
1 INTRODUCTION

After few heavy downpours, a landslide occurred in
a hill side housing area. Two bungalows were af-
fected. The foundation of one of the bungalows
(bungalow A) was exposed and the stabilit y of the
bungalow was in doubt. Figure 1 shows the plan
view of the landslide. Figures 2 and 3 show the ex-
posed foundation after slope failure.

Figure 1. Plan view of the landslide

2 SUBSURFACE INVESTIGATION

2.1 Site Investigation Program

A site investigation program consisted of boreholes
and light dynamic cone penetrometers was planned

Figure 2. Exposed foundation of Bungalow A

Figure 3. Close up of the exposed foundation
and implemented to obtain subsoil i nformation for
the remedial design. The light dynamic cone
penetrometer, or locally known as Mackintosh Probe
(MP) is a cheap and fast penetration testing method
and is a very popular sounding tool in Malaysia. The
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details of light dynamic cone penetrometer can be re-
ferred to  Ooi and Ting (1975). Standard light dy-
namic cone penetrometer consists of a cased harden
steel pointer of 2.5cm diameter with a cone having
apex angle of 30 degrees that is fixed onto a pene-
tration rod. The penetration rod is 1.25cm diameter
and 1.2m long. If more than one rod is required, the
rods can be connected by couplings. The driving is
executed using a 5 kg small hammer free fall
through a fixed height of 30cm along a guide rod.
The total number of blow counts for the pointer to
penetrate 30cm into the subsoil i s recorded. Because
of its light weight and continuous sounding charac-
teristic, it is very useful for the investigation of
failed slope and in determination of the slip surface.
Boreholes are usually required to obtain more detail
subsoil properties and to correlate with the results of
MP for the assessment of exact location of the slip
surface.

2.2 Results of soil i nvestigation

The subsoil at the failed slope can be simpli fied into
four main strata. The top layer composed of silty
clay. The thickness varied from about 3.5m to 8m.
The liquid limit and plasticity index were in the
range of 35% to 45% and 15% to 25% respectively.
Second layer mainly composed of stiff clayey silt .
The thickness was generally less than 2m. Liquid
limit and plasticity index are about 30% to 44% and
11% to 18% respectively. Third layer was generally
soft to medium stiff silty clay and consisted of sand
and gravel. The thickness varied from 3m to 6m. The
liquid limit and plasticity index were in the range of
30% to 45% and 10% to 20% respectively. The forth
layer was found at 13m to 17m below the ground
level and mainly composed of hard silty clay or
clayey silt .

Ground water level observed at the toe of the
slope was very near to the ground surface.

2.3 Location of slip surface

As mentioned in Section 2.1, the light dynamic cone

Figure 4. Results of light dynamic cone penetrometer

penetrometer is very useful in determination of the
slip surface. The location of the sliding surface as in-
ferred from the results of light dynamic penetrometer
is shown in Figure 4. The depth and the failure sur-
face are quite well agreed with the locations of the
scar at the crest and the bulge at the toe of the slope.

3 THE REMEDIAL MEASURES

3.1 Feasible remedial measures

There are many methods to stabili ze a failed slope.
Based on the nature of these methods, they can be
grouped into three main categories.

3.1.1 Geometrical method
By changing the geometry of a steep slope to a gen-
tler slope either flatten the slope or backfill at the toe
of slope, the stabilit y of a slope can be increased.
This method is easy and most cost effective. How-
ever, it depends very much on the site condition. As
there are existing building at the site, this method
can not be adopted.

3.1.2 Drainage method
Saturation of subsoil and pore water pressure build-
ing up are major factors causing the instabilit y of
slope. With the proper design of surface and subsur-
face drainage system, the chances of building up
pore water pressure and saturation of subsoil can be
minimized and therefore the stabilit y of slope can be
increased. However, as a long term solution to in-
crease the stabilit y of slope, this method suffers
greatly because the drainage systems must be main-
tained if they are to continue to function. It is always
easy to maintain the surface drains but very diff icult
for the subsoil drains. This method is generally used
in combination with other methods.

