sonuglar elde etmek miimkiindiir. 2-boyutlu goriintiileme arastirmalar1 100 ila 1000 6l¢iim
icerirken, tipik 1-boyutlu diisey elektrik sondaji genellikle 10 ila 20 Slgtim igerir. Buna karsin, 3-
boyutlu aragtirmalar birka¢ bin 6l¢iim igerebilir.

Ornek bir ¢calisma olarak, Kizilay-Cayyolu metro hatti Necatibey Metro Istasyonu ¢evresindeki zemin
profilini belirlemek icin ¢ok elektrotlu rezistivite yontemi uygulanmustur. Her oSleiim kesiti igin
Schlumberger N6-Dipol Dipol N4, Dipol Dipol N6, Schlumberger N6 ve Wenner Alpha elektrot
dizilimleri kullanilmistir. Olgiilen degerler Res2DINV programu ile yorumlanmis ve sondaj loglar ile
denestirilmistir. Rezistivite kesitlerinde Necatibey Istasyonu mevkiinde, Dikmen deresi kanal
dolgusuna ait siltli kil ve ¢akilli kum seviyeleri yanisira bunlarin Gzerindeki dolgu malzemes: ve
altindaki Ankara kiline ait killi seviyeler ayirdedilmistir. Sondaj loglan ve rezistivite degerleri birlikte
yorumlanarak arastirma sahasimin 3-boyutlu yakin yiizey modeli olusturulmustur. Uretilen blok
diyagramiar, insaat asamalarinin planlanmasi, kisa ve uzun dénemde yeraltisuyu-yapi etkilesimleri ve
olasi iyilestirme yontemlerinin belirlenmesi asamasinda mithendislere pratik yaklagim olarak hizmet
verebilecektir.

Anahtar Sozciikler: cok elektrotlu rezistivite profili, 2-boyutlu rezistivite modeli, 3-boyutlu yakin
yuzey modeli, Necatibey metro istasyonu
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Multi-Electrode (2D) Resistivity Surveys to Identify Soil Profile
Around Necatibey Subway Station

Ozgiir Aktiirk & Vedat Doyuran

Middle East Technical University, Department of Geological Engineering, Indnii Bivd.
TR—06531 Ankara, Turkey (E-mail: akturk(@metu.edu.tr)

The last two decades’ experiences have shown that the greatest limitation of the resistivity sounding
method is that it does not take horizontal changes in the subsurface resistivity into account. A more
accurate assessment of the subsurface may be achieved through a two-dimensional (2-D) model,
where the resistivity changes in the vertical as well as in the horizontal directions along the survey line
are taken into account. In this case, it is assumed that the resistivity does not change in the direction
perpendicular to the survey line. In many situations, particularly for surveys over elongated geological
bodies, this is a reasonable assumption. In theory, a 3-dimensional (3D) resistivity survey and
interpretation model should be even more accurate. However, at the present time, 2-D surveys are the
most practical economic compromise between obtaining very accurate results and cutting the survey
costs down. Typical 1-D resistivity sounding surveys usually involve about 10 to 20 readings, while 2-
D imaging surveys involve about 100 to 1000 measurements. In comparison, a 3-D survey might
involve several thousand measurements.

As a case study, multi electrode resistivity method was applied in order to identify soil profile around
Necatibey Subway Station of Kizilay-Cayyolu metro line. For every measurement section,
Schlumberger N6-Dipole Dipole N4, Dipole Dipole N6, Schlumberger N6 and Wenner Alpha arrays
were used. Measured data were interpreted by using Res2DINV software and correlated with borehole
logs. According to resistivity sections taken from the location of Necatibey Station, silty clay and
gravelly sand units which belong to Dikmen stream channel deposits, as well as fill material overlying
and clayey levels which belong to Ankara clay underlying these units were identified. Based on
borehole logs and resistivity data 3-dimensional lithological subsurface model of the survey area is
constructed. The resultant 3-dimensional diagrams may serve engineers as a practical tool while
considering construction stages, groundwater-structure interactions within short and long term, and
probable remedial measures.

Key Words: multi-electrode resistivity profile, two-dimensional resistivity survey, 3-dimensional
subsurface model, Necatibey subway station
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Tiinellerde Niimerik ve Ampirik Yontemlerle Belirlenen Destek
Elemanlarimin Karsilastirilmasi: Konakénii Tiineli Ornegi, Trabzon

Ayberk Kaya ve Fikri Bulut

Karadeniz Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 61080 Trabzon
(E-posta: ayberkkaya@hotmail.com)

Tunelcilikte kazi asamasindan 6nce yapilacak dogru destek tasarimi hem maliyet hem de zaman
agisindan oldukea dnemlidir. Yeralti kazilarin tasariminda yaygin olarak kullanilan Q ve RMR kaya
kiitle siniflamalar1 tiim kaya kitleleri i¢in her zaman tatmin edici sonuc¢lar verememektedir. Bu
nedenle ampirik analizlerle belirlenen tahkimat tasarimimin niimerik analizlerle de desteklenmesi
projenin uygulanabilirligine katkida bulunacakur.

Bu ¢ahiymada, Karadeniz Sahil Yolu Projesi kapsaminda Trabzon ili Arakh il¢esinde cift tiip olarak
volkanik kayaglarin i¢inde agilan Konakénii Tineli’nin sol tip giris portali, pilot bolge olarak
segilerek niimerik ve ampirik yontemlerle belirlenen destek elemanlari karsilastirilmistr. Ayrismis
bazaltik ve andezitik tiiflerden, aglomeradan ve bazalttan olusan kaya kiitleleri Q ve RMR sistemleri
ile siniflandirilarak destek elemanlart belirlenmistir. Belirlenen destek elemanlari ** Phase  sonlu
elemanlar paket programi ile kontrol edilmis ve ampirik yéntemlerle belirlenen destek elemanlarinin
deplasmanlari tam olarak azaltmadigi saptanmustir.

Anahtar Sozciikler: Konakonii (Trabzon), tiinel, tahkimat tasarimi, niimerik yontem, ampirik yontem
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Comparison of the Support Elements Determined by Numerical and Empirical
Methods in Tunnels: An Example of Konakonii Tunnel, Trabzon

Ayberk Kaya & Fikri Bulut

Karadeniz Technical University, Department of Geological Engineering,
TR—61080 Trabzon, Turkey (E-mail: ayberkkaya@hotmail.com)

In tunnelling determination of the right support elements before excavation is too important in terms
of both cost and time. Q and RMR systems, are using for underground excavation design widely, dont
give a satisfactory results for all rock masses and using these methods as a unique solution way make
problems insoluble too. Therefore, improve the support design, determined by empirical method, with
numerical method help the project to applicable.

In this study, support elements determined by numerical and empirical methods of the left tube’s
entrance portal of the Konakoni (Arakli-Trabzon) Tunnel was chosen as a pilot area, excavated in
volcanic rocks for Blacksea Coast Highway Project, were compared. Rock masses consisting of
weathered andesitic and basaltic tuff, agglomerate and basalt were classified by using Q and RMR
systems and support elements were determined. Supports elements were controlled by ** Phase’ ” finite
element program and it was determined that supports element which were determined by empirical
methods didnt decrease the displacements exactly.

