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Abstract- The reduction of shear strength parameters of the soil in the slopes as well as the reduction of suction as the soil become
saturated during prolonged rainy seasons are the two main causes of slope failuresin Malaysian residual soils. I n this study, a total of 227
shear strength parameters were obtained from 29 slope failures in Penang Island and Baling. Both locations are located in Northern
Malaysia. In addition, 35 shear strength parameters were also obtained from 10 stable slopes, also at the same locations. Disturbed soil
samples were taken at a depth of 100mm from the existing ground surface. Field bulk density tests were carried out at all the location
where soil samples were taken. The field bulk density results were later used to re-compact the soil for the consolidated drained shear box
tests to be carried out in laboratory. The objective of the research is to determine the threshold values of the effective shear strength
parameters of soil taken from both the slope failures and stable slopes. The threshold values of the effective shear strength parameters of
the soil slopes were determined after comparing the effective soil shear strength parameters taken from slope failures and stable slopes. It
was found that, the threshold value for the effective cohesion ¢’ was 0.0 kN/m? while the threshold value of effective friction angle @’ was

23.2°.
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. INTRODUCTION

In Malaysia, slope failures usually occur during the rainy
season especially during the months of October to January
every year. The two main factors causing slope failures are
the reduction of shear strength parameters of the soil slopes
and the reduction of suction as the soil become saturated
during prolonged rainy season. Slope failure is defined as the
movements of a large volume of sediments and rock
materials down dope under the action of gravity as
mentioned by [13]. Stable slope is a slope which is still
standing until now and does not show any sign of failure.
Shallow slope failure is a slope failure where the depth is
between 3 - 5m and occurring above the dope toe as
explained by [13, 14].

Many slopes designed by experienced geotechnical design
engineers failed as described by [1, 11] in which more than
15 dope failures occurred during the construction of the
newly cut slopes along the new road from Pos Selim in Perak
to Lojing in Pahang. One of the slope failures along this road
was studied by [12] upon the request of Public Works
Department of Malaysia, after 10 slope failures occurring to
this particular cut dlope at CH 23+800. The main reason is
due to the usage of higher value of effective shear strength
parameters during the design stage since soil investigation
(SI) could not detect the relict joints as well as the slope is
passing through a treacherous instable geological setting zone
as explained by [16]. Only nomina numbers of SI were
conducted since they are expensive unless it is necessary to
conduct more S| due to the area is prone to sope failure
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occurrences. The higher value of effective shear strength
parameters were not downgraded or reduced during the
construction stage since during the mapping works of the cut
slopes were done, relic joints were not detected as the cutting
of slopes progressed downwards. Relict joints are
discontinuities that are inherited from their parent rocks as
the rocks decomposed into residual soils. These
discontinuities are in the form of bedding planes, foliation
planes, joints, fault planes etc. Relic joints will form planes
of weakness in the sope mass since they have much lower
effective shear strength parameters as described by [16].
They also readily allow groundwater to flow through them.
The objective of the research is to determine the threshold
(minimum) values of the effective shear strength parameters
of soil taken from both the slope failures and stable slopes.
One dimensional consolidation tests were used to
determine the slow shearing rate to be used in the CD shear
box tests, and these were based on [8]. The procedures to
conduct consolidated drained (CD) shear box tests were based
on [3, 10]. Reference [4] conducted a study on the variation
of shear strength parameters of residual soils and concluded
that the shear strength parameters of the soil are highly
variable and increases in strength as it goes deeper into the
soil. Reference [12] conducted shear box tests on soil
samples taken from the most troublesome cut slope failure in
Malaysia. The slope is about 240.0 m high and about 1.5 km
width with the average dope angle of 40.0 degrees.
Reference [18] mentioned that this is the highest and biggest
cut slope ever built in Malaysia is aso responsible for the
delay of the completion of the road by more than 4 years. The
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parent rock of the slope consists of well foliated with almost
perpendicular joints, locally faulted schist. Once the highly
fractured schist is weathered, all the foliations and its
perpendicular joints will become relict joints within the weak
weathered soil. From the results of the shear box tests,
reference [12] found that the range of the residual friction
angle the weak weathered schist is between 23.0 — 42.0°.