3.1.3 Restraining Structures
Restraining structures include gravity types of re-
taining wall , cantilever retaining wall , contiguous
bored piles, caisson, steel sheet piles, ground an-
chors, soil nails…etc. This method is generally more
expensive as compared with the other methods.
However, it is always the most commonly adopted
method in remedial works due to its flexibilit y in a
constraint site. For this project, the remedial work
can only be carried out within the boundary, a re-
strained structure is inevitable in order to stabili ze
and reinstate the failed slope.

After a study of cost comparison and suitabilit y at
site between gravity type retaining walls, bored piles,
steel sheet piles and soil nails, it was found that con-
struction of a retaining wall at the toe of the slope
was the most preferable method.
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3.2 Selection of types of retaining wall

There are many types of retaining wall such as rein-
forced concrete wall , geo-grid wall , crib wall and
reinforced soil wall which are suitable for this site.
In selection of the most suitable types of wall to be
used to stabili ze the slope, cost and time are the
main factors. Aesthetic was also a factor in final se-
lection. Reinforced soil wall was selected.

3.3 Drainage system

Since water is always a key factor which will affect
the stabilit y of the slope, subsoil drainage system
had been allowed. To prevent building up of pore
water pressure, a horizontal drainage pipe was in-
stalled behind the reinforced soil wall to collect the
ground water and discharge to the existing drain.
Surface drain will be constructed after the reinstate-
ment of the slope to collect surface runoff and
minimize the infilt ration of water.

4 DESIGN OF REINFORCED SOIL WALL

The detailed design of reinforced soil wall was con-
formed to the Code of practice for strengthen-
ing/reinforced soils and other fill (BS8006:1995). As
the depth of slip surface can be assessed from the re-
sults of light dynamic cone penetrometer, the
founding level of the reinforced soil wall were de-
signed at a depth deeper than the estimated slip sur-
face. It was found that the stiff silty clay layer was
generally below the estimated slip surface and there-
fore the reinforced soil wall was designed to be
founded on this layer.

4.1 Temporary retaining system

In order to construct the reinforced soil wall , tempo-
rary excavation at the toe of the slope was required.
However, the temporary excavation at the toe of
slope will cause the loss of toe resistance which may
re-activate the failure. Detailed study had been per-
formed and it was decided to use a row of sheet pile
as temporary retaining structure during the excava-
tion and construction of reinforced soil wall .

In addition, sectional excavation was adopted.
The smaller section of excavation, the 3 dimensional
effect will be more prominent which will i ncrease
the stabilit y of slope. However, if each section of ex-
cavation is too small , the construction progress could
be affected. It was decided that each section of tem-
porary excavation should be limited to 15m.

Figures 5 to 7 show the temporary sheet pile and
sectional excavation carried out on site. Excavation
can proceed to the next section only after the con-
struction of the reinforced soil wall up to the existing
ground surface.

Figure 5. Temporary sheet pile retaining system

Figure 6. Construction of reinforced soil wall i n progress

Figure 7. Wall had been constructed to ground surface and pro-
ceed to next section excavation

4.2 Localized soft zones

The reinforced soil wall was designed to be founded
on the stiff silty clay stratum at a level inferred from
the results of soil i nvestigation. When the excavation
carried out on site reached to the designed level, soft
clay instead of stiff silty clay was found at localized
areas. To prevent localized bearing problem and ex-
cessive differential settlement of reinforced soil wall ,
it was decided to remove the soft clay and replaced
by compacted sandy soil . The removal of soft clay
was carried out to a depth where stiff silty clay stra-
tum was encountered. In general the stiff silty clay



can be found within 1 to 1.5m below the designed
level.

5 CONCLUSIONS

Slope failures after heavy rain are very common in
tropical country. Many methods can be used to sta-
bili ze the failed slope. Reinforced soil wall had been
selected in this case mainly due to its cost effective,
ease of construction and suitabilit y to the site.

Figure 8 which was taken 2 years after the com-
pletion of the remedial work shows that the perform-
ance of the reinforced soil wall i s in satisfactory
condition.

Figure 8. View of the reinforced soil wall 2 years after comple-
tion of remedial work
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