Key Words: Konakonii (Trabzon), tunnel, support design, numerical method, empirical method
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Trabzon Liman Ana Dalgakiraninda Kullanilan Anrosmanlarin
Kalite ve Performanslarinin Degerlendirilmesi

Ozgiir Acir' ve Recep Kilig?

"Ankara Universitesi, Fen Bilimleri Enstitiisii, 06100 Tandogan, Ankara
(E-posta: ozguracir(@tr.net)
* Ankara Universitesi, Jeoloji Miihendisligi Béliimii, 06100 Tandogan, Ankara

Yapimina 1948 yilinda baslanan ve 1953 yilinda resmi olarak hizmete giren Trabzon Limani’nin ana
mendiregi 1.135 m, tali mendiregi ise 380 m. uzunlugundadir. Limanin korudugu su alan1 580.000 m’
dir. Ana mendirek ilk 6nce yerinde imal edilmis 1.75 x 1.75 x 1.75 m boyutlarindaki beton bloklardan
yapilmigtir. 2001 yilindaki ana mendiregin uzatilmasi ¢alismalarinda da yine ayni boy ve kesitteki
beton kiipler kullanilmistir. Bunlara takviye amagh olarak, dalgakiranin orta kisminda kullanilan,
toplam 1.100.000 ton anrosman 1980—1985 yillar arasinda siirdiiriilen yenileme ve gelistirme projesi
kapsaminda Magka Cayinin denize dokiildiigii yerden 10 km igeride, giineyde yer alan ‘Dolayli” ve
‘Bulak’ tas ocaklarindan temin edilen bazaltlardan olusmaktadir. Her iki ocaktan alinan blok oérnekler
tzerinde yapilan ¢alismalarda taslarin fiziksel 6zellikleri laboratuvar ortaminda incelenmistir. Buna
gore Dolayli ve Bulak anrogsmanlarinin sirastyla yogunluklari sirasiyla 2.55 t/m’ ve 2.49 t/m’, kiitlece
suemme % 0.98 ve %1.16, tek eksenli basing dayanimi 179.19 MPa ve 159.17 MPa, P dalga hiz1 4.89
km/s ve 4.84 km/s, nokta yiik dayanim indeksi 6.01 MPa ve 5.55 MPa, Los Angeles asinma kaybi
%23.3 ve %24.7, 1slanma-kuruma kaybi %0.42 ve %0.45, tuz asinmasi %14.8 ve %14.2 ve suya
dayaniklilik indeksi %98.02 ve %99.73 diir. Bu sonuglar dikkate alindiginda anrosmanlarin kalitesi
CIRIA/CUR (1991)’a ve Lienahart (1998)’e gore ‘Orta—lyi’ sinifina girmektedir.

Anahtar Sozciikler: Trabzon limani, anrogsman, fiziksel ve mekanik 6zellikler, siniflama
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Quality and Performance Assessment of Armourstones Used
in the Main Breakwater at Trabzon Port
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TR—06100 Ankara, Tiirkive (  mail: ozguracir@ur.net)
" Ankara University, Department of Geologicai Engineering, TR—06100 Ankara, Tiirkiye

Construction of the Trabzon Port started at 1948 and finished at 1953. Lengh of the main breakwater is
1.135 m and secondary breakwater is 380 m covering 580.000 m® water area. Initially, main
breakwater was built by concrete blocks with 1.75 x 1.75 x 1.75 m dimensions. During the
rehabilitation and development projects between 1980-1985, 1.100.000 tons of basaltic armourstones
were used to support the middle part of the structure. Those basalts were supplied to the project from
stone quarries of ‘Dolayli” and ‘Bulak’, where they are located 10 km South of the hinterland of the
coastline along the Magka river. In this study, physical properties of those basalts were investigated in
laboratuary for Dolayli and Bulak armourstones as follows: 2.55 t/m” and 2.49 t/m’ for density, % 0.98
and %1.16 for water absorption by weight, 179.19 MPa and 159.17 MPa for UCS, 4.89 km/s and 4.84
km/s for P Wave velocity, 6.01 MPa and 5.55 MPa for point load index, %23.3 and %24.7 loss for Los
Angeles abrasion, %0.42 and %0.45 loss for dry-wet abrasion, %14.8 and %14.2 loss for salt abrasion,
798.02 and 99.73 for Slake durability index. Based on the CIRIA/CUR (1991) and Lienahart (1998)
classificaiton systems, quality and perfromance of both armourstones were evaluated as ‘Fair-Good’.

Key Words: Trabzon port, armourstone, physical and mechanical properties, classificaiton
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Karbonath Kayag¢lar Kullanilarak Olusturulmus Antik Kent Yapitaslarindaki
Mikro ve Makro Olcekte Gozlenen Bozunma Davramgi: Olba Antik Kenti

Kivang Zorlu

Mersin Universitesi, Jeoloji Miihendisligi Boliimii, 33342 Ciftlikkoy, Mersin
(E-posta: kivancgeo@mersin.edu.tr)

Akdeniz Bolgest, insanligin baslangicindan bu yana uygarhigin besigi olarak kabul edilen en 6nemli
bolgelerden biridir. Bolgede pek cok tarihi kent bulunmaktadir ve bu kentlerin neredeyse tiimii,
bolgenin yapitast olarak kullanilmaya en uygun birimi olan kirecgtaslarindan insa edilmistir. Mersin
ilinin kuzeybatisinda yer alan Olba antik kenti, yapitaslarinda kiregtagi kullanilarak insa edilmis en
tipik orneklerden biridir. Dogal anitlardaki restorasyon ¢alismalarinda, yapitaslariim kokeni ve
bozunma durumu biiyiik 6nem tagimaktadir. Bu nedenle, bu ¢alismada, Olba antik kentinde kullanilan
yapitaslarinin  kokeninin incelenmesi ve bozunma durumlarinin ortaya konmasi amaglanmistr.
Bununla birlikte, karbonathi kayag¢larda bozunma durumunun belirlenmesi oldukg¢a glictiir. Ciinki
karbonatli kayaclarda erime turi bozunmalar tipik olup, bozunma uriinleri ortamdan uzaklasarak
yapitaslarinda bosluklar olusturmakta ve dayanim azalmaktadir.Bu sekilde olusmus bosluklart Olba
antik kentindeki yapitaglarinda da makro ve mikro o6lgekte gozlemek mumkindir. Ancak. antik
kentlerin koruma altinda olmas: nedeniyle, yapitaslarinin mekanik 6zelliklerinin belirlenebilmesi
amactyla blok oOrnekler alinamamakta ve laboratuvar deneyleri yapilamamaktadir. Bu nedenle,
gozlemsel degerlendirmeler ve c¢ok kiigiik orneklerin kullanildigr analizlerin yapilmasi 6nem
kazanmaktadir. Bu ¢alismada, karbonath kayac¢lardaki bozunma dikkate alinarak tamamen goézleme
dayali basit bir simflama gelistirilmistir. Bu siniflamanin gegerliligi; petrografik analizler, X-igmlari
kirmmin analizleri ve SEM analizlert ile kontrol edilmistir. Simiflama sistemi; bloklanin sekli, erime
bosluklarinin buyiikligii ve tizerinde gelismis bozunma kabugunun varligi/yoklugu dikkate alinarak ¢
simif igerecek bigimde gelistirilmistir. Bu gozlemsel simmiflama yardimiyla arazide toplam 114 blok
smiflandirilmistir.  Ayrica, analizler, ¢alismalarinda alman 8 adet ka¢tik 6rnek Gzerinde
gerceklestiriimistir. X-ismlart kirinim analizleri sonucunda bir 6rnekte killesme tespit edilmis, diger
orneklerin ise tamamen kalsiyum karbonattan olustugu gortlmiistir. Petrografik ve SEM anahizlerinde
ise bozunma dereceleri, kalsit minerallerinde erimeye bagl olarak sekil bozulmasi ve bosluklarin
bliylimesi net bigimde tespit edilmistir. Sonug olarak, bloklarda makro 6lgekte gozlenen erime tiri
bozunma gostergeleri mikro 6lgekte de gézlenmistir. Bu durum, Olba antik kentindeki yapi taglan i¢in
gelistirilen gozlemsel temelli bozunma simiflamasinin restorasyon amaglh ¢alismalarda etkin bi¢imde
kullanilabilecegini gostermistir.

