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ABSTRACT. This paperdiscusses thetability and to propose preliminary rock cut slope
protection and stabilization measures for tlkdigocene to Late Miocene Temburung
Formation along the Beaufeifenom railway, Sabah. Nine (9) slopes were selected for this
study. Geological mapping, discontinuity survey, kinematic analysis and prescriptive
measures were used in this study. Result of this stglude that the mod# failures are
wedge, planar,circular and complex typesGunite, soil nas, wire mesh,weep holes
subsurface drainageslope reprofiling, terracing andsurface drainage are proposed
stabilization and protection measures for giepe in study area.

KEYWORDS. Temburung Formation, Beaufefenom, Railway, slope stability, mode of
failure.

INTRODUCTION

The development of instability in rock cut slope is a serious problem with a significant
economic and social impact. Catastraplailures of rock cuts can result in property damage,
injury and even death. Along Beaufdienom railwaythis situation appean®lated to rock
mass charactestic and its abundant rainfall.

The development of instability depends on the combination ef rdtk mass
characteristics (strength, lithology, structure and degree of weathering), the preservation of
the slope and how water enters into the system, depending on the relationship between the
rainfall-runoff and the groundwater. Combinations of th&sdors contribute to the large
number of accidents during and after construction work, as well as loss of both material
resources and lives (Uriketxebarriaet al.,2005).

The occurrence of slope failures at km 130.1 and 112 on 9 April 2013 (Photodraph 1
and 1B) and km 123.8 of Beaufdrenom railway on 7 April 2008 (Photograph 1C) with 2
mortality has become issues for this study. These three (3) slope failures was happened in
Temburung formation. Then, this study was conducted only in Temburung fonmati
Temburunr% formation is characterized by intense jointing and sheaing, small poligonal block
shape (1crhi 1m®) and irregular blocks type. To evaluate the rock slope stability, 9 cut rock
slopes have been selected and identified as Slope 1, A,3%,4], 8 and OespectivelyThe
locations of cut rock slopes in the study area are shown in Figure 1.
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Photograph 1 Slope failure. A- km 130.1(2013); Bi km 112(2013); Ci km 123.8
(2008)
METHODOLOGY

Geological mapping, discontinuity survayd kinematic analysis have been used to evaluate
slope stability in this study area. Geological mapping includes lithological and structural
observation and interpretation. For discontinuity survey, the scan line method was conducted
by following ISRM (198). DIPS 5.0 software package (Rocscience, 2009) has been used to
identify the discontinuity sets and average orientations of discontinuity sets.

Evaluation of rock slope stability was performed by kinematic analidaskland,

1972) Kinematic refers tohte motion ofrock massodies without reference to the forces that
cause them to move (Goodman, 198Qjnematic analysis is very useful to investigate
possible mode of failure of rock masses which contain discontinuities (Jeghgim &
Kulatilake, 2001)

In thekinematic analysis, it is assumed that the friction angle (@) for the discontinuity
planes is about 3QKliche, 1999; Hoek & Bray, 1981). This value is assumed to represent
averagefriction anglefor the slope material. However, it is notedttiiais value may be
decreased down to as low as #Ythe presence of seepage along the discontinuity planes, or
increased up to 35n dry, very hard and rougfiscontinuitysurfaces.

The slope stabilization and mitigatianeasures wer@etermined byprescriptive
measures (Yet al, 2005) and using conventional engineering practices.

GEOLOGY

The study area is underlain by the Crocker and Temburong Formations, which is
inter-fingering as well as alluvium deposits with the age of Pleistocenélalodene (Figure
1). These two formations are part of turbidite deposits.

The Crocker Formation is of Late Eocene to Early Miocene age and composed of a
few types of lithologies such as thick sandstone unit, interbedded sandstone and shale unit
and thick shalenit. The dominant norteouth strike of the Crocker Formation gives rise to a
series of elongated parallel ridges (Wilson & Wong, 1964). The major structural pattern in
this area is dominated by thrust faults trending northeashwest with minor foldsystem
plunging to northeast.
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Figure 1 General geological map and slope locations of the Beatfd'enom railway
area (modified from Wilson & Wong, 1954; Yin, 1985).

