
2019 Rock Dynamics Summit-Aydan et al. (eds) 
© 2019 Taylor & Francis Group, London, ISBN 978-0-367-34783-3 

Assessment of a complex large slope failure at K1�lakoy open pit mine, 
Turkey 

R. Ulusay
Department of Geological Engineering, Hacettepe University, Ankara, Turkey

6.Aydan 
Department of Civil Engineering, University of the Ryukyus, Okinawa, Japan

A. Ersen 
Ersen Associates, Istanbul, Turkey

ABSTRACT: A very complex slope failure took place at an open-pit coal mine in 1984 in the eastern Tur
key. The earlier investigations showed that a basal clay layer at the bottom of the coal seam was the main 
cause of the failure. The failure took place while the coal seam was uncovered. In this study, a series of back 
analyses utilizing the information of geotechnical investigations before and after the failure and static and 
dynamic limiting equilibrium techniques and finite element analyses were performed, and their outcomes 
are presented and discussed. It is shown that the failure process was complex and involved the buckling of 
the lignite seam, sliding along the basal clay layer and shearing failure of overburden layers. The drainage 
conditions also played an important role in the initiation of the failure. Once the failure as initiated, the failure 
developed rapidly. 

1 INTR.ODUCTION 

The failure of slopes during mining operations 
results in not only loss of the mining machinery but 
also human lives which make the mining operations 
become very costly. Therefore, a good design is 
necessary before the initiation of mining operations 
since any change of design later on will result in high 
cost and time loss. 

A very complex failure took place at the north
eastern slope of the K1�lakoy open-pit mine of 
Af�in-Elbistan Lignite Mining Complex in the 
Eastern Turkey in 1984. The pit-floor heaved up as a 
result of the buckling failure of the lignite seam and 
a combined form of shear and sliding failure of min
ing benches occurred. The investigations showed 
that weak clay layers existed in the lignite seam of 
about 20 m thick and one of these clay layers played 
an important role in the failure (Ulusay et al. 1986). 

In this paper, the authors re-consider the 1984 fail
ure from another point of view. Previous analyses 
for the assessment of stability of these slopes were 
based on combined failure surfaces partly passing 
through the slope forming materials and partly along 
the basal clay layer (Ulusay et al. 1986). Examining 
the photographs of the failure, the heaved lignite 
seam shows a set of buckles. Based on this issue, the 
failure was re-examined by considering also the pos
sibilities of buckling failure and compressive failure 
of the coal seam which constitutes the pit floor. For 
this purpose, a series of back analyses utilizing the 
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information of geotechnical investigations b,f,re 
and after the failure, and static and dynamic limiting 
equilibrium techniques and finite element method 
were performed. The outcomes of these analyses are 
presented and discussed. 

2 GEOLOGY AND HYDROGEOLOGY 

2.1 Geology 
The Af�in-Elbistan basin is a closed basin and is 
formed as a result of uplifting of Toros (Taurus) 
Mountain range at the end of Alps orogenesis. The 
basin is uplifted and is subjected to a thrust aligned 
in the direction of NW-SE. There are normal faults, 
whose strikes are aligned NW-SE and dip to south 
with an inclination of 70-90°. The orientation of 
these faults are also indicative of ongoing NW-SE 
thrust type stress regime (Ketin 1984). 

The basal rock unit is limestone of Permo
Carboniferous age (Fig. 1). Both the later units and 
lignite deposits were formed during the Tertiary 
period. The deposits above the basal limestone 
and their characteristics from the bottom to top are 
briefly described below. 

The unit underlaying lignite consists of greenish 
gray highly plastic clay with some organic content. 

Lignite, with a thickness ranging between 10 to 
80 m in the pit, is approximately 15-20 m in the 
location of failure. There are several clayey layers 
within the lignite seam. 
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