Anahtar Sézciikler: bozunma, kirectasi, Olba, SEM, yapitasi, XRD
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Micro- and Macro-Scaled Weathering Behaviour of the Building
Stones Used as Carbonate Rocks: Olba Ancient City

Kivang¢ Zorlu

Mersin Universitesi, Jeoloji Miihendisligi Boliimii, Ciftlikkéy, TR—33342 Mersin, Tiirkive
(E-mail: kivancgeo@mersin.edu.tr)

The Mediterranean coast is accepted as one of the cradles of ancient civilisations since the beginning
of human history. In fact, there are many ancient cities in the region and almost all ancient cities in the
region have been constructed using limestones because of the suitability of the limestones as building
stones for the region. The Olba ancient city northeastern of Mersin city is one of the typical examples
of the cities constructed by limestones. When applying a restoration work on a historical heritage, the
origin and the weathering state of the utilized building stones Lave significant importance. For this
reason, the purposes of the present study are to describe the weathering states of the used building
stones in the Olba ancient city by using a non-destructive approach and to investigate the origin of
these building stones. However, to work on the weathering state of carbonate rocks is rather difficult
because carbonates are particularly susceptible to solution weathering which can lead to almost
complete removal of the weathering products in solution leaving a building stone and on a mass scale
contains significant voids and also strenght of the material is decreased. It is possible to observe such
voids in the building stones used in the Olba ancient city in micro and macro scales. Since the ancient
cities is under conservation and the necessary blocks for laboratory tests are not collected, and
mechanical tests requiring large samples cannot be applied. For this reason, visual assessment and
analyses using small size sample have great significance. In this study simple weathering classification
based on visual assessment is introduced. To check the validity of this classification, petrographical
analyses, X-ray diffraction analyses and SEM analyses are performed. This classification is produced
considering to block shape, size of solution voids and weathering shell existence and it includes three
groups. A total of 114 building blocks are classified according to the visual classification.
Additionally, analyses are performed on 8 small specimens obtained during the field studies.
According to resulsts of the X-ray diffraction analyses, except one specimen, no clay mineral is
encountered. All specimens are formed by calcium carbonate. SEM and petrographic analyses indicate
that changing the shape of the calcite minerals via solution and enlargement of solution voids depend
on weathering degree. As a result, solution type of weathering indicators effecting the bulding stone is
observed in macro scale and also observed in micro scale. This result show that the visual
classification which produced for bulding stone in Olba ancient city can be efficiently applied for
restoration works.

Key Words: building stone, limestone, Olba, SEM, XRD, weathering
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Bahgeli Antik Roma Havuzunun Miihendislik Ozellikleri

Mustafa Korkang' ve Sevil Tokgoz’

"Nigde Universitesi, Jeoloji Miihendisligi Béoliimii, 51290 Nigde
(E-posta: mkorkanc@nigde.edu.tr)
" Nigde Universitesi, Fen Bilimleri Enstitiisii, 51290 Nigde

Nigde yoresinde ge¢mis donemlerde degisik medeniyetler tarafindan insa edilmis cesitli ozellikte
kiiltiirel yapilar bulunmaktadir. Bunlarin bir kismi olduk¢a biiytik ve onemli yapilar olup, sanatsal,
kiiltiirel ve estetik 6zellikleri de oldukga ilgingtir. Roma Havuzu da bunlardan biri olup, Nigde'nin 17
km giineyinde Adana-Kayseri yolunun 1 km kuzeyindeki Bahgeli kasabasinda bulunmaktadir. Yaps,
Roma dénemi mermer sanatinin 23x66x2,5 m boyutundaki ender bir érnegidir. Tamamen toprak
alinda bulunan havuz, 1960 yilinda tesadiifen ortaya ¢ikarilmistir. Gezginci Roma Imparatorlarinin
onemli bir mesire veri olan antik havuzun yapimnda iri bloklu mermerler yapt tasi olarak
kullanilmistir. Bu c¢alismada antik havuzunun bulundugu bélgenin jeolojik ozellikleri ile burada
kullanilan tasiarin jeomekanik ozelliklerine yonelik degerlendirmeler yapilmistir. Bu kapsamda
oncelikle petrografik incelemeler ve XRD analizleri yapilmistir. Taslarn jeomekanik 6zelliklerinin
belirlenmesine yonelik olarak kuru ve doygun birim agirhik, agirlik¢a su emme, efektif porozite ve
suda dagilmaya karst durayhilik indeksi, P-dalga hiz1 ve tek eksenli basing dayanimi deneyleri ile antik
havuzun duvarlarinda kullanilan mermerler lzerinde yerinde Schmudt ¢ekici sertlik 6lgtimleri
alinmistir. Roma havuzunun bulundugu alanda temel zeminini yesil-beyazimsi marn ve kiregtas: ile
ardalamimli, laminali gri-kahverenkli ¢amurtasi ara katkilarindan olusan Goékbez formasyonuna ait
birimler olusturmaktadir. Yapimin bulundugu alanda temel zemininin tasima giiciine yonelik herhangi
bir olumsuzluk goézlenmemigtir. Kullanilan mermerler icerisinde ir kristalli olanlarda yersel erimeler
s6z konusu olup, bunda atmosferik etkiler yaninda kayacin olusumundan kaynaklanan jeolojik
sorunlarin etkili oldugu belirlenmistir.

