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ABSTRACT: Landslides after heavy rain are aommon in tropicd courtry. There ae many methods to stabi-
lize these failed slopes. One of the methods is to use reinforce soil wall. This paper presents a cae history
using reinforced soil wall to stabili ze the failed slope. The results of subsoil investigation carried ou after
slope failure is presented. Few feasible methods were compared and it was foundthat reinforced soil wall op-
tion was the most econamicd and pradicd methodfor this particular site. Problems encountered duing con-

struction are discussed as well i n this paper.

1 INTRODUCTION

After few heary downpous, alandslide occurred in
a hillside housing area Two burgalows were d-
feded. The foundition d one of the bungalows
(burgalow A) was expaosed and the stability of the
bungalow was in douli. Figure 1 shows the plan
view of the landslide. Figures 2 and 3 show the -
posed foundation after slope fail ure.
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Figure 1. Plan view of the landslide

2 SUBSURFACE INVESTIGATION

2.1 Stelnvestigation Program

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

Figure 3. Close up of the exposed foundation

and implemented to oltain subsoil information for
the remedial design. The light dynamic oone
penetrometer, or locdly known as Madkintosh Probe
(MP) is a dheg and fast penetration testing method
andisavery popuar soundng tod in Malaysia. The



detail s of light dynamic cone penetrometer can bere-
ferred to Ooi and Ting (1975. Standard light dy-
namic cone penetrometer consists of a caed harden
sted pointer of 2.5cm diameter with a cne having
apex angle of 30 degrees that is fixed orto a pene-
tration rod. The penetration rod is 1.25cm diameter
and 1.2n long. If more than ore rod is required, the
rods can be cmnreded by cougings. The driving is
exeauted using a 5 kg smal hammer free fall
through a fixed height of 30cm aong a guide rod.
The total number of blow courts for the paointer to
penetrate 30cm into the subsoil is recorded. Because
of its light weight and continuows oundng charac-
teristic, it is very useful for the investigation o
failed slope and in determination d the dlip surface
Borehales are usually required to oltain more detail
subsoil properties and to correlate with the results of
MP for the assesanent of exad locaion d the dlip
surface

2.2 Results of soil investigation

The subsoil at the failed slope can be simplified into
four main strata. The top layer compaosed of silty
clay. The thickness varied from abou 3.5m to 8m.
The liquid limit and dadticity index were in the
range of 35% to 45% and 1% to 25% respedively.
Seoond layer mainly composed o stiff clayey silt.
The thickness was generaly less than 2m. Liquid
limit and dasticity index are eébou 30% to 44% and
11% to 18% respedively. Third layer was generaly
soft to medium stiff silty clay and consisted of sand
and gravel. The thicknessvaried from 3m to 6m. The
liquid limit and gdasticity index were in the range of
30% to 45% and 10/ to 20% respedively. 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 nea to the groundsurface

2.3 Location d dip surface

As mentioned in Sedion 2.1,thelight dynamic cone
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Figure 4. Results of light dynamic cone penetrometer

penetrometer is very useful in determination d the
slip surface The locdion d the sliding surface &in-
ferred from the results of light dynamic penetrometer
is shown in Figure 4. The depth and the fail ure sur-
face ae quite well agreed with the locaions of the
sca at the aest and the bulge & the toe of the slope.

3 THE REMEDIAL MEASURES

3.1 Feasibleremedial measures

There ae many methods to stabilize afailed slope.
Based on the nature of these methods, they can be
grouped into threemain caegories.

3.1.1 Geometrical method

By changing the geometry of a steg slope to a gen-
tler lope ather flatten the slope or bad«fill at the toe
of slope, the stability of a slope can be increased.
This method is eassy and most cost effedive. How-
ever, it depends very much onthe site condtion. As
there ae eisting building at the site, this method
can na be alopted.

3.1.2 Drainage method

Saturation d subsoil and pae water pressure build-
ing up are mgjor fadors causing the instability of
slope. With the proper design of surface ad subsur-
face drainage system, the dances of building up
pore water presaure and saturation o subsoil can be
minimized and therefore the stability of slope can be
increased. However, as a long term solution to in-
cresse the stability of slope, this method suffers
gredly because the drainage systems must be main-
tained if they are to continue to function. It is always
easy to maintain the surfacedrains but very difficult
for the subsoil drains. This methodis generaly used
in combination with ather methocks.

