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1. INTRODUCTION 

The formation of rocks is constantly subjected to 
weathering and erosion processes, which results in the 
formation of residual soils. The main difficulties of the residual 
soils are associated with the rainfall distribution and the effect 
of infiltration of the surface runoff on the earth. The slope 
failure cases on residual soil in the tropics are triggered by the 
infiltration of the surface runoff that occurs during heavy 
rainstorms. Rainfall is very important elements in slope failure 
[32] quoted that "rainfall-induced slope failure occur in 
response to climatic changes in many parts of the worlds. The 
infiltration changes the distribution of the matrix suction and in 
turn affects the apparent shear strength of the soil [14]. 

Shear strength envelope at failure was known to be plane 
envelope as introduced by Fredland, 1978. However there are 
many published data that shows that envelop is curved surface. 
Shear strength variation with suction is known with maximum 
value of csmax at residual suction. It shows that the shear 
strength respects to suction of granitic residual soil is also non-

linear. Thence, this study was primarily concerned with the 
study the variation shear strength with relate to suction of 
saturated and unsaturated specimen of granitic residual soil. 

 

1.1 Granitic Residual Soil 
Residual soil is a material formed in situ by weathering of 

rocks and remained at the place where it was formed. The 
amount and extent of weathering and the balance between 
physical, chemical and biological processes depends primarily 
on the climate and the material of the parent rock as well as 
local influenced such as drainage, topography and vegetation. 
However, granitic residual soils are generally sandy (high sand 
content) have a lower water content and lower liquid limit 
compared to basaltic or gabbroic soils. The mineralogy of 
granitic is quartz (30%), feldspar (60-65%) and biotite and 
hornblende [43]. Generally, in Malaysia, the type of residual 
granite soil is reddish in colour, which is from a laterite type of 
soil [12]. 

Rainfall is very important elements in slope failure. Rainfall infiltrating into the slope is the 
main factor that triggers slope failure. The infiltration of the surface water affects both 
resisting and disturbing components of the slope which in turn decrease the slope stability 
factor. Shear strength parameters are very important for design slope and foundation. In this 
study, Consolidated Drained (CD) triaxial test were conducted on granitic residual soil 
specimens, both under saturated and unsaturated conditions with different moisture content 
at 16%, 17% and 18%. While, the Soil Water Characteristic Curve (SWCC) were developed 
using the pressure plate extractor apparatus and gives a result of residual suction, 148 kPa 
which equivalent to maximum apparent cohesion, 17 kPa. Therefore the shear strength 
variation with respect to suction was found to be non-linear for the entire test in accordance 
to the curved surface envelope soil shear strength model (CSESSM). 
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2. SOIL PROPERTIES 
The soil samples taken from Putrajaya area were granitic 

residual soil Grade VI. Table 1 shows the basic properties of the 
soil sample. The residual soils obtained from site were reddish-
brownish in colour which according to its particle size 
distribution the soil can be classified as very clayey gravelly 
SAND as shown in Figure 1. 

 

Fig. 1. Location of Sample Area 

 

Table 1. Basic Physical Properties of Soil Sample 

 
3. SOIL WATER CHARACTERISTIC CURVE (SWCC) 

The SWCC for a soil is defined as the relationship between 
water content and suction for the soil [42]. This is an important 
relationship for the unsaturated soil mechanics. The water 
content can be gravimetric, volumetric or a degree of saturation. 
Also, the SWCC essentially shows the ability of an unsaturated 
soil to retain water under various matric suctions. It has a 
similar role as the consolidation curve, of a saturated soil, that 
relates void ratio or water content to effective stress. In 
addition, the SWCC of a soil dictates the manner by which the 
permeability, shear strength and a volume change of the soil 
will behave at different matric suctions upon drying and wetting 
[14].  

In geotechnical engineering, Fredlund and Xing (1994) 
suggested the following SWCC equation: 

																																							𝜃!
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where 

𝜃𝑤 = volumetric water 

𝜃𝑠 = saturated volumetric water content 

𝜑 = matric suction 

𝑎,𝑚 are constant. 

 

To obtain the SWCC's data, a common method that has 
been used was taken from the pressure plate extractor test [1] as 
shown in Figure 2. The SWCC of the soil samples were shown 
in Figure 3. The curve indicates that the residual suction of the 
test material is about 148 kPa according to the definition by 
[14]. Based on the graph SWCC, several steps had follow in 
process to determine residual suction. Furthermore, the graph 
SWCC was to identify maximum apparent cohesion. In the first 
step, tangent line from point suction 580 kPa to left of graph has 
been draw. Then, same procedure was repeating from 25 kPa 
which is draw a tangent line downward. Lastly, mark one 
intersection point from the tangent line. Thence, the point 
representing the moisture content at 17%  and  the residual 
suction at 148 kPa as is acceptable and justify. 