Anahtar Sozciikler: Nigde, jeoarkeoloji, roma havuzu, jeomekanik 6zellikler, mermer, ayrisma
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Engineering Properties of the Bahgeli Ancient Roman Pool
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In Nigde region, various cultural assets were built by different civilizations. A part of these are fairly
huge buildings and their cultural, aesthetic and artistic properties are quite interesting. Roman Pool 1s
situated 17 km south of the Nigde and 1 km north of the Adana-Kayseri road in Bahgeli district. Itis a
rare example of the marble art in Rome period that has a dimension of 23x66x2.,5 m. The Pool that is
wholly burried under soil was exposed coincidentally in 1960. Big block marbles were used as a
building stone in the construction of Ancient Pool that is an important recreation spot for the voyager
Roman Emperors. In this study, geological properties of the region where the antique pool is situated
and geomechanical properties of the stones used for the pool were evaluated. For this purpose,
petrographic investigations and XRD analysis were carried out. To determine the geochemical
properties of the rocks; dry and saturated unit weight, water absorption, effective porosity and slake
durability index, P-wave velocity and uniaxial compressive strength experiments and in-situ Schmidt
hammer hardness measurements on marbles used for the walls of the antique pool were carried out.
Ground is composed of greenish-whitish marl and limestone with alternation of laminated grey-brown
colored mudstone units belonging to Gékbez formation. There is no problem observed for the bearing
capacity of the basement that the building settled. Local meltings in coarse grained marbles were
determined and besides the atmospheric effects, geological problems originated from the formation of
the rocks were responsible for these meltings.

Key Words: Nigde, geoarchaeology, roma pool, geomechanical properties, marble, weathering

431



Ust Kretase Yash Bazaltlarda (Trabzon/Tiirkiye) Fiziksel, Mekanik
ve Kimyasal Ozellikler ile Bozunma Derecesi Arasindaki Iliskiler
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(E-posta: selcukalemdag(@gmail com)
* Firat Universitesi, Jeoloji Miihendisligi Boliimii, 23119 Elazig

Bu calismada farkhi bozunma derecesine sahip bazaltlarda, bozunmanin fiziksel, mekanik ve kimyasal
ozellikler tzerindeki etkileri incelenmistir, Bazaltlardan ISRM tarafindan 6nerilen bozunma
siniflamasina uygun olarak farkli bozunma derecesine sahip érnekler derlenmis ve bu orneklerin
fiziksel, mekanik ve kimyasal 6zellikleri belirlenmistir. Bazaltlarda birim hacim agirhk, su emme,
porozite, tek eksenli sikisma dayanimi, Schmidt geri sigrama degeri, P dalga hizi, RQD, eklem siklig
ve kimyasal ayrisma indeksleri ile bozunma derecesi arasindaki iliskiler incelenmistir. Yapilan
istatistiksel degerlendirmelere gore, bazaltlarda bozunma derecesi ile tek eksenli sikisma dayammi, P
dalga iz ve Ruxton Orami (R) arasinda kuvvetli negatif bir iliski, Vogt Orani (V) arasinda ise
kuvvetli pozitif bir iliski belirlenmistir. Bu iligskiler, ISRM tarafindan onerilen bozunma derecesine
gore tanimlanan bazaltlarin tek eksenli sikisma dayammu, P dalga hizi ve ana oksit oranlari deger
araliklarimin tahmin edilebilmesi agisindan yarar saglayacaktir.

Anahtar Sozciikler: bazalt, bozunma derecesi, fiziksel 6zellik, mekanik 6zellik, kimyasal 6zellik
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In this study, effects of weathering degree on the physical, mechanical and chemical properties of
basalts having different weathering degree were examined. Basalts having different weathering degree
were collected in accordance with the weathering classification of ISRM and physical, mechanical and
chemical properties of these samples were determined. The relationships between unit weight, water
absorption, porosity, uniaxial compressive strength, Schmidt rebound value, compressive wave
velocity, RQD, joint frequency, chemical alteration index and weathering degree were evaluated in
basalts. According to statistical evalutions, strong negative relationships were found between the
weathering degree and uniaxial compressive strength, compressive wave velocity, Ruxton ratio. The
relationship between weathering degree and Vogt ratio was strong positive. These relationships will be
useful for predicting ranges of uniaxial compressive strength, compressive wave velocity and main
oxide percentage for the basalts which are described accordance with the weathering classification of
ISRM.

Key Words: basalt, weathering degree, physical protery, mechanical property, chemical property
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Doganbey (izmir) Beldesindeki Aliivyal Zemininin Jeoteknik Ozelliklerinin
Belirlenmesi ve Yerlesim A¢isindan Degerlendirilmesi

Biilent Akil, Candan Ugckardesler, Arzu Karagam ve Melek Sara¢ Saygi

lller Bankasi Genel Miidiirliigii, Makina ve Sondaj Dairesi Baskanligi, 06110 Ankara
(E-posta: bakil@hacettepe.edu.tr)

Doganbey (Izmir) beldesi yerlesim alani, Tuzla Fay min kenarinda yer almaktadir. Yogun yerlesme ve
Tuzla Fay’1 nedeniyle, deprem riski altinda olan beldenin, zemin 6zelliklerinin yapilasmaya uygunluk
acisindan degerlendirilmesi gerekmektedir. Bu ¢alisma, Doganbey (Izmir) beldesi smirlarn i¢inde
yerlesim agisindan sakincal olarak goriilen alanlarda yapilan jeolojik-jeofizik etiitler ve jeoteknik
calismalarin  sonug¢larim kapsamaktadir. Calisma alaninda siltli kum, kil, silth kil ve kumlu
malzemelerden olusmus aliivyon c¢okeller gézlenmektedir. Bu alanda, arazi ¢alismalari kapsaminda
litolojik smirlarin  ¢izilmesi; tektonik hatlarin belirlenmesi ve jeolojik birimlerin stratigrafik
iliskilerinin ortaya konulmasi amaciyla 1/2000 &lgekli jeolojik haritalama yapilmistir. Zeminlerin
mithendislik 6zelliklerini belirlemek amaciyla, her birinin derinligi 15,45 m olmak tzere, 26 adet
jeoteknik sondaj yapilmistir. Sondajlar sirasinda standart penetrasyon deneyleri her 1,5 m de yapilarak
zeminlerin penetrasyon direnci belirlenmis ve 6rselenmis ornekler alinmistir. Bunlarin yam sira,
calisma alaninda zeminlerin enine (S) ve boyuna (P) dalga hizlart ve zemin parametrelerinin
belirlenmesi amaciyla 18 noktada sismik kirilma ve elektrik 6zdiren¢ ¢alismalart yapilmistir. Elde
edilen jeoteknik parametreler tasima giicii, sisme, sivilagma ve oturma analizlerinde kullanilarak
sonugta ¢alisma alani yerlesime uygunluk agisindan degerlendirilmis ve iki 6nlemli alana ayrilmistir.
Doganbey beldesinde OA1 ile gosterilen alanlarin planlama agsamasinda, yerlesim agisindan OA2’ ye
gore daha oncelikli olarak degerlendirilmest 6nerilmektedir. OA2 ile gosterilen alanlarda ise,
yeraltisuyu seviyesinin yiiksek olmasi ve bunun yamnda bu alanlarda kumlu, kumlu-gakilh
malzemenin gozlenmesi orta ve yiiksek dereceli bir sivilagma riski olusturmaktadir. Bu alanlarda
stvilasmaya karsi dayanikli yapi ingast planlanmali veya zemin iyilestirmesi yapilmahdir.

