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Abstract  

Malaysia, located in the tropical region, is blessed with an abundance 
of rainfall, particularly during the monsoon season. Previous studies 
have shown that major landslide occurrences in Malaysia are 

primarily caused by frequent and prolonged rainfall. This study is 
conducted to investigate the effect of different rainfall intensities on 
the silty sandy slope through a small-scale slope model. The soil 

samples were collected from Bukit Tabur, Kuala Lumpur, Malaysia, 
to construct a 60° slope model. A continuous rainfall intensity of 50, 
100, and 150 mm/hour was considered in the study to determine the 

type and duration of failure. Two cameras were positioned at the front 
and side of the slope model to capture the elapsed time since the 
onset of rainfall. The gullies failures were observed in all 

experiments. It is due to the soil on the slope surface reaching nearly 
full saturation, causing runoff water to move down the slope and drain 
downstream, resulting in surface erosion. Such a failure mechanism 

agreed well with the failures (formed gullies) recorded on the 
downstream slope of the Bukit Tabor after high-intensity rainfalls. 
The time of failure for different rainfall intensities was compared to 

the highest rainfall intensity. The duration of slope failure for 50 
mm/hr and 100 mm/hr is approximately 30% and 5% slower than that 
of rainfall intensity at 150 mm/hr. The results suggest that the slope 

is more prone to failure with higher rainfall intensities.  
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INTRODUCTION  

During the last few decades, Malaysia has 
consistently experienced devastating landslide 
incidents. Most of the landslides occurred in 

developed hillside areas due to the disturbance to 
the intrinsic and extrinsic characteristics of natural 
slopes [1][2]. Among the disturbances are 

excavation and cutting, removal of vegetation, 
changes in natural drainage patterns, and added 
weight and load, to name a few [3][4]. 

In tropical regions like Malaysia, where the 
soil deposits are mainly residual soils, massive 
landslides are attributed to frequent and prolonged 

rainfalls, in many cases associated with monsoon 
rainfalls. With high annual rainfall intensity around 
2000 to 2500 mm, rainfall-induced landslides are 

among the most frequent natural disasters [5]. The 

dual combinations of hillside development and 
rainfall contribute significantly to landslides. Table 
1 shows rainfall-induced landslide incidents in 

Malaysia from 1990 to 2021, of which most cases 
occurred in developed areas.  

The impact of rainfall on slope stability is 

determined by the duration and intensity of the 
rain. Rainfall seepage through unsaturated 
residual soil was found to considerably affect the 

pore water state of a slope [6]. Soil strength 
continues to deteriorate when precipitation 
infiltrates through the slope surface into the soil’s 

pores, resulting in slope instability. The slope may 
become less stable when the pore water pressure 
rises [7].  
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Table 1. Historical rainfall-induced landslide in 

developed areas from 1993 to 2021 
No. Location Date Ref 

1 Highland Tower 1993 [13] 

2 Keramat Permai 1995 [5] 

3 Kampar Perak 1996 [13] 

4 Bukit Antarabangsa 1999 [5] 

5 Taman Hillview 2002 [13] 

6 Bukit Lanjan 2003 [4] 

7 Gua Tempurong  2004 [4] 

8 Taman Zooview 2006 [5] 

9 Bukit Antarabangsa 2008 [14] 

10 Wangsa Height 2009 [5] 

11 Ukay Club Villa 2010 [5] 

12 Setiawangsa 2012 [15] 

13 Bukit Aman 2013 [15] 

14 Karak Highway 2016 [13] 

15 Tanjung Bungah 2017 [13] 

16 Genting Highland 2019 [13] 

17 Kemensah Height 2021 [16] 

 

Soil with higher permeability will allow rainfall 
seepage to penetrate the wetting zone deeper and 
more quickly, resulting in a greater loss of matrix 

suction between soil particles, thus increasing 
wetting zone penetration [8]. 

Many studies have been conducted to 

investigate rainfall intensity and slope failure 
through a small-scale experimental test. Kanule 
et. al. [9] studied cohesion, internal friction angle, 

and pore-water pressure modulated by rainfall 
affecting slope stability. The constructed slope 
dimensions are 80 cm in height with angles of 30°, 

40°, and 60° using silty sand soil. The slopes were 
subjected to rainfall intensity of 45 mm/hr. Susinov 
et. al. [10] studied infiltration rate and failure 

mechanism of sandy soil slope with rainfall 
intensity of 28 mm/hr. A box model with a size of 
4 m in height, 3 m long, and 2.5 m in width was 

used. Do et. al. [11] studied the critical slope angle 
(i.e., 55°, 59°, 63°, and 67°) to determine the 
threshold value of sudden slope failure with varied 

rainfall intensity. In more recent research by [12], 
critical slope inclination with a value greater than 
1.2 of friction angle was proposed to prevent 

collapse during rainfall. The experimental box has 
a length, width, and height of 2.2, 0.8, and 1.0 m, 
respectively, to form three different slope angles 

(30°, 45°, and 60°). The slopes are subjected to 
rainfall intensity of 20 mm/hr to 50 mm/hr.  