The Temburung formation was deposited by the age range from Oligocene to Early
Miocene (Sanudin & Baba, 2007). The Temburong Formation is slightly diffeverare to
Crocker Formation. It is composed of thick shale unit (Photograph 2A) and interbedded
shale and sandstone unit with 3:1 (Photograph 2B), 1:1(Photograph 2C) andatag)i@h
2D) ratios.
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Photo 2 Lithological unit of the Temburung formation. A- thick shale unitat S4; B-
interbedded 3:1 shale and sandstone uniat S5 C- interbedded 1:1 shale and
sandstone unitat S9 D- interbedded 1:3 shale and sandstonenit at S9

The Pleistocene alluvium is a terrace deposit which composed of coarse gravel in
most outcrops. The Holocene alluvium was deposited along the riverside angléood
areas.

RESULTS

The nine (9) slopes, rock masharactestics and sl@e instabilityin the study areare

shown inFigure 1 andTable 1. The rock masss aregenerally highly jointed, sheared and
faulted. Seepage occunm moderate to thick shale beslopes. The persistence of
discontinuity isvery low except fotthe beddingplanes. The block size is small for sandstone
beds but very small for thin sandstone and shale beds. The block shape is tabular to irregular.
The highly weathered thick shale unit shows thekmmass as soil like and weak.

Observed instability featuresidhe slope face are planes circular failure (Photograph
4A), wedge failure (Photograph 4Bhd complex failures (Photograph 4C), debris deposits
and rock blocks. Results of the Markland test are shown in Figure 2 and Table 2. The
potential modes of failess are wedge, circular, planar and complex failures.
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Table 1. Rock mass characteristis and instability observation

- Instability
Slope | Characteristics Observation

S1 | Interbedded B:shale and sandstone unitighly jointed and faulted. No seepag{ Rock block, wedge
Low discontinuity persistence. Small block size and irregular block shape. | failure

S2 | Interbedded 3:1 shale and sandstami&é Highly jointed and sheared. No seepa Rock block, wedge
Low discontinuity persistence. Small block size and irregular blbakes. failure, debris deposit

S3 | Interbedded B:shale and sandstone unitighly jointed and faulted. Seasonal | Rock block, wedge
seepage. Low discontinuity persistence. Small block size and irregular block failure, debris deposit
shape.

$4 | Interbedded 3:1 shale and sandstami&é Highly jointed, sheared and faulted. | Circularfailure, debris

Water seepage occurs. Low discontinuity persistence. Very small block size
irregular block shape. Soil like.

deposit

S5 | Shale thicker thanamdstone unit. Highly jointed and faulted. Seasonal seepa{ Wedgefailure, debris
Low discontinuity persistence. Very small block size and irregular block shay deposit

S6 | Interbedded:1, 1:1 andL:3 shale and sandstone witighly jointed, sheared | Circularfailure, debris
and faulted. Seepage occurs. Low discontinuity persistence. Small block siz¢ deposit ¢olluvium
irregular block shape. deposit)

S7 | Interbedded 3:1 shale and sandstone Hiigthly jointed and faulted. Seepage | Wedgefailure, debris
occurs. Low discatinuity persistence. Small block size and irregular block shi deposit

S8 | Interbedded B:shale and sandstone unitighly jointed and faulted. Seepage | Wedgefailure, debris
occurs. Low discontinuity persistence. Small block size and irregular blopk.s| deposit

S9 | Interbedded 1:and1:3 shale and sandstone witighly jointed and faulted. Wedgefailure, debris

Seepage occurs. Low discontinuity persistence. Srakisize and irregular

block shape.

deposit

7 Photograph3 Slope fa|lur A| C|rcular fallure B| wedge failure; Ci complex
failure.
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Figure 2. Markland test for slope 1(S1)to slope 9(S9) B- bedding; J1- joint 1; J2- joint
2; J3-joint 3; J4- joint 4; J5- joint 5; BJ3T intersection of bedding and jont 3; BJ2 1
intersection of bedding and joint 2; J1J2 intersection of joint 1 and joint 2; J1J31
intersection of joint 1 and joint 3; BJ1i intersection of bedding and joint 1; J3i
discontinuity plane of joint 3.
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