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Abstract: A landslide occurred after heavy rains caused the collapsed of a pylon and undermined the
footings of two other pylons. Due to time and site accessibility constraint, Mackintosh Probing and Seismic
Refraction Survey were used to determine the thickness of the overburden and its consistency. Soil
parameters were established by back analysis of the collapsed slopes. Two sets of soil strength parameters,
namely sandy soil and silty soil were obtained from the back analyses to capture possible variation in the soil
condition at the site. The parameters were then used for the design of the slope stabil isation works using soil
nails.

INTRODUCTION

A landslide near a hillt op at Segari, Perak occurred in early March 2004 after days of heavy rains.
The debris flow of the landslide caused the collapse of a pylon, namely Pylon 4A locating at the
down slope and undermined the footings of two other pylons, Pylons 3B and 4C on the top of the
slide area. Pylon 3A which was linked to Pylon 4A, was badly affected and was demolished. These
are all power transmission pylons. The layout of the slipped areas and the pylons are shown in
Figure 1. Plate 1 shows the condition of the site after the landslide.

Immediately after the authors were informed of the incident, the following actions were taken:
Monitoring of pylon movements; Covering up of exposed surfaces to minimise surface water
infilt ration and erosion; and detail l and survey of the area.

This paper presents how investigation was carried out in a highly urgent manner and slope
stabili sation works were design using soil strength parameters established using back analysis
approach.

SOIL INVESTIGATION WORKS

Geological map in Figure 2 shows the site is in granite formation. The landslide was near a hillt op.
The site was covered by residual soils deriving from weathering of the parent rock. The soil
thickness varied but was believed to be quite shallow judging from the steep topography and
exposures of boulders. As slip surfaces usually occur within the overburden soils, the thickness of
the overburden material should be established for slope stabili ty analysis. The access to the site was
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diff icult and would need quite a bit of efforts and time to create an access road for the transportation
of boring rigs should boreholes be required. In view of the urgency of the situation, it was decided
to use Mackintosh probing (MP) and seismic reflection survey (SRS), both involved labourers and
highly mobile equipment and tools, to determine the thickness of the overburden and its
consistency.

The subsoil l ayers delineated by an SRS section are shown in Figure 3. The termination depths of
the MPs carried along the same section are superimposed on the same SRS section. The MPs were
terminated when the number of blows for 30cm penetration exceeded 400.

The overburden soil profile above the bedrock was determined based on the MP termination depths.
The material beneath was taken as the hard weathered material or the bedrock. Bear in mind that an
MP may terminate on a small boulder or debris of enough size to give a false termination. Depths of
doubtful MPs were corrected with reference to the SRS profile.

BACK ANALYSES

Soil parameters were established by back analysis of the failed slopes as per the guidelines in the
Hong Kong Geotechnical Manual for Slopes (Ref. 1), a popular reference amongst the engineers in
Malaysia. FS at failure was assumed 1.0. The groundwater table was assumed near to the slope
surface because failure occurred after heavy rains.

Two sets of soil parameters namely sandy soil and sil ty soil were obtained. These soil types are
commonly encountered in residual soil of granite thus possible variation in the soil conditions
encountered at the site could be captured. It was assumed that the slip surfaces were within the
overburden profile determined by the MP penetration depths from the observation of the shape and
nature of the slips. A strength of c’=100kPa, f ’ =45o were arbitrarily assumed for the bedrock such
that the most criti cal slip surface stayed within the overburden soils in the slope stabili ty analysis.
The slope stabili ty analyses were performed by computer programme PCSTABL6H developed by
Purdue University, USA. Modified Bishop circular method was used in the analyses. An output of
the computer programme is given in Figure 4.
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The soil strength parameters obtained from the back analysis were:
Sandy Nature c'=12.5kPa f '=40.5o

Sil ty Nature c'=19.0kPa f '=26.5o

Note that the back analysed cohesion values are rather high because of the shallow slip surfaces. It
is not prudent to rely on high cohesion for long term slopes. It was decided to check the slope
stabili sation work with a set of more conservative soil strengths, namely c' of 5kPa and f ' of 35o on
top of the back analysed strength parameters.

FACTOR OF SAFETY

The required safety factors for slope stabili ty were based on the recommendation of the Hong Kong
Slope Manual (Ref.1). The slopes concerned are considered ‘high risk' as a failure might cause
major power breakage. The required factor of safety for a high risk ‘existing slopes' is 1.2 for a
‘ ten-year return period rainfall '. Under ‘predicted worst groundwater conditions' the FS should be
1.1.