I[I. GEOLOGY

Reference [19] stressed that residua soils are formed from
the weathering of parent rocks and they remain in-situ where
they are formed. The properties of residual soils depend
strongly on the weathering conditions and features of the
parent materials. The distribution of tropical residual soils is
closely related to the distribution of the various parent rock
types in Maaysia. Reference [9] had produced a smplified
geological map for Peninsular Malaysia as shown in Fig. 1. It
also shows the distribution of the three major classes of soils
widely found in Malaysia. As described by [17], the 3 types
of soils commonly found in Peninsular Malaysia are granitic
resdual soil, sedimentary including meta-sedimentary
residual soil and coastal alluvium formation. As explained by
[20], granite rock which is part of igneous rock, is widely
found in Malaysia while sedimentary rocks mostly found in
Maaysia are mudstone, sandstone, shale and schist. Fig.1
also shows the study areas of slope failures and stable slopes
in Penang and Baling. Fig. 2 and Fig. 3 show the locations of
slope failures and stable slopes selected in Baling and Penang
respectively.

[11. SOILSSAMPLING AND FIELD TESTS

A total of 227 shear strength parameters were obtained
from 29 dope failures in Penang Island and Baling. In
addition, 35 shear strength parameters were also obtained
from 10 stable dopes, also at the same locations. Soil
sampling points taken at the slope failures and stable slopes
are shown in Fig. 4 and Fig. 5 respectively. A slope failure
area includes the failed section, the un-failed section next to
the failed one as well as the dope crest and slope toe.
Disturbed soil samples were taken at depth of 100mm from
the existing ground surface at both the slope failure and
stable slope locations. Once they were retrieved from the
ground, they were immediately placed in two layers of plastic
bags to prevent moisture loss. Field bulk density tests were
also carried out at al the locations where soil samples were
taken.

V. TESTING PROGRAM

Field bulk density tests were carried out at all soil sampling
points. The actual field bulk density was used to re-compact
the soil specimen into the shear box. Shear tests were
conducted on 60 x 60 x 26 mm soil specimens. The specimen
preparations and procedures to conduct CD shear box tests
were based on [3, 8]. Soil specimens were submerged in
water for about 30 minutes until water seeped towards the
soil surface. Since the residual soil is a porous material as
explained by [2], water quickly seeped into the very
permeable residual soil. The soil specimen was consolidated
until al consolidation settlements were completed. Once they
were completed, the soil specimen will be sheared until
failure using a slow shearing rate of 0.179 mm/min. The
procedures to determine the slow shearing rate of the CD
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shear box tests were based on [3, 5, 8]. Since the average
height of the slope failure and stable slopesin Baling and
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Fig. 1 Smplified geology map of study area
(Simplified geology map after [9]).
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Fig. 2 Slope failures and stable slopesin Baling.
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Fig. 3 Slope failures and stable slopes in Penang
Island.

Penang is 6m, normal stresses used in the CD shear box tests
were 20.0, 45.0 and 90.0 kN/m?.
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V. SHEAR STRENGTH PARAMETERS

From Table 1, lower values and ranges of shear strength
parameters are observed at stable slopes as compare to at
slope failures due to the weakest soil at the slope surface is
displaced and moved down the slope as the sope failed. At
failed slopes, soil samples were taken at the dightly stronger
soil. The weaker soil at the slope surface of stable slope is
still there, thus giving dlightly lower value and ranges of
shear strength parameters at stable slopes. Soil samples were
taken at depth of 100mm from the existing ground level. As
explained by [4], the soil strength increases as the soil goes
deeper into the residual soils.

TABLE 1 RANGES OF SHEAR STRENGTH
PARAMETERSAT FAILED AND STABLE SLOPES

| A| Sopecrest @G —
Stable ® Cc
slope
slope Stable slope P
oA @D OF
'—> Slopetoe
A
Stable Soil sampling at
slope 100mm depth
A P Disturbed soils
[ sectiona-a | sampling points

Fig. 5 Locations of soil sampling point at stable
slope.

140

120

¢ y=0.9181x+34.612
R?=0.4087

Sail Shear strength Rangein Rangein

types par ameter dopefailures | stable slope
Residual ¢’(kN/m ?) 0.20-59.40 0.20-36.20

soils @ ° 8.60-65.80 3.20-44.40

VI. THRESHOLD VALUES

The average norma stress of 51.7 kN/m? was used to
calculate the shear strength of soil taken from slope failures
and stable slopes where the shear strength of soil is given by