Anahtar Sozciikler: Tuzla fayi, jeoteknik ozellikler, aliivyon, sivilagsma, sisme
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Geotechnical Properties of Alluvial Seil at Doganbey (Izmir) Municipality Area
and Evaluation of Suitability for Settlement
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The settlement area of Doganbey (Izmir) is located near Tuzla Fault. Due to its high population and
high earthquake risk that will be caused by Tuzla Fault, soil properties of Doganbey town have to be
evaluated for its suitability for the consruction. This study includes the results of the geological-
geophysical investigations and geotechnical studies in Doganbey (Izmir) municipality area which is
inconvenient as a settlement area. Lithologic units in the investigated area mainly consist of alluvial
sediments which formed silty sand, clay, silty clay and sandy clay materials. The aim of field
investigation was to determine the lithologic borders and tectonic lines to bring up the stratigraphic
relations of geological units. Thus, a 1/2000 scaled map was drawn. In order to determine engineering
characteristics of the lithologic units, a total of 26 geotechnical boreholes with a depth of 1545 m
were drilled. Standard penetration tests were carried out at each 1.5 m and penetration resistance of the
ground was determined, and disturbed samples were taken from the boreholes. In addition. seismic
refraction and electricity resistivity measurements at 18 points were examinated to determine the
velocity of P and S waves and soil parameters in the investigated area. Based on the geotechnical
parameters obtained from the study area have been used to assess bearing capacity. swelling.
liquefaction and settlement for the suitability of the study area for urban settlement., and Doganbey
settlement area were divided into two different measured areas. During the urban planning of the
Doganbey town. the area indicated as OAL1 is proposed to be more suitable area according to the OA2.
On the other hand the area indicated as OA2 has high groundwater table with sandy, sandy-gravel
materials cause to the risk of medium-high level of liquefaction. In these areas construction of
liquefaction-resistant buildings should be planned and ground improvement against liquefaction
should be carried out.

Key Words: Tuzla fault, geotechnical properties, alluvium, liquefaction, swelling
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Mahhidirh Koyii (imamoglu, Adana) Yerlesim Alanmnin
Sev Durayliligi Acisindan Degerlendirilmesi
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(E-posta: hguneyli@cukurova.edu.tr)
? Alfa Yapi ve Zemin Mekanigi Laboratuari, 01000 Seyhan, Adana

Bu ¢alismanin amaci, Malihidirh kéyii (Imamoglu, Adana) yerlesim biriminin jeoteknik 6zelliklerinin
belirlenmesi ve kritik hatlar iizerinde sev duraylilik analizlerinin yapilmasidir. Hedef dogrultusunda,
kiitle hareketi potansiyeline sahip bu yerlesim alamimin sev durayhilik ozellikleri belirlenmistir.
Ardindan calisma alanindaki jeolojik birimlerin miihendislik parametreleri kullanilarak sev duraylilik
analizleri yapilmistir. Malihudirh koyi yerlesim birimi, karbonat ¢imentolu ¢akiltasindan olusan yatay
bir aliivyal taraga lizerinde bulunmaktadir. Bu c¢akiltasi, Pliyosen yash yatay konumlu yiiksek
plastisiteli inorganik kil tizerindedir.

Inceleme alaninin bati kesiminde ii¢ paleo-heyelan (dairesel) ve aliivyal taraga iizerinde bazi gerilme
catlaklari bulunmaktadir. Paleo-heyelan bolgesi yaklasik 400 m uzunlugunda ve 50 m genisligindedir.
Paleo-kayma yiizeylerinin derinligi yaklasik 30 m’dir.

Sekiz kritik hat boyunca, yamaglardaki birimlerin ii¢ eksenli basing deneyi ile belirlenen kohezyon ve
i¢sel sirtiinme a¢is1 gibi mithendislik parametre degerleri kullanilarak duragan ve dinamik (sismik)
kosullar altinda sev duraylilik analizleri yapilmigtir. Bu sekiz hat boyunca, duragan kosullar altinda
1.28 ile 2.79 arasinda ve dinamik kosullar alinda 0.1 ile 2.20 arasinda giivenlik katsayilarn
hesaplanmistir. Sonuglar inceleme alaninda yalnizca sismik (dinamik) ve suya doygun kosullar altinda
kiitle hareketlerinin olabilecegini gostermektedir. inceleme alanindaki paleo-heyelanlar, yogun yagis
ve biiyiik olasilikla dinamik (sismik) kosullar altinda ger¢eklesmis olmalidir.

Anahtar Sozciikler: jeoteknik, sev durayliligy, giivenlik katsayisi, paleo-heyelan, Adana
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Assessment in Respect of Slope stability analyses of Malihidirh Village
(Imamoglu, Adana) Settlement Area
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Purposes of this study are to determine geotechnical properties of Malihidirli village (Imamoglu,
Adana) settlement area and to carry out slope stability analyses on critical lines. For this purpose,
slope stability of the settlement area, which have potential of mass movements, were determined. Then
slope stability analyses were carried out using the engineering parameters of geological units on the
study area. The settlement area of Malihidirhi village is on a laterally alluvial terrace which include
conglomerate with carbonate cement. This conglomerate overlies Pliocene aged high plasticity
inorganic clay.

There are three palaco-slides (circular) on the western part of the investigation area and some tension
cracks on the alluvial terrace. The palaco-sliding zone has about 400 m length and 50 m width. Depths
of the palaco-slip surfaces are about 30 m.

Slope stability analyses along eight critical cross-sections were performed in terms of static and
dynamic (seismic) conditions using the values of engineering parameters such as cohesion and internal
friction angel of the units, which were determined by triaxial compression tests, on the slopes. Safety
factors along these eight cross-sections were calculated between 1.28 and 2.79 under static conditions
and 0.1 and 2.20 under dynamic conditions. Results indicate that mass movements could be only under
seismic and saturated conditions on the study area. The palaco-slidings in the area must have been
done under saturated and most probably dynamic (seismic) conditions.

Key Words: geotechnics, slope stability, safety factor, palaco-sliding, Adana
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General Geshevo Heyelamiyla Ilgili Arazi Calismalari,
Dogu Rodop Daglari, Bulgaristan

Miroslav Krastanov ve Nikolai Dobrev

Geological Institute, Bulgarian Academy of Sciences, BG-1113 Sofia, Bulgaria
(E-posta: miro_k(@geology.bas.bg)

Rodop Daglari’nin dogu kesimi, derin bir nehir tarafindan oyulmus ve ¢ok az belirgin tabakalanma
gosteren volkanik ¢okellerden olusmaktadir. Bu durum, bu sahada derinden gecen heyelanlarin
gelisimine neden olmustur. Buna bagh olarak, 21 Ocak 2001’de Ustern ve General Geshevo koyleri
arasinda br heyelan tetiklenmistir. Bu heyelan nedeniyle Djebel-Zlatograd youlunun 1 km
uzunlugundaki kesimi tahrip olmustur. Kaymadan sonra paralel faylardan olusan bir sistem
gorilmistir. Bu durum, heyelan olay1 ile Rodop Dagi bolgesindeki yavas tektonik hareketler arasinda
bir iliskinin olabilecegi sorusunu giindeme getirmistir. Ekstansometrelerin yerlestirilmesi, geodetik
agin  kurulmasi, heyelan hareketlerinin izlenmesi i¢in  6Olgtim  istasyonlarinin  olusturulmasi.
hidrojeolojik 6rnekleme ve jeofizik profillerinin olusturulmasi gibi asamalari iceren bir incelemeye
2003 yilinda baslanmistir. Elde edilen sonuglar; heyalan smirlarinda sev hareketinin azaldigini,
heyelan kiitlest i¢inde surekli bir hareketin varligim ve Ustern Koyl yakinlarindaki fayda bir
aktivitenin gozlendigini goéstermistir. Su 6rnekletri ve jeofizik olgiimler, inceleme alaninda ve yakin
¢evresindeki aktif faylarla heyelanlarin iligkili olabailecegini teyit etmistir.