Although many studies have been 

conducted to investigate the mechanism of 
rainfall-induced slope failure, limited compelling 
experimental studies have been conducted on the 

relationship between rainfall intensity and duration 
with type of slope failure. In this study, the effect 

of rainfall intensity on the residual soil slope of 
Bukit Tabur, Malaysia, is conducted to determine 
the mode of failure, critical slip surface formation, 

slope deformation, and duration of slope failure 

due to tropical rainfall intensity of 50, 100 and 150 
mm/hr. 

 

STUDY AREA 
Bukit Tabor is in Hulu Kelang, Selangor, 

approximately 15 km away from Kuala Lumpur city 

centre, as shown in Figure 1. It has a unique 
geological formation known as Klang Gates 
Quartz Ridges that is made of quartz dyke and 

runs 14 km long within Kuala Lumpur - Selangor. 
The geological composition of Bukit Tabor 
consists primarily of granitic rock. Since the site is 

close to the foothills of Titiwangsa Mountain 
Range, it provides impressive views of Kuala 
Lumpur, making it an exclusive development area 

for residential housing, resorts, and commercial 
use. This has posed challenges for developers, 
leading some to encroach onto highlands in hilly 

areas. Consequently, many landslide incidents 
have been reported within the study area for the 
last two decades. There were concerns about the 

condition since Bukit Tabor experiences 
significant annual rainfall, averaging 2,400 mm per 
year, which could impose a risk of landslides. 

 

METHOD 
Soil sample collection and Laboratory Testing 

Residual soils were collected from a natural 
slope of Bukit Tabor in Malaysia. Disturbed and 
undisturbed soil samples were stored in sealed 

plastic bags to preserve natural moisture content. 
The undisturbed soil samples were taken at an 
approximate depth of 0.7 m. In contrast, the 

disturbed samples were brought back to the 
laboratory and air-dried for a few weeks (Figure 2). 
Sieving analyses were performed on the sample 

to determine particle size distribution. As the soil 
contains fine soil particles of less than 0.063 mm, 
hydrometer analysis is used. Among other 

laboratory tests that were conducted were particle 
density, shear strength, and compaction tests. 
Table 2 lists the types of testing undertaken and 

the standards used in this study. 
 

Experimental Work 
The dimensions of the acrylic box are 

shown in Figure 3. Additional steel bracings were 
added to the side of the acrylic box to avoid 

bulging and cracks. It was elevated 16 cm from the 
floor to form an inclined angle of 6° to avoid water 
puddling. A modified 15 mm diameter PVC pipe 

attached with eight water sprinklers was installed 
above the box to provide artificial rainfall. A 
drainage is constructed at the front to channel 

excess water properly. 
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Figure 1. Location of study area 
 

 

Figure 2. Samples were air-dried 
 

Table 2. Laboratory Testing Standard 
Test Description Standard/specification 

Sieve 

Analysis  

Disturbed  BS1377:1990, Part 2, 

Clause 9.5 

Hydrometer Disturbed BS1377:1990, Part 2,  

Clause 9.5 

Atterberg 

Limit 

Disturbed BS1377: 1990, Part 2, 

Clause 4 

Soil Density  Disturbed BS 1377: 1990, Part 4,  

Clause 8.3 

Drained 

Shear Box  

Undisturbed BS1377: 1990, Part 2, 

Clause 8.3 

Soil 

compaction  

Disturbed BS 1377-4: 1990, Part 4. 

 
The model slope face angle was created at 

60°, representing the average slope angle of Bukit 

Tabor. The soil is compacted for each 5.0 cm layer 
thickness using a hand temper to achieve 60% 
relative density. Concrete bricks were located on 

the downstream face to support the soil mass. A 

transparent plastic sheet was attached to the outer 
faces of the box to observe the slip surface.  

A continuous rainfall duration is adopted in 

this study at a rate of 50, 100, and 150 mm/hr 
using a rainfall simulator. Two digital cameras 
were used to capture the initiation and movement 

of the failure (at the front and side of the box). The 
experimental test is presented in Table 3. 

 

RESULTS AND DISCUSSION 
Laboratory Test Results 

Results the particle size distribution of Bukit 

Tabor’s soil was determined using a combination 
of sieving and hydrometer. The result is shown in 
Figure 4. The soil comprises 55% sand, 27% silt, 

16% clay, and 2% gravel; it is, therefore, classified 
as silty SAND. The Atterberg limit of soil, i.e., 
Liquid Limit, Plastic Limit, and Plastic Index, are 

43%, 27%, and 16%, respectively, thus classifying 
the soil as having low plasticity. The specific 
gravity of solid soil particles is 2.62 Mg/m³, 

determined by the pycnometer method.  
Figure 5 shows the result of the proctor 

test, where the maximum dry density of the soil is 

1,906 kg/m3 at an optimum moisture content of 
10.3%.  
 