3.1.3 Restraining Sructures

Restraining structures include gravity types of re-
taining wall, cantilever retaining wall, contiguous
bored ples, cason, sted shed piles, ground an-
chors, soil nails...etc. This methodis generally more
expensive & compared with the other methods.
However, it is aways the most commonly adopted
method in remedial works due to its flexibility in a
constraint site. For this projed, the remedial work
can orly be caried ou within the boundxry, a re-
strained structure is inevitable in order to stabili ze
and reinstate the fail ed slope.

After astudy of cost comparison and suitability at
site between gravity type retaining wall s, bared pil es,
sted shed piles and soil nails, it was foundthat con-
struction d a retaining wall at the toe of the slope
was the most preferable method.



3.2 Sdedion d types of retaining wall

There ae 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 ste.
In seledion d the most suitable types of wall to be
used to stabilize the dlope, cost and time ae the
main fadors. Aesthetic was also a fador in fina se-
ledion. Reinforced soil wall was sleded.

3.3 Drainage system

Since water is always a key fador which will affea
the stability of the slope, subsoil drainage system
had been alowed. To prevent building up d pore
water presaure, a horizontal drainage pipe was in-
stalled behind the reinforced soil wall to colled the
ground water and dscharge to the eisting drain.
Surfacedrain will be @nstructed after the reinstate-
ment of the slope to collea surface rundf and
minimize the infiltration o water.

4 DESIGN OF REINFORCED SOIL WALL

The detailed design o reinforced soil wall was con-
formed to the Code of pradice for strengthen-
ing/reinforced soil s and aher fill (BS80061995. As
the depth of dlip surface ca be as®ss=d from the re-
sults of light dynamic @one penetrometer, the
foundng level of the reinforced soil wall were de-
signed at a depth deeper than the estimated dlip sur-
face It was foundthat the stiff silty clay layer was
generally below the estimated dlip surface ad there-
fore the reinforced soil wall was designed to be
founded onthislayer.

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 lossof toe resistance which may
re-adivate the failure. Detailed study had been per-
formed and it was dedded to use arow of shed pile
as temporary retaining structure during the excava
tion and construction d reinforced soil wall.

In addition, sedional excavation was adopted.
The smaller sedion d excavation, the 3 dmensional
effed will be more prominent which will i ncresse
the stability of slope. However, if eat sedion o ex-
cavationistoo small, the anstruction progresscould
be dfeded. It was dedded that ead sedion d tem-
porary excavation shoud be limited to 15m.

Figures 5 to 7 show the temporary shed pile and
sedional excavation caried ou on site. Excavation
can procedal to the next sedion ony after the aon-
struction d the reinforced soil wall upto the eisting
groundsurface

Figure 5. Temporary shed pil e retaining system

Figure 6. Construction of reinforced soil wall in progress

Figure 7. Wall had been constructed to ground surface ad pro-
cedl to next sedion excavation

4.2 Localized soft zones

The reinforced soil wall was designed to be founced
on the stiff silty clay stratum at alevel inferred from
the results of soil i nvestigation. When the excavation
caried ou on site readied to the designed level, soft
clay instead of stiff silty clay was foundat locdized
areas. To prevent locdized beaing problem and ex-
cesgve differential settlement of reinforced soil wall,
it was dedded to remove the soft clay and replaced
by compaded sandy soil. The removal of soft clay
was caried ou to a depth where stiff silty clay stra-
tum was encourtered. In general the stiff silty clay



can be foundwithin 1to 1.5m below the designed
level.

5 CONCLUSIONS

Slope failures after heavy rain are very common in
tropicd courtry. Many methods can be used to sta-
bili ze the failed slope. Reinforced soil wall had been
seleded in this case mainly due to its cost effedive,
ease of construction and suitability to the site.

Figure 8 which was taken 2 yeas after the mom-
pletion d the remedial work shows that the perform-
ance of the reinforced soil wall is in satisfadory
condtion.

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