Anahtar Sozciikler: derinden gegen heyelanlar, Dogu Rodop, izleme, aktif fay
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Field studies of General Geshevo Landslide, East Rhodope Mts., Bulgaria

Miroslav Krastanov & Nikolai Dobrev

Geological Institute, Bulgarian Academy of Sciences, BG-1113 Sofia, Bulgaria
(E-mail: miro k@geology.bas.bg)

The eastern part of Rhodope Mountains is built by slightly lithified volcanic sediments cut by a deeply
grooved river set. This condition leads to occurrence of the deep-seated landslides in this area. Such
landslide triggered on January 21, 2001 between Ustren and General Geshevo Villages. A section
about 1 km long of the Djebel-Zlatograd road was disrupted. A system of parallel faults revealed after
this sliding. That puts the question for the relationship between landslide phenomena and the slow
tectonic movements in the Rhodope Mountain area. A complex investigation including arrangements
of extensometer points, geodetic network, benchmark sites for monitoring of the landslide movements,
hydrogeological sampling and geophysical profiling started in 2003. The results show decreasing of
slope movements at the landslide borders, continuous activity inside the landslide body and activity of
the observed fault near Ustren Village. The water samples and geophysical profiles confirmed the
relationships with the active faults in the studied and adjacent arcas.

Key Words: deep-seated landslides, East Rhodope, monitoring. active faults
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Can-Etili ((,anakkale) Bolgesindeki Riyolitik Tiiflerin (Can la§1) Jeolojik ve
Petrografik Ozellikleri: Yapi ve Kaplama Tas1 Yoniinden irdelenmesi

Oya Tirkdonmez ve Mustata Bozcu

Canakkale Onsekiz Mart Universitesi, Jeoloji Miihendisligi Béliimii,
17020 Canakkale (E-posta. o_turkdonmez(@comu.edu.tr)

Bu ¢alismada, Can-Etili civarinda yaygin yiizlekleri bulunan Geg¢ Oligosen—Erken Miyosen yash ve
Can volkanizmasinin piroklastik {riinlerinden tiiflerin jeolojik, petrografik, kimyasal ve fiziko-
mekanik oOzellikleri arastirilarak, bunlarin kaplama ve yapitasi olarak degerlendirilmesi yapilmistir.
Yorede “CCan tag1” olarak adlandirilan tiifler uzun yillardir kaplama ve yapitasi olarak kullanilmaktadir.
Bu tifler acik sarimsi, krem, hidrotermal alterasyon ile mangan ve demirli oksitlesme sonucu gelismis
kirmizimsi, kahverenkli degisik motifler sunarlar. Bu birimler; kompakt yapili, riyolitik bilesimli, litik
tiflerden yer yer de kristalin tiiflerden olusuriar ve baslica volkanik cam parcaciklart ile kuvars,
plajiyoklas ve biyotit fenokristallerini i¢erirler. Tuf érnekleri tizerinde yapilan petrografik ve kimyasal
analizlerin yam sira, fiziksel ve mekanik 6zelliklerini belirleyebilmek i¢in Halilaga, Hoppa Tepe,
Dereoba ve Uzunalan Mevkii’leri olmak tizere 4 farkh bolgeden 12 adet 6rnek iizerinde standart kaya
mekanigi deneyleri yapilmistir. Dogal yapr ve kaplama tasi olarak kullanilan, Hoppa Tepe
Mevkii'ndeki kinmizims: kahverenkli ve demiroksitce zengin tiifler, bolgede tek eksenli sikisma
dayammm ve birim hacim agirliklart en yiiksek olan tiiflerdir. Ancak bunlar, daha ince taneh ve
demiroksitli alterasyonun fazla olmasi nedeniyle digerlerinden, agirlik¢a su emme ve egilme dayanimi
olarak daha zayiftir. Uzunalan Mevkn tifleri ise acik renkli ve homojen olup, bolgede yiiksek
gozeneklilik, en digiik birim hacim agirlik ve tek eksenli sikisma dayanimlarina sahip kayaclan
olusturmaktadir. Halilaga ve Dereoba bolgesindeki tiifler, mekanik ve fiziksel 6zellikleri bakimindan
benzer degerlere sahiptirler. Elde edilen veriler, bolgedeki riyolitik bilesimli tiiflerin petrografik ve
kimyasal ozellikleri ile fiziko-mekanik 6zellikleri arasinda dolayli bir iliskinin  varhgim
gostermektedir. Ozellikle petrografik incelemelerde taneleri baglayan matriksin (volkanik cam)
icerdigi bosluklar ve ince taneli kaya parcasi miktarina bagh olarak yogunluklarinin ve sikisma
dayanmimlarinin daha yiiksek degerler gosterdikleri belirlenmistir. Kimyasal analizlerde ise 6zellikle
Si0, icerigl dustk orneklerin sikisma dayanimlarinin da diisiik oldugu gézlenmistir. Sonug olarak, TS
1910 ve TS 2513 standartlan ile karsilastirildiginda, Can-Etili bolgesindeki riyolitik tiiflerin fiziko-
mekanik 6zelliklerinin yap:r ve kaplama tasi olarak kullaniminda uygun degerlerin altinda kaldiklar
saptanmustir. Ancak bu tifler dekoratif kaplama amagh kullanilabilir.

