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ARTICLE INFO ABSTRACT

Keywords: Geographical Information Systems (GIS) have a very large spectrum of users. As in many engineering applica-
GIS tions, GIS are frequently used in geotechnical projects, especially in producing various thematic and zoning maps
Instability map such as various susceptibility and hazard maps. Instability maps for large areas with similar characteristic can be
Kinematic analysis produced in a practical way by evaluating the results obtained by the data collected from field and laboratory
Rock slope stability studies.

In order to introduce a methodology for producing rock slope instability maps for a large area, discontinuity
controlled slope failures in the Kose Granitoid Complex (NE Turkey) were selected. To determine the types of
failure such as planar, wedge, and toppling, and possible instable slope orientations kinematic analyses were
carried out in the limited areas. The relationships between orientations of natural slopes and discontinuities
obtained from kinematic analyses were evaluated with GIS software. Finally, discontinuity controlled instability
maps were produced for the study area.

Resulting maps show that the most common type of failure is wedge type. Additionally, the distributions of
unstable areas along road networks were determined. Various land use types such as agriculture, grassland,
settlement, and forest were also classified in order to predict the possible effects of slope instabilities. The
methodology introduced in this study indicates highly promising results for the assessment of rock slope in-

stability in large areas.

1. Introduction

The most important part of any slope design study is stability ana-
lysis. A safe and economical slope design can be produced only if data
are realistic and representative, and the most suitable stability method
is chosen. There are many types of stability analyses for rock or soil
slopes. The most popular methods for soil slope analysis include those
by Fellenius (1936), Bishop (1955) and Janbu (1954). Kinematic ana-
lyses are used for preliminary design of rock slopes (Hoek and Bray,
1981; Goodman, 1989; Wyllie and Mah, 2004). Limit equilibrium and
numerical analyses are used for slope designs in more complex settings.
The most important factors in the selection of an analytical method are
geotechnical characteristics of the material constituting the slope (rock
or soil) and failure mechanics. A reliable slope design can be achieved
only through stability analyses conducted in due consideration to these
two factors.

In studies on the stability of rock slopes, the kinematic analysis
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method is commonly used. Some researchers prefer using limit equili-
brium and numerical analysis in addition to kinematic analysis, and
perform stability analysis for local areas (Gurocak et al., 2008; Gischig
et al., 2011; Alemdag et al., 2014, 2015; Kaya et al., 2016; Kaya, 2016;
Gurocak et al., 2017). Additionally, some researchers have produced
probabilistic and GIS-based risk maps, by using probabilistic analysis,
fuzzy inference systems, as well as other commonly used methods
(Gokeeoglu et al., 2000; Yoon et al., 2002; Park et al., 2016).

The present study aims at generating instability maps, and de-
termines the distributions of possible slope instabilities on land use and
along the road network in the Kose Granitoid Complex, which includes
intensely jointed and moderately weathered rocks cropping out in an
area of ~250 km? (Fig. 1). Field and laboratory work were conducted,
and resulting data were analyzed utilizing the kinematic method. Re-
sults were evaluated to produce possible discontinuity controlled slope
instability maps for the whole area of the Kose Granitoid Complex. In
the final stage, the produced maps have been used to determine the

E-mail addresses: selcukalemdag@gmail.com (S. Alemdag), cgokce@hacettepe.edu.tr (C. Gokceoglu).

https://doi.org/10.1016/j.catena.2018.03.005

Received 19 September 2017; Received in revised form 14 February 2018; Accepted 5 March 2018

0341-8162/ © 2018 Published by Elsevier B.V.


http://www.sciencedirect.com/science/journal/03418162
https://www.elsevier.com/locate/catena
https://doi.org/10.1016/j.catena.2018.03.005
https://doi.org/10.1016/j.catena.2018.03.005
mailto:selcukalemdag@gmail.com
mailto:cgokce@hacettepe.edu.tr
https://doi.org/10.1016/j.catena.2018.03.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.catena.2018.03.005&domain=pdf

H.T. Bostanci et al.

40°15° N 40°18’ N 40°2I’N

40°12° N

BLACK SEA

39°30°E

Fig. 1. Location map of the study area.

39°36' E

Catena 165 (2018) 487-502

39°42°E 39°48' E
Z4
et i
o bb""-» 'vér

-

Kurtoglu Metamorphic Complex

(Earty Carboniferous)

Kose-Gumughane Granitoid Complex
(Late Carboniferous)

$enkoy Formation
(Earty and Micddle Jurassic)

Berdiga Formation
beaaaaa) (Late Jurassic-Earty Cretaceous)
Sirataglar Formation
(Migcle Eocene)

Alluvium

(Quaternary)

Fault
E City Center
‘I] Village Center
Highway

e L

Scale

4km

Fig. 2. Geological map of study area, modified after Giiven (1993).
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