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ABSTRACT

Tropical residual soils are widespread in Malaysia due to its location in a hot and humid tropical region. More than 75%
of the land area in Peninsular Malaysia is occupied by residual soil that formed by the weathering process ofgranitic,
sedimentary and metasedimentary (metamorphic) rocks. Since the feature of tropical residual soil is prominent in
engineering construction work such as highway cut-slopes, dam site excavations and is also widely used as construction
fill materials for highway embankments, earth dam, andfill-platforms for housing development, the properties and the
behavior ofthe residual soils needs to be investigated The main difficulty ofthe residual soils is associated with rainfall
distribution and the effect of the infiltration of the surface run offon the earth. This is due to the slope failure cases on
residual soil in the tropics are triggered by the infiltration of the surface run off that occurs during heavy rainstorm
that caused damages and deaths. In this study, the shear strength characteristics of residual soil were assessed using
consolidated drained (CD) triaxial tests for saturated soil specimens. Curve Surface Shear Strength Envelope Model
(CSSEM) was used to interpret the test results. The test results shows that the failure envelope forms a non-linear shape
at low stress levels that shows the soils exhibits drop in shear strength as effective stress approaches zero in saturated
specimens. This is mean that shear strength vanished drastically as the soil gets closer to the ground surface and when it
is wetted by the infiltrated water. Furthermore the application ofCurve Surface Shear Strength Envelope Model (CSSEM)
is useful to avoid the problem ofoverestimating and under estimating ofshear strength behavior.
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Introduction

Malaysia in a tropical climate region that experiences heat and humidity all year round are experiencing the high rate of
weathering process. It is one of the countries in the world where the residual soil covered more than 75% of the country's
land area. According to McCarthy (1993), residual soils are those formed from rock or the accumulation of organic
material and remain at the place where they are formed. Generally, in Malaysia, the type of residual granite soil is reddish
in colour, which is from a laterite type of soil (Fookes, 1986). Since there have been many uses of tropical residual
soils in engineering construction, the properties and the behaviour of these residual soils needs to be investigated. The
shear-strength characteristics of residual soils are the most important elements that need analyses in many cases. Many
geotechnical problems such as bearing capacity, lateral earth pressure and slope stability are related to the shear-strength
of a soil. The landslide occurrences of granitic residual soil slopes are uncontrolled in Malaysia and the tropical region.
Most of the slope failures are caused by the infiltration of rainwater into a slope. Studies by Brand et al. (1984), F.C. Dai &
C.F. Lee (2000) and Rahardjo et al. (2001) all confirmed that antecedent rainfall induced slope failure when the rainwater
infiltrated into a slope and caused an adverse effect on its stability. Infiltration of surface run-off into a slope affects the
distribution of moisture in the soil and subsequently decreases its strength when the soil is wetted (Rahardjo & Fredlund,
1991; Rahardjo et aI., 2007). Wetted soils have relatively lower shear-strength in comparison to fairly dry soil (Fredlund
et aI., 1978; Escario and Saez, 1986; Rahardjo et aI., 1995; Rahardjo et aI., 2004; Melinda et a!., 2004).

Since the failure is close to the slope surface, the effective stress along the slip plane must be on the low stress
levels « 100 kPa). The shear-strength behaviour on the lower effective stress range is recognized as non-linear with
respect to net stress and suction (Md. Noor & Anderson, 2006). This non-linear and steep drop in shear-strength as suction
approaches zero is suspected to be the primary governing factor for the shallow type of slope failure. However, this type
of attribute is not incorporated in analysis when the shear strength model of Terzaghi (1936) and Fredlund et al. (1978)
are applied since these models considered linear shear strength behaviour relative to effective stress. Therefore, the true
shear-strength behaviour of the tropical residual soil in saturated conditions needs to be investigated to understand the
characteristics of the soils.
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Figure 5: Soil sample was placed in
the membrane and mould by stamping
each spoonful of soil.

Consolidated drained triaxial tests

Figure 6: The vacuum was released
and the specimen mould was
removed.
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Figure 7: The cell cylinder was installed
and clamped together by tightening the
tie bars.

Soil specimens were loaded to failure under three (3) different effective stresses which were; 50kPa, 100kPa and 200kPa.
The test was carried out in the triaxial apparatus on specimens in the form of cylinders whose height was approximately
equal to twice their diameter. The diameter used for testing was 38mm with a 76mm height.

The cell was filled with fluid, usually distilled water. The fluid is allowed to flow into the bottom of the cell and
then up through the valve located in the top plate. The goal was to fill the cell with fluid without trapping any air within
the cell. After setting the apparatus, it was continued with saturation stage, where the objective of the saturation process
is to fill all the voids within the soil specimen with water, without producing undesirable pre-stressing of the specimen or
allowing the soil to swell.

After the equalisation stage where soil is fully saturated, each specimen was consolidated isotropically where the
fluid in the triaxial cell applied the same pressure in all directions to the soil specimen. This stage continued until the soil
specimen had equilibrated under the initial effective confining pressure.

After the consolidation stage, the soil specimen underwent the shearing process; in this stage load was applied
to the loading piston so that it just slowly moved down and barely came into contact with the specimen cap. The pore
pressure was constant throughout the soil specimen during the drained shearing. The triaxial test was sheared at a strain
rate of0.03 mm/min. Since the usual procedure was to shear the soil specimen to an axial strain ofat least 20 per cent, the
shearing portion of the triaxial test took about 13 hours.

Figure 8: During the saturation and consolidation stage
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Figure 9: Shearing stage
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Conclusions

The experimental test on the saturated specimens provided information on the shear strength behavior of saturated
compacted granitic residual soil. The following conclusions can be drawn from this study;

The shape of the failure envelope of Rawang, granitic residual soil grade 6 can be defined as a curvilinear type
according to the curved-surface envelope soil shear-strength model (CSESSM) of Md. Noor and Anderson (2006).

The shear-strength reduced drastically as the soil gets closer to the ground surface and when it was wetted by
infiltrated water that do exhibit steep drop in shear strength as effective stress approaches zero. These are suspected to be
the important attributes that govern the shallow type of slope failures.

The application of the linear type of envelope would over estimate shear-strength on the high stress levels, and
this would create complexity in understanding their behavior.
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