Anahtar Sézciikler: Canakkale, Can tasy, tiif, yapi tasi, kaplama tasi
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The Geological and Petrographical Properties of Rhyolitic Tuffs (Can Stone)
in Can-Etili Area (Canakkale): An Evaluation in Terms of Covering
and Building Stones

Oya Tirkdonmez & Mustafa Bozcu

Canakkale Onsekiz Mart University, Department of Geological Engineering,
TR—17020 Canakkale, Turkey (E-mail: o turkdonmez@comu.edu.tr)

In this study, geological, petrographical, geochemical and physico-mechanical properties of tuffs
exposed around Can-Etili, pyroclastic products of Late Oligocene—Early Miocene Can Volcanism,
have been investigated and evaluated as covering and building stones. In the region, tuffs called as
‘Can tasi’ have been used as covering and building stones for a long time. These tuffs have different
patterns which light yellowish, cream, reddish and brown colors developed by manganese and iron
oxidation of hydrothermal alteration. These units have compact structure with rhyolitic composition,
and are composed of lithic tuffs and locally crystalline tuffs. The mineral assemblage of tuffs is mainly
made up of quartz, plagioclase and biotite phenocrystals with particles of volcanic glass. Not only
petrographical and geochemical analyses on tuffs but also standard rock mechanic experiments on tuff
samples collected from four different quarries (Halilaga, Hoppa Hill, Dereoba, Uzunalan) have been
carried out in order to determine their physical and mechanical properties. Reddish-brown, iron oxide-
rich tffs around the Hoppa Hill used for covering stone and natural building stone have the highest
uniaxial compressive strength and unit weight. On the other hand, these tuffs have lower bending
strength and water absorptions due to more fine-grained and more iron oxide-alteration. Tuffs around
Uzunalan are not only light-coloured and homogeny but also formed the lowest rocks in terms of their
high porosity and the lowest unit weight and uniaxial compressive strength. Tuffs around Halilaga and
Dereoba have similar values in terms ot physical and mechanical features. All available data show
indirectly relationship between petrographical, geochemical properties and physico-mechanical
properties of tuffs in rhyolitic composition. Especially, matrix (volcanic glass) has high unit weight
and compressive strength in terms of the amount of spaces and tine-grained rock fragments based on
petrographical studies. However, samples having low SiO; content are low compressive strength with
respect to chemical analyses. In conclusion, physical and mechanical properties of rhyolitic tuffs in
Can-Etili area have been determined that it has unsuitable values as building and covering stones,
when compared with TS 1910 and TS 2513, but tuffs may be used for decorative cladding purposes.

Key Words: Canakkale, Can stone, tuff, building stone, covering stone
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Denizli ili Traverten Bilgi Sisteminin Olusturulmasi: ilk Asama Cahsmalari

Ibrahim Cobanoglu', Sefer Beran Celik ',
Levent Atatanir” ve Mustafa Kaya1
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20017 Kintkli, Denizli (E-posta: icobanoglu(@pau.edu.tr)
* Adnan Menderes Universitesi, Ziraat Fakiiltesi, Toprak Boliimii, 09100 Aydin

Ulkemiz mermer bakimindan énemli bir potansiyele sahiptir. Bu miktar. diinya rezervinin yaklasik %
43'uni teskil etmektedir. Denizli ilinde gergeklestirilen mermerciligin bilyiik bolimiinti traverten
mermerciligi olusturmaktadir. Denizhi travertenleri tarthsel donemlerde de yaygin bir sekilde yap: tas
olarak kullamilmistir. Guntimuizde ise, traverten biylik oranda dis pazara thra¢ edilerek iilke
ckonomisine katki saglanmaktadir. Ttim dogal yapi taslan fiziksel, mekanik ve kimyasal 6zelliklerine
bagh olarak kullanilabilir nitelik tasimaktadir. Kayaglarin delinebilirlikleri, kesilebilirliklert, ve
parlatilabilirlikleri de kayacin genel ozellikleri ile ilgilidir. Bu ¢alisma, Denizli bélgesinde arastirilan
tim traverten ocaklarina ait tasin fiziksel, mekanik ve kimyasal o6zelliklerinin incelenmesini de
kapsamaktadir. Bu ¢alismada, bu 6zellikleri de veri tabani iginde bulunduran bir traverten bilgi
sisteminin  olusturulmasini  amag¢lanmistir.  TUBITAK tarafindan da desteklenen bu ¢alisma
kapsaminda ilk 10 aylik donem i¢inde 46 traverten ocag incelenerek 6rneklemeler yapilmis ve deney
asamasina gecilmistir. Denizli ili traverten bilgi sisteminin olusturulmasinin amacglandigi ¢alismada
Cografi Bilgi Sistemi (CBS) ve Uzaktan Algilama tekniklerinden faydalanilmaktadir. Bu amacla,
inceleme alanini igerisine alan bir cografi althk olusturulmus ve incelenen ocak yerleri koordinatlar
ile bu sisteme 1slenmistir.

Bu ¢alisma ile Kaklhk, Kocabas, Asagidagdere, Honaz ve Akkoy travertenleri incelenmistir. Kakhk
bolgesi ocak sayist ¢oklugu, kaya tirt ¢esitliligi ve yitksek rezervi ile 6n plana ¢ikan bir bolgedir.
Honaz bolgesi travertenlerinde kayacin daha disik dayanimli ve bol gézenekli bir yapida oldugu
goriilmistir. Akkoy bolgesi travertenleri ise tipik sart renkleri ile diger grup travertenlerden
ayrilmaktadir. Bu bolgede rezervin daha digik oldugu gorulmektedir. Yapilan ¢alisma ile
travertenlerdeki bu yapisal ¢esitliligin kayacin fiziksel ve mekanik 6zellikleri tizerindeki etkileri de
arastinlmaktadir.

Anahtar Sozciikler: traverten, cografi bilgi sistemi, uzaktan algilama, Denizli, traverten ocagi
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Turkey has large quantities of marble reserves. These reserves amount to forms the 43% percent of the
worlds’s total marble reserves. The marble mining activities in the province of Denizli (Turkey)
predominantly consist of travertine mining. The travertines of Denizli have been used extensively as
natural building stone throughout history. Nowadays, however, these travertines are predominantly
exported abroad and hence make a contribution to the Turkish economy. All natural building stones
have useful qualities by virtue of their physical, mechanical and chemical properties. The drillability,
sawability and polishability of rocks are also of relevance in this context. This study provides an
examination of the physical, mechanical and chemical properties of travertines in all the marble
quarries investigated. It aims to establish a travertine information system containing including the
physical, mechanical and chemical properties of these travertines. A total of forty-six travertine
quarries have been investigated during first ten-month period. This has been followed by the
laboratory experiments. The geographical information system (GSI) and remote sensing have been
utilized to establish the Travertine Information System for the province of Denizli. For this purpose. a
geographical base has been formed and the coordinates of the investigated marble quarries have been
entered into this system.

In this study, Kaklik, Kocabas, Asagidere, Honaz and Akkdy travertines are investigated. Kakiik is
very important travertine deposition area of Denizli region, in this area rock type varieties in many
travetine quarries are seen and higher travertine reserv is also important for this area. In Honaz area
travertines have comparatively lower strength and higher porosities. Akkdy area travertines are
characteristic with their yellowish colour it is seen in the field observations that this area has lower
travertine deposition. With this study effects of the structural varieties of travertines on physical and
mechanical properties are being investigated.