Table 3. Experimental Test 

Test 

No. 

Slope 

Angle 

(Degree) 

Average Rainfall 

Intensities 

(mm/hr) 

Rainfall 

Duration 

1 60 50 Continuous 

2 60 100 Continuous 

3 60 150 Continuous 
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Figure 3. The size of the acrylic box and the location of the water sprinklers 
 

 
 

Figure 4. Particle-size distribution of Bukit Tabor 

soil 
 

 

Figure 5. Soil compaction test result 

 
The relative density, R, is 60%, determined from 
(1), where R, 𝛾box, and 𝛾lab is the relative density, 

the density of soil in the acrylic box, and the 
maximum density of soil when compacted using 

the proctor test.  
 
 

 

The drained shear box test was conducted 
at three different normal stresses, 50, 100, and 
200 kPa for samples A, B, and C, to determine the 

Mohr-Coulomb strength parameter. The strain 
rate applied is 0.25 mm/min. The effective 
cohesion, c’, and angle of internal friction, φ’, were 

19 kN/m2 and 30°, determined from Figure 6. 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐶𝑜𝑚𝑝𝑎𝑐𝑡𝑖𝑜𝑛, 𝑅 (%) =
𝛾𝑏𝑜𝑥

𝛾𝑙𝑎𝑏

 
(1) 

 
Experimental Test Results 

An analysis was carried out to investigate 
the effect of different rainfall intensities on the type 
and duration of failure of the Bukit Tabor soil slope. 

The time t = 0 second represents the initiation of 
rainfall. The signs of failure in all experiments were 
observed at 30-, 60-, and 90-minute intervals.  

After the onset of rainfall, it was observed 
that seepage water gradually infiltrated into the 
slope for all experiments 1, 2, and 3. Figure 7 

shows the final seepage condition from the side 
view of the slope before failure takes place. The 
difference was only the depth of the seepage. For 

experiment 1, the depth of seepage is more 
compelling due to the time exposure to rainfall is 
the highest. It took 107 minutes to cause the slope 

to fail. For experiments 2 and 3, the depth of 
seepage showed no significant difference as the 
exposure time before failure was 85 and 81 

minutes, respectively. This implies that the 
seepage under low intensity and long duration is 
greater than that of high intensity and low duration 

[17][18].  
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(a)       (b) 
 

 

(c) 
Figure 6. Drained shear strength test (a) Stress-displacement graph (b) shear strength of soil  

(c) failed sample 
 

 

Figure 7. Seepage conditions from the side view 
 
 

The first sign of failure in all experiments 
was observed at t = 30. It appeared at the middle 
and toe of the slope (Figure 8). The difference 

between them was only the size of the failure, 
which was very small in experiment 1 (the lowest 
intensity was 50 mm/hr). Experiments 2 and 3 

show more compelling failure. When t = 60, the 
slope with high rainfall intensities reached nearly 
full saturation, and failure occurred more 

prominently at the middle and toe. The runoff 
water begins to move down the slope surface and 
drain through the downstream holes. This causes 

concentrated surface flows, which erode the slope 
surface [19][20]. Such a failure mechanism agreed 

well with the failures (formed gullies) recorded on 
the downstream slope of the Bukit Tabor after 
high-intensity rainfalls.  

As the rainfall continued, the soil started to 
recumbent due to excessive erosion at the toe of 
the slope, which took approximately 107, 85, and 

81 minutes for experiments 1, 2, and 3. With 
increasing rainfall intensity, the time of failure 
decreases [21, 22, 23]. In comparison to that 100 

mm/hr rainfall intensity, the duration of slope 
failure for 150 mm/hr intensity occurs 4% faster. 
Meanwhile, for 100 mm/hr intensity, the slope 

failure duration is 20% faster than that of 50 
mm/hr. 
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Figure 8. Experimental progress from the front view 

 
The results are congruent with the study 
conducted by [24, 25, 26, 27], which showed that 

the slope is prone to failure with higher rainfall 
intensity.   
 

CONCLUSION 
This paper investigated the effect of 

different continuous rainfall intensities of 50, 100, 

and 150 mm/hour on a 60° slope model using 
Bukit Tabor soil. It was observed that gullies’ 
failure occurred in all experimental tests. The 

failure is due to soil on the slope surface reaching 
nearly full saturation, causing runoff water to move 
down on the slope surface and, consequently, 

causing surface erosion. Such a failure 
mechanism agreed well with the failures (formed 
gullies) recorded on the downstream slope of the 

Bukit Tabor after high-intensity rainfalls. The time 
of failure for different rainfall intensities was 
compared to the highest rainfall intensity. The 

duration of slope failure for 50 mm/hr and 100 
mm/hr are approximately 30% and 5% slower than 

that of rainfall intensity of 150 mm/hr. The results 
imply that the slope is prone to failure with higher 
rainfall intensity.   
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