.
7 =C +o tan @’ @

Where: 1; is the soil shear strength, ¢’ is the effective
cohesion, ¢’ is the average effective normal stress and @’ is
the effective friction angle of the soil. Fig. 6 and Fig. 7 show
the effective cohesion versus soil shear strength and effective
friction angle versus soil shear strength respectively for soils
taken from dope failures and stable slopes, both in Penang
and Baling. It can be seen from Fig. 6 and Fig. 7, the soil
shear strength are highly variable as explained by [4]. In Fig.
6 and Fig. 7, when the curves of the slope failure crossed the
curves of the stable slope, threshold values of the effective
cohesion and effective friction angle are obtained
respectively. The threshold value of effective cohesion ¢’ =
0.0 kN/m? while the threshold value of effective friction
angle®’ =23.2°,

> A| Slopecrest @ ©
Un-failed

Un-failed eC
slope
slope Slope failure P
Ae [ @B @D GE|®F

I_> Slope toe

Un-failed
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A
X { J
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Fig. 4 Locations of soil sampling points a slope
failure.

Soils sampling at
100mm depth

Disturbed soils
sampling points
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Fig. 6 To determine the threshold value of
effective cohesion.
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Fig. 7 To determine the threshold value of
effectivefriction angle.

VIl. SLOPE W ANALYSIS

By using the threshold values of the shear strength
parameters and also by using the typical un-failed cross-
sections of slopes for both in granitic and sedimentary
residual soils (Fig. 8), the typical SLOPW W analysis output
is obtained asin Fig. 9. The output in Fig. 9 shows a shallow
dope failure since failure plane is above the slope toe where
this type of failure was selected in this study. The SLOPW W
anaysis was using Morgenstern-Price method.
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As explained by [7, 15], Morgenstern-Price method is one
of the most accurate methods to analyse the stability of slope.
It was observed from Table 2 that the values of Factor of
Safety (FOS) were less than 1, for slope with water table at
ground surface. When the water table is at the ground level,
the sail is fully submerged and this condition is the most
critical stability condition of a slope.

Fig. 8 Typical cross section of the un-failed dope
in granitic residual soil

Fig. 9 Typical SLOPE W analysis output using
the un-failed slopein granitic residua soil.

TABLE 2RESULTSOF SLOPE W ANALYSISBASED ON
UN-FAILED SLOPE CROSS SECTIONS

Residual soil Avg. Avg. c o’ FOS
type slope | slope | (kN/m?) ©
height angle
(m) O
Granitic 7.0 44.0 0.0 23.2 0.1
Sedimentary 54 48.5 0.0 23.2 0.1

VIIl. DISCUSSIONS

The threshold values of the effective shear strength
parameters of the soil slopes are determined after comparing
the effective soil shear strength parameters taken from slope
failures and stable dopes. The threshold value obtained for
the effective cohesion ¢’ = 0.0 kN/m? while the threshold
value for the effective friction angle @’ = 23.2°. The effective
cohesion ¢’ = 0.0 kN/m* which is in accordance with the
view of [6] who only recommended the used of ¢’ = 0.0
kN/m? unless there are significant test results to obtain the
other representative values. The threshold value of the
effective friction angle @’ = 23.2 %and this value is almost
the same as the minimum value of residual friction angle of
23.0 ° found by [12]. By using the threshold values of the
shear strength parameters and using the typical un-faled
cross-sections for both in granitic and sedimentary residual
soils, SLOPW W analysis was carried out. It was found that,
the values of factor of safety were less than 1, for dope with
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water table at ground surface. The water table at the ground
surface is the most critical slope stability condition of a slope.

ACKNOWLEDGEMENT

This work was supported by grants from Universiti
Teknologi Mara (UiTM), Malaysia. Many thanks are due to
Yee Hooi Min and Mohd Mustagim Md Nordin who have
assisted the authors to publish this paper.

REFERENCES

[1] Abu Bakar, S, “Soil nail/anchor stabilisation and retaining
walls,” PWD, Alloy Concrete Engineering Sdn. Bhd. &
Terractech Consultant Sdn. Bhd. 1999.

[2] Anderson, M.G., Collision, A. J.C., Hartshorne, J., Llyod, M.D.,
Park, A., “Developments in slope hydrology - Stability modelling
for tropica slopes,” In: Anderson, M.G., Brooks, S.M., (eds)
Advances in Hillslope Processes. John Wiley & SonsLtd., Vol. 2,
pp. 799-821, 1996.

[3] ASTM D 3080 “Standard test method for direct shear tests of
soils under consolidation drained (CD) conditions,” American
Society for Testing Materials, USA, pp. 1-6, 1998.