Fig. 2. Pressure Plate Extractor Apparatus Illustrating the 
Flow of Excess Water During the Equalization Process with 

the Specimen Initially Flooded with De-Aired Water 

 

 
Fig. 3. Soil Water Characteristic Curve of Putrajaya Granitic 

Residual Soil 

 

 

 

 

 

Property Name Putrajaya Granitic Residual 
Soil 

Particle Size Distribution 
(i) Gravel (%) 

 
19 

(ii) Sand (%) 42.17 
(iii) Silt (%) 15.18 
(iv) Clay (%) 23.65 

Moisture content (%) 24 
Specific gravity,  (Mg/m3) 2.56 
Liquid limit (%) 41 
Plastic limit (%) 27.45 
Plasticity index (%) 

 
11 



                                                  N.H. Abdullah et al./ Malaysian Journal of Science and Advanced Technology.                                                    77 
    

4. CURVED-SURFACE ENVELOPE SOIL SHEAR 
STRENGTH MODEL (CSESSM) 
This model was developed to overcome limitation of the 

previous two models. The steep drop in shear strength near 
saturation is responsible for the steep drop in the stability factor 
when surface water infiltrates into the slope [26]. Whereas the 
actual behaviour of shear strength and suction is curved (not 
linear) and steep drop in both dimensions, when approaching 
minimum strength and suction equally becomes zero [26]. 
Perhaps, when applied in slope stability analysis, it is expected 
to make a better prediction on the risk of rain induced slope 
failures.  Therefore, the shear strength parameter according to 
the non-linear type of envelope has to be determined especially 
for Malaysian Grade IV type of soil. This new slope stability 
equation applies the latest and most accurate soil shear strength 
model in order to produce a good estimate on the resisting 
components. This model encompasses shear strength behaviour 
under both saturated and unsaturated conditions. It will give a 
result of shear strength prediction with respect to the change in 
effective stress and suction [26]. There are seven shear strength 
parameters to choose are shown in Figure 4. 

Fig. 4. Curved-surface Evelope Shear Strength Model (Md. 
Noor and Anderson, 2006) 

 

A series of CD triaxial tests were performed on fully 
saturated and unsaturated samples. The amounts of moisture 
content were 16%, 17% and 18% of the each sample. This test 
was carried out by size of specimen with 50 mm x 100 mm. The 
results obtained from the triaxial tests were used to analyze the 
shear strength behaviours due to the shear strength parameters 
according to the CSESSM of [26]. The shear strength 
parameters according to the model are as follows; 

i. Transition effective stress, (𝜎 − 𝑢!)- 
ii. Transition shear-strength, 𝜏- 

iii. Minimum friction angle at failure, (∅./0%)1 
iv. Apparent cohesion, 𝑐𝑠/23 

𝜏 = (𝜎 − 𝑢2)𝑡𝑎𝑛∅./0%% + 1𝜏- − (𝜎 − 𝑢!)-𝑡𝑎𝑛∅
.
/0%%2 +

(5#65&)
(5#65&)'

11 + (5#65&)'6(5#65&)
(5#65&)'

2 𝑐8/23 (2) 

 

Besides, combination the Mohr circles and the Mohr-
Coulomb envelope on saturated and unsaturated specimens are 
plotted in Figure 5. 

Fig. 5. Curvilinear Shear Strength Envelope of Saturated and 
Unsaturated Specimens of Putrajaya 

 

5. SUCTION WITH RESPECT TO SHEAR STRENGTH 
The effect of wetness on shear strength is characterized 

based on a stress state variable known as suction. The suction 
effect is derived from the surface tension force on the water 
meniscus, which clings between soil particles [18] and 
generally its magnitude increases as moisture decreases. 
However, shear strength does not indefinitely increase with 
suction since it started to decrease beyond residual suction [10]; 
[16]; [40]; [26].  

Referring to Equation 2, the graph shear strength versus 
suction was established shown in Figure 6. Putrajaya granitic 
residual soil has the value of moisture content at 17% is 
maximum apparent cohesion and the shear strength envelope of 
this soil specimen on saturated and unsaturated cohesion is 
curvilinear i.e. in accordance to the curved surface envelope soil 
shear-strength model (CSESSM) of Md. Noor and Anderson 
(2006). 

 
Fig. 6. Shear Strength Respect to Suction of Putrajaya Granitic 

Residual Soil 

Therefore, the application of this curve surface envelope 
shear strength model, which represents realistic soil shear 
strength behaviour especially at low stress levels, was very 
important since in shallow slope failure, most of the time, was 
confined within 2 to 3 metres from the surface [6]. The stress 
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level within this depth range must be less than 80 kPa which is 
essentially low. 

 

6. CONCLUSION 
Based on result and observation obtained, the conclusions 

that can be drawn are: 

i. The graph shear strength versus suction is non-linear 
whereby the saturated condition is zero cohesion and 
maximum apparent cohesion is a peak of non-linear. 

ii. Pressure plate extractor test is suitable to determine 
SWCC of Putrajaya granitic residual soil and gives a 
result of residual suction, 148 kPa which is equivalent 
to csmax, 17 kPa. 

iii. Putrajaya granitic residual soil has the value of 
moisture content at 17% is the maximum apparent 
cohesion and the shear strength envelope of this soil 
specimen on saturated and unsaturated cohesion is 
non-linear. 

iv. Soil suction does play role towards increasing the 
shear strength of saturated and an unsaturated soil. 
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