Cetinkaya-Divrigi (Sivas) Demiryolu Geckisindeki Kaya Sevlerinin Durayhliklarinin Kinematik
Analiz Teknigiyle Degerlendirilmesi

Assessment of Stability of Rock Slopes at Cetinkaya-Divrigi (Sivas) Railway Route Using Kinematical
Analysis Technique

Isik YILMAZ, inan KESKIiN, Mustafa YILDIRIM

Cumbhuriyet Universitesi,, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Boliimii, 58140 Sivas
(inan.keskin@cumhuriyet.edu.tr)

(074

Bu calismada; Sivas havzasinin giiney kenarinda Cetinkaya - Divrigi arasindaki demiryolu giizergahinda yer
alan 21 adet kaya sevinin, yol genisletilmesine yonelik yapilacak calismalar sirasinda ve sonrasinda olugmasi
muhtemel eklem kontrollii sev duraysizliklari agisindan incelenmesi amaglanmistir. Calismalar; arazi, laboratuvar ve
biiro caligmalart olmak {izere ii¢ asamada gergeklestirilmistir. Arazi ¢aligmalarinda; yarmalarin yer aldigt
jeolojik birimler tanimlanmus, kaya kiitlesi 6zelliklerini belirlemeye yonelik eklem ozellikleri 6l¢iilmiis ve/veya
tanimlanmis, kayaglarin jeomekanik 6zelliklerini belirleyebilmek i¢in gerekli kaya drnekleri derlenmistir.

Yol giizergahindaki sevler, yaygimn olarak, Ust Kretase yasli ofiyolitli karisik ve Jura yash ofiyolit toplulugundan
olusan birimler igerisinde yer almaktadir. Caligma kapsamindaki sevlerin, yol giizergahinda gergeklestirilecek
genisletme ¢aligmalart sonundaki durayliliklar kinematik agidan degerlendirilmiglerdir. Calisma kapsaminda ilk
olarak inceleme alaninda yer alan kaya sevlerinin de igerisinde yer aldigi kaya kiitleleri igerdikleri
siireksizlikler agisindan degerlendirilmistir. S6z konusu siireksizlikler saha ¢alismalar1 sirasinda 6lgiilen
aralik, devamlilik, agiklik, yiizey piiriizliliigii, dolgu malzemesi, su durumu, siirtiinme agist ve eklem yiizeyi
dayanimi 6zellikleri bakimindan incelenmistir. Daha sonra arazi ¢alismalar1 sirasinda elde edilen siireksizlik
yonelimleri stercografik izdiisim teknigi ile degerlendirilmistir. Elde edilen verilerin degerlendirilmesi
sonucunda; kaya kiitlelerinde {i¢ hakim eklem takimi belirlenmis ve bu eklemlerin genel olarak “yakin”
aralikli, “orta” devamliliga ve “cok dar-dar” acikliga, “dalgali piiriizli” ve “orta bozunmus" 6zelliklere sahip
olduklari belirlenmistir.

Eklemlerde dolgu malzemesi gozlenmemis olmakla birlikte, ¢ok ender olarak karsilagilan dolgu
malzemesinin ise kalinligir 2.5-10 mm arasinda degisen kalsit oldugu belirlenmistir. Bu dolgu malzemesi
ozellikle bozunmanin daha fazla oldugu yiizeyde, yiizeye ¢ok yakin seviyelerde ise kil olarak gézlenmistir.
Stireksizlik yilizeylerinin dalgali ve piiriizlii 6zelliginden dolay1 Barton (1973) 6lciitii kullanilmis ve stireksizlik
yiizeylerine ait siirtiinme acilar1 ortalama 35° olarak belirlenmistir. Kil dolguyla ¢ok ender olarak ve sadece
yiizeyde karsilagilmasi nedeniyle analizlerde degerlendirmeye alinmamuistir.