[4] Brenner, R.P., Garga, Y., Blight, G.E., “Shear strength behaviour
and measurement of shear strength in residual soils,” In: Blight,
G.E., (eds) Mechanics of Residua Soils, Balkema, Rotterdam,
pp. 155-217, 1997.

[5] Bowles, JF., “Direct shear test, Engineering Properties of Soils
and Their Measurements,” Fourth edition, McGraw-Hill Inc, New
York, pp. 201-21, 1992.

[6] Chin, T.Y., Meng, C.C., “Slope stability and stabilizations,”
Tropical Residual Soils Engineering, A. A. Balkema Publisher,
London, pp. 169-197, 2004.

[7] Duncan, JM., Wright, S.G., “Mechanics of limit equilibrium
procedures,” Soil Strength and Slope Stability, John Wiley &
Sons, Inc, New Jersey, pp. 55-63, 2005.

[8] Head, K.H., “Direct shear tests. Manua of Soil Laboratory
Testing: Permesbility, Shear Strength & Compressibility Tests,”
Engineering Laboratory Equipment Limited, Pentech Press,
London, Vol. 2, pp. 509-572, 1994.

[9] Komoo, I., “Engineering properties of weathered rock in
Peninsular Malaysia,” Proceeding of the 8". Southeast Asia
Geotechnical Conference, Kuaa Lumpur, IEM & SEA
Geotechincal Society, Vol. 1, pp. 3-81 to 3-86, 1985.

[10] Liu, C., Evett, J.B., “Direct shear test. Soil Properties - Testing,
Measurement & Evaluation,” Pearson Education Ltd, New Jersey,
pp. 361-382, 2003.

[11] Madun, A., Omar, H., Abdul Malek, R., Maail, S., “Engineering
properties of the cut slopes a Pos Selim Highway, West
Malaysia,” Proceeding of the Second World Engineering
Congress: Engineering Innovation and Sustainability - Globa
Challenges and Issues, UPM & IEM, Sarawak, Maaysia, pp.
176-181, 2002.

[12] Malone, A., “Landslide study at CH 23+800 Simpang Pulai—
Lojing Highway, Malaysia,” Report to the Minister of Works
Malaysia, Public Works Department, Retrieved on 11 Jan. 2014,
from www.earthscience.hku.hk/upload/CH% 2023+ 800.pdf,
2007.

[13] Md Noor, Md. J., “What is rainfall-induced landslide? and The
role of geological and geomorphological features in slope
stability,” Understanding Rainfall-Induced Landslide, UiTM
Press, UiTM, Shah Alam, pp. 1-190, 2011.

[14] Morgenstern, N., “Probabilistic assessment of stability of a cut
slope in residual soil,” Seminar on Uncertainty and Risk in
Landslide Engineering, PWD, IKRAM & IEM, Kuala Lumpur,
2007.

[15] Nash, D.F.T., “A comparative review of limit equilibrium
methods of analysis,” In: Anderson, M.G., Richards, K.S., (eds)
Slope Stability — Geotechnical Engineering and Geomorphology,
John Wiley & Sons, Chichester, pp. 11-16, 1992.

13


http://www.earthscience.hku.hk/upload/CH%

International Journal of Latest Research in Science and Technology.
[16] Omar, W., Neoh, C.A., “Landslide problems for roads in
mountainous terrain - Some Malaysian experiences,” Proceeding
of Natural Disaster Reduction for Roads, PIARC Seminar, New
Delhi, India, 1997.

[17] Ooai, T.A., “Malaysian soils & associated problems,” Chapter 2,
Geotechnical Engineering Course, University Maaya, Kuaa
Lumpur, 1982.

[18] Othman, M.A., Huat, L.T., Jamauddin, T.A., Komoo, I.,
“Characteristics of geological controlled landslide at the Simpang
Pulai — Blue Valley road,” Proceeding of the International
Conference on Slope Maaysia 2006, KL, PWD, 2006.

[19] Singh, H., Huat, B.B.K., “Data on slope parameters for erosion
and landslide risk assessment: availability and adequacy,”
Proceeding of the International Conference on Slopes, Maaysia
2008, PWD & IEM, KL, pp. 437-456, 2008.

[20] Tan, B.K., “Country case study: Engineering geology of tropical
residual soils - Tropica residual soils engineering,” In: Huat,
B.B.K., Gue, SS, Ali, F., (eds) Tropical Residua Soils
Engineering, A. A. Bakema Publisher, London, pp. 237-245,
2004.

ISSN:2278-5299