As the prediction of groundwater table under ‘ten-year return period rainfall ' relies on proper
rainfall data and soil parameters, it was not possible to predict the groundwater without
uncertainties. Therefore, very conservatively, the groundwater table was assumed at the slope
surface. This groundwater table can also be taken as the ‘predicted worst groundwater conditions'.
FS of 1.2 was to be achieved after stabili sation of the slopes. The Hong Kong manual does not
address FS for long-term prevaili ng groundwater table condition, a minimum FS of 1.5 was
adopted. This value has been adopted in the design of some dam embankments in Malaysia to the
authors' knowledge. Under normal prevaili ng condition, the groundwater table was assumed at the
bedrock surface.

Using the soil strength parameters obtained from the back analyses, the FS of the slopes after failure
under various conditions are summarised below:

Condition Soil Nature FS Remark
Full groundwater table, i.e. predicted worst
groundwater conditions, FS>1.2

Sandy
Sil ty

1.0
1.0

NG
NG

Long-term prevaili ng groundwater table, FS>1.5 Sandy
Sil ty

1.8
1.5

OK
OK

Although the geometry of a slope usually becomes more stable after a failure, this is not the case
here as the criti cal slip surface shifts to the unaffected slope. Nevertheless the FS under normal
prevaili ng groundwater condition is higher than 1.5. This ill ustrates that groundwater played a very
important role. It is why the slope was stable during normal days but did not survive after heavy
rains.
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STABILISATION OF THE SLOPES

Various slope stabili sation measures are presented by Chen & Tan (2005) and Lim & Tan (2005).
The selection of an appropriate stabili sation measure was highly restricted because of very difficult
access and steep topography. The measure adopted must not require heavy construction equipment
and transportation of excessive construction materials. Measures meeting such constraints include
soil naili ng, grouting and hand dug caissons. Grouting was not considered as the method inherits
high uncertainties and may not be cost effective. Hand dug caissons would not be effective as the
slip surface was shallow and widespread. Thus soil naili ng was adopted. Two slopes were repaired,
one on the slope below Pylon 3B the other one was the slope where Pylon 4C is.

To satisfy the required FS, soil nails were introduced at horizontal spacing of 2m by 2m with
working capacity of 140kN per nail as show in Figure 5. A preliminary pullout test was prescribed
prior to installation of the working nails at each repair area to verify the design load. Two routine
pullout tests were then randomly assigned on the working nails for quali ty control. The preliminary
pullout tests were tested to 2 times the design load while routine pullout were tests tested to
1.5times the design load.

All soil nails were either installed to a maximum length of 18m or anchored in the granite bedrock.
This was to ensure that the anchorage capacity of the soil nails was adequate should the slip surface
be deeper than anticipated. The soil nailed slopes were protected by shotcrete with nail heads
incorporated in it. The slope at Pylon 4C after completion of the stabili sation works is shown in
Plate 2.

Horizontal drains were introduced to lower the groundwater table. On top of that weep holes were
provided on the shotcrete for drainage of groundwater near the slope surface. This double drainage
provision reduces the likelihood of building up of excessive groundwater pressure which is harmful
to slope stabili ty.

SUMM ARY

The landslide occurred near the hillt op of on a steep slope. Due to urgency and site access problem,
MP and SRS were use to determine the thickness of the overburden soils layer on the slope. The
slip surfaces were shallow and should be within the overburden soils.

Back analysis approach was used to establish the soil strength parameters and the parameters were
use in the design of the stabili sation works. Groundwater table played an important in the slope
stabili ty. FS was adequate under low groundwater table but dropped significantly when
groundwater raised to ground surface after heavy rains.

The selection of an appropriate stabili sation measure was highly restricted because of very difficult
access and steep topography. The measure adopted must not require heavy construction equipment
and transportation of excessive construction materials. Amongst the method satisfy these
requirement, soil naili ng method was adopted after a comparison with grouting and hand-dug
caissons methods.

The soil nails were either anchored in the rock or installed to suff icient length just in case the slip
surface is deeper than anticipated. Since groundwater is an important factor in slope stabili ty.
Horizontal drains as well as weep holes were introduced to reduce the likelihood of excessive raise
in groundwater table.
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Figure 1 Site plane of the landslide area       Figure 2 Site Geology

Figure 3  A subsoil section determined by SRS       Figure 4 An output of the slope analyses

Figure 5 Slope stabili sed by soil nails    
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Plate 1 Slip below Pylon 3B

    Plate 2 View of the slope after completion of the stabili sation works
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