Kinematik analizler, 6zellikle eklemli kaya kiitlelerinde gerceklestirilen sev durayliligi arastirmalarinin
baslica asamalarindan biri olup, ayrintili analizler 6ncesinde degerli bilgiler saglamaktadir. Caligma alanindaki
kaya sevlerinin durayliliklarinin kinematik analizlerle degerlendirilmesi sonucunda, diizlemsel, kama ve
devrilme gibi farkli duraysizlik tiirlerinin gelisebilecegi olast sev yonelimleri ve lokasyonlari belirlenmistir.
Gergeklestirilen kinematik analizler, ¢alisma alanindaki kaya sevleriyle ilgili potansiyel duraysizliklarin, genel
olarak GB ve GD olmak iizere, iki yonde s6z konusu oldugunu gostermistir. Bu incelemelere gore diizlemsel,
kama ve devrilme tiirii duraysizliklar igin kritik sev egimleri sirasiyla 65°, 52° ve 50° dir. Calismalarmn son
asamasinda; olasi sev duraysizligi bolgeleri haritalanarak, demiryolu geckisi boyunca kayma potansiyeline sahip
sev yarmalari harita {izerinde gosterilmistir. Siireksizlik denetimli sev duraysizliklarinin tim gegki boyunca yer
yer gdzlenmesine karsin, daha ¢ok Giinesli istasyonundan itibaren Divrigi’ye kadar olan gecki igerisinde
dagilim gosterdigi goriilmiistiir. Her bir duraysizlik tiiriinden bagka, yer yer bunlarin kombinasyonlar: seklindeki
duraysizlik sorunlari da belirlenmis ve haritalanmigtir.
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ABSTRACT

This study aims to determine the potential slope stability problems of 21 rock slopes controlled by joints, along
the railway route between Cetinkaya and Divrigi at the south of Sivas basin during and after line extending works.
The investigation comprised three stages as field and office works, and laboratory testing. Initially the rock
masses forming the slopes were geologically identified. Joints were then evaluated and thereafter, fresh rock
samples were obtained from various representative locations and geomechanical properties of rock samples
were determined by means of laboratory testing.

Slopes at railway route are observed in Upper Cretaceous ophiolitic melange and Jurassic ophiolitic units.
Stabilities of the slopes after line extending works were assessed by use of kinematical analysis technique.
Discontinuities in the rock masses where the slopes considered were first evaluated according to their separation,
aperture, continuity, roughness, fill material,, water condition, friction angle and joint surface alteration. Orientations
of discontinuities were then determined with the use of stereographic projection method, and three main joint sets
were identified. The results obtained from the evaluation of joints indicated that they can be classified as, moderately
continuous and having a narrow spacing, wavy and rough surfaces, very wide-wide aperture and moderately altered
surfaces.

However, no fill materials were observed in general, calcite as a fill material with a thickness of 2.5-10 mm
was rarely observed. A rare clayey fill material was also evident in surface and depth close to the surface
where the alteration is relatively higher. Barton (1973) failure criterion was used to determine the internal
friction angle of the joint surfaces because of the wavy and rough surfaces of joints, and average friction
anglee of 35°was found. Clay fillings were not considered in the analyses, because they are observed only
at the surface..

The method of kinematical analysis is a main stage of slope stability analyses in jointed rock masses
and provides valuable data at the beginning of detailed stability analyses. Slope stabilities in the study area
were evaluated by means of kinematical analyses and potential directions and locations for different instability
types such as planar, wedge and toppling were determined. Kinematical analyses showed that the potential slope
instabilities of rock slopes in the study area were in two main directions of SW and SE. Critical slope angles for
planar, wedge and toppling failures are 65°, 52° and 50°, respectively, for appropriate direction of slope. As a last
stage of the study, potential slope instability regions were mapped, and slopes along the railway route with a failure
potential were also shown on the map. Although slope instabilities controlled by joints were observed through the
entire railway route, they showed a widespread distribution between Giinesli and Divrigi, relatively. Instability
problems sourced solely from planar, wedge or toppling in places and their combinations were also determined and
mapped.

Keywords: Slope stability, Discontinuity, Kinematical analysis, Railway route

Deginilen Belgeler

Barton, M.R., 1973. Review of a new shear strength criterion for rock joints. Engineering Geology, 7, 287-332.