Key Words: travertine, geographical information system, remote sensing, Denizli, travertine mine
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Anadolu Platosu’nun Alict Fonksiyon Analizi

A. Arda Ozacar', George Zandt®, Hersh Gilbert® ve Susan L. Beck®

"Orta Dogu Teknik Universitesi, Jeoloji Mithendisligi Boliimii, 06531 Ankara
(E-posta: ozacar@metu.edu.tr)
? University of Arizona, Department of Geosciences, 85721 Tucson, AZ, USA
? Purdue University, Department of Earth and Atmospheric Sciences, 47907 W. Lafayette, IN, USA

Telesismik P alict fonksiyonlart Dogu Anadolu Sismik Deneyi tarafindan kaydedilen sismik verilerden
hesaplandi ve aktif kitasal kenet kusagimin kabuk ve manto yapisini belirlemek i¢in kullamildi.
Bolgenin kabuk kalinhigi, P ve S dalga hizlarimin orani (Vp/Vs) kabuksal yansimalar kullanilarak
haritalandi. Sonuglar bolgede kabuk ve litosfer kalinhiginm ince, en tist manto hizinin diistik oldugunu
gostermekte ve platonun sicak astonosfer tarafindan desteklendigi tezini dogrulamaktadir. Vp/Vs
degisimleri, Kuzey Anadolu Fayr boyunca ve geng¢ volkaniklerin ¢evresinde yer alan bir yitksek Vp/Vs
koridoru oldugunu gostermekte ve kismi eriyik varhgim desteklemektedir. lave olarak, iist manto
stireksizliklert (410 ve 660) negatif topografik korelasyon ve kopmus levha ve litosfer parcalarina
iliskin genligi diisiik belirgin alanlar géstermektedir.

Anahtar Sozciikler: Dogu Anadolu Platosu, alici fonksiyon, kabuk, litosfer, kismi eriyik, ist manto
stireksizlikleri
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Receiver Function Analysis of East Anatolian Plateau
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Teleseismic P receiver functions are computed using seismic data recorded by the Eastern Turkey
Seismic Experiment to determine the crustal and mantle structure across an active continent-continent
collision zone. Crustal thickness and Vp/Vs variations in the region are mapped by incorporating
crustal multiples. Our results reveal a relatively thin crust and lithosphere and low uppermost mantle
velocities consistent with the plateau supported by hot asthenosphere. Vp/Vs variations show a high
Vp/Vs corridor along the North Anatolian Fault and near the young volcanic units and support the
presence of partial melt. Furthermore, the upper mantle discontinuities (410 and 660) reveal
anticorrelated topography and distinct zones of diminished amplitude associated with a detached slab
and delaminated fragments of lithospheric mantle.

Key Words: East Anatolian Plateau, receiver function, crust, lithosphere, partial melt, upper mantle
discontinuities
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Dogu Anadolu Platosu’nun Kabuk Yapisinin Dogasi
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Turkiye’nin Dogu Anadolu Platosu (DAP) yaklasik 1700-2000 m yiiksekliginde bir bélgeyi temsil
etmekte ve kuzeydeki Dogu Pontid yay: ile giineydeki Arap platformu arasinda yer almaktadir. Bu
bolgede, alt kabugu temsil eden Maastrihtiyen 6ncesi paleotektonik birimler sadece birka¢ yerde
ylizeylenmektedir. Clnkii Maastrihtiyen—Kuvaterner yash birimler, paleotektonik birimleri hemen
hemen tiim bolgede Srtmektedir. Dolayisiyla, paleotektonik birimlerin yapisini ve iligkisini incelemek
gugtir.

Ancak, yapilan ¢ahismada DAP’unda paleotektonik birimlerinin  iki  diizeyden olustugu
anlasilmaktadir. (1) A/r diizey kitasal kabugu temsil eden platform tirti karbonatlar ve bu platformun
metamortfik esleniklerinden olusmaktadir. Bu birimler Toros Platformu ve bu platformun metamortik
eslenikleri olarak kabul edilebilir. (2) Ust diizey, agirhkli olarak okyanus kabugu tiriint olan ofiyolith
melanj prizmasindan yapihidir. Bu prizma, ofiyolitlerin, ofiyolith karisik ve yay onii ¢okellerin
ardigimi ile temsil edilmektedir. Yakinsayan levha kenarlarindaki bir diziyi temsil eden bu diizeyin bir
bolimi  kuzeydeki Kuzey Anadolu Kenedi'nden, bir bolimi de guneydeki Giiney Anadolu
Kenedi'nden tiiremis olabilir.

DAP’nun alt diizeyinin, ofiyolitli melanj prizmalarmin tzerine bindirdigi kitasal bir kabukla temsil
edildigi, ve kitasal kabugun asimmmadan dolayr smurh olarak yer yer tektonik pencere bigiminde
yiizeylendigi ileri strtilebilir.

DAP’unun Maastrihtiyen oncesi paleotektonik birimleri, Maastrihtiyen—Kuvaterner yash vokano-
tortul birimler tarafindan oOrtiilmektedir. Ardisikli transgresif ve regresif evrelerde olusan bu
sedimenter litofastyesler paleotektonik birimlerin iizerinde uyumsuzlukla yer almaktadir. Eosen yash
¢Okellerde yaygin olarak yer alan olistostromal diizeyler, ofiyolit ve ofiyolitli karisigin yeniden
aktarilmis gereglerinden ttiremigtir. Maastrihtiyen—Kuvaterner yash ortil ise genel olarak ¢arpisma ve
¢arpisma sonrasi olusmus birimlerden yapilidir.

Glinlimiizde DAP yaklasik olarak K-G dogrultulu bir sikismanin giidiimiinde ise de boyle bir sikisma,
bolgede egemen olan dogrultu atimli tektonik rejim nedeniyle yogun bir sekilde kabuk kalinlasmasina

yol agmamaktadir.

Anahtar Sozciikler: Dogu Anadolu Platosu, kitasal kabuk, ofiyolit, melanj prizmasi
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The Eastern Anatolian Plateau (EAP) of Turkey, with an elevation ranging from 1700 to 2000 m, is
located between the Eastern Pontide Arc to the north and the Arabian Platform to the south. In this
region, the pre-Maastrichtian palaeotectonic units, representing the crust, crop out only in a number of
localities. However, Maastrichtian—Quaternary rock units cover the palacotectonic units across almost
the whole length of the region. Because of this, it is difficult to study the nature and relationships of
the palaeotectonic units.

Hardly, in the presented study it is understood that the palaeotectonic units of the crust in EAP are
made up of two different levels: (1) The lower level 1s made up of platform-type carbonates and their
metamorphic equivalents and represents continental crust. These units may be representatives of the
Taurus Platform and its metamorphic equivalents. (2) The upper level consists of ophiolitic mélange
prism which is a product of mainly oceanic crust. The prism is mainly represented by an alternating of
ophiolites, ophiolitic mélange, and fore-arc deposits. This upper level, representing a sequence of the
convergent plate boundary, may partly be originated from the North Anatolian Suture to the north, and
partly from the Southeastern Anatolian Suture to the south of the Eastern Anatolian region.

It may be suggested that the lower level of EAP 1s represented by a common continental crust which
was overthrustby ophiolitic mélange prism, and the continental crust scarcely crop out in the region; in
areas of deep erosion, it exposes in tectonic windows beneath the ophiolitic thrust sheets.

The pre-Maastrichtian palaeotectonic units of the EAP are blanketed by Maastrichtian to Quaternary
volcanic and sedimentary rock units. These sedimentary lithofacies, which occur in successive
transgressive and regressive intervals, overlie palaeotectonic units unconformably. Olistostromal
levels, which are common occurrences in the sedimentary units of Eocene age, have been derived as
reworked materials of the ophiolites and ophiolitic mélange. The Maastrichtian-—-Quaternary cover is
made up o