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ABSTRACT

Recurring events of debris flow especially during heavy rainfall have caused cut-off at one of the main road in Bundu 
Tuhan, Ranau namely Jalan Tamparuli-Ranau KM 83.90. In several incidents, the road was closed to public for hours 
due to deposition of thick sediment on the road, causing interruption to their daily activities. However, study on the 
properties of the debris flow material and their relationship with debris flow characteristics is quite limited. Thus, 
the objective of this study is to comprehend the debris flow trait based on the material property. The study of the 
material property pertains to the grain size distribution, Atterberg limit, and lastly the moisture content. They are 
interpreted based on the results in site investigation report where the soil samples were taken from nine numbers 
of trial pits which were excavated around the runout and deposition zones. This study found that the granular type 
debris flow displays high kinetic energy, shorter transportation distance towards deposition, large velocity, and 
more sediment flow towards deposition. Meanwhile, the low plasticity index of the soil causes a high occurrence of 
liquefaction process. Higher moisture content has also assisted in the mobilization of material.  
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1. INTRODUCTION 

Several incidents of debris flow have occurred at Bundu Tuhan area in the 

district of Ranau. One of the notable occurrences was that at the main road 

of Jalan Tamparuli-Ranau KM 83.90. The debris flows have been recurring 

from the 2012 until 2014 which rendered the road impassable to traffic 

for hours and caused many nuisances to the public. Thick material 

including loose soil, fragmented rock, and de-rooted trees were deposited 

on the road. Nevertheless, study on the material properties and their 

relationship with the debris flow characteristic is lacking. In the previous 

studies, researchers have attempted to identify the relationship between 

the engineering properties of material and debris flow traits. Some of the 

current parametric studies emphasizes on grain size, plasticity index, and 

moisture content. Larger mean grain size and coarser particle will increase 

the kinetic energy of debris flow, while well-sorted material will cause 

longer travel distance and carry less sediment [1]. On the other hand, 

higher fine grain content will assist to mobilize the sediment as it can float 

at ease and maintain high pore pressure during the flow [2]. Meanwhile, 

the Atterberg limit can be simply defined as the comparative easiness in 

which the soil may deform and indicates the consistency degree of the soil 

[3]. In a soil with low plasticity index where the range between the plastic 

limit and liquid limit is small, the sediment may quickly change from semi 

solid to liquid state. This may cause huge decrease in the cohesion and 

angle of internal friction which can lead to slope instability [4]. A group of 

researchers added that the liquefaction rate for soil mainly composed of 

sand and silt are higher compared to that with clay [5]. The liquefaction is 

also greatly influenced by the low plasticity soil. Other studies have 

identified that the increase in soil moisture content may contribute to 

debris flow occurrence by the development of pore pressure in the soil 

[4,6].  

The authors stated that the moisture content can be mainly altered either 

by prolong rainfall or rise in ground water level. Deformation in the soil 

can be observed when the moisture content exceeds the plastic limit [3]. 

2. STUDY AREA 

The study area at Jalan Tamparuli-Ranau KM 38.80 is situated in Bundu 

Tuhan area within the district of Ranau. As part of the major routes 

between the west coast and east coast of the state, the road provides a 

crucial link amongst towns such as Tuaran, Tamparuli, Kundasang, and 

Ranau. Geographically, it is positioned at a latitude of 6000’40” N to 

6001’00” N and longitude of 116030’20” E to 116030’40” E. About 85 m long 

and 20 m wide road section is affected due to debris flow. The study area 

covers the distance of 0.23 km from north to south and 0.30 km from west 

to east. Geologically, the site is underlain by the Crocker Formation of 

Eocene-Oligocene age which comprised of sedimentary rock units of 

interbedded sandstone and shale. 
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Figure 1: Location of study area at Jalan Tamparuli-Ranau KM 83.90, 
Bundu Tuhan, Ranau. 

The worst debris flow incident at Jalan Tamparuli-Ranau KM 83.90 has 

occurred on 6th May 2012 as shown in Photograph 1. The road was 

impassable to traffic for more than five hours due to deposition of about 5 

m thick sediment on road. Most of the incidents happened during evening 

and night time which pose high risk to the road commuters. 

Photo 1: Debris flow at Jalan Tamparuli-Ranau KM 83.90 on 6th May 
2012 

3. METHODOLOGY

The material property was analysed in reference to the result of particle 

size distribution, Atterberg limit, and soil moisture content in the site 

investigation (SI) report. 

The particle size distribution was done based on sampling of material at 

drilled borehole (BH) and excavated Trial Pit (TP) at the study areas as 

interpreted from the SI report. Four numbers of BH were sunk and nine 

numbers of TP were excavated at the study area (Figure 2). BH 2 to BH 4 

and TP 4 to TP 9 were situated within the runout area while the rest were 

around the deposition zone. Four parameters of grain size were analysed 

to identify the relationship between the material property and the flow 

behaviour in terms of velocity, discharge, and travel distance. The four 

parameters are mean grain size, standard deviation, coefficient of 

skewness, and coefficient of kurtosis. 

Prior to the calculation of the parameters, percentage passing was plotted 

against particle size on a semi-log graph. The particle sizes were divided 

into gravel (2 – 63 mm), sand (0.063 – 2 mm), silt (0.002 – 0.063 mm), and 

clay (<0.002 mm). 

Figure 2: Location of soil sample at Jalan Tamparuli-Ranau KM 83.90. 

The mean grain size can be defined as the average diameter of a particle 

within a sample and expressed as in equation 1 [7]. 

𝑀 =
∅16 + ∅50 +  ∅84

3

where 𝑀 is mean grain size (mm); ∅16 is grain size at 16% percentage 

passing (mm); ∅50 is grain size at 50% percentage passing (mm); and ∅84 

is grain size at 84% percentage passing (mm). 

The standard deviation shows the variation degree based on mean grain 

size. Data points that are closer to the mean signifies a low standard 

deviation, whereas a large range of values indicated a high standard 

deviation [1]. It is expressed by equation 2.  

𝜎 =
∅84 − ∅16

4
+ 

∅95 −  ∅5

6.6

where σ is standard deviation; ∅5 is grain size at 5% percentage passing 

(mm); ∅16 is grain size at 16% percentage passing (mm); ∅84 is grain size 

at 84% percentage passing (mm); and ∅95  is grain size at 95% percentage 

passing (mm). 

Based on the standard deviation, the degree of sorting can be checked from 

Table 1. 

Table 1: Gradation standard of the degree of sorting according to the 

standard deviation [7]. 

Standard Deviation Degree of Sorting 

<0.35 Extremely good 

0.35 – 0.5 Good 

0.5 – 0.71 Fair 

0.71 – 1 Medium 

1 – 2 Poor 

2 – 4 Very poor 

>4 Extremely poor 

eq. (1)

eq. (2)
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The coefficient of skewness represents the symmetry degree of coarse and 

fine grains in the curve of distribution with respect to the modal value 

location. A coarse-grain side is skewed to a positive direction while the 

latter is vice versa [7]. The coefficient is given by equation 3.  

𝑆𝐾 =
∅16 + ∅84 − 2∅50

2(∅84 − ∅16)
+ 

∅5 + ∅95 − 2∅50 

2(∅95 − ∅5)

where 𝑆𝐾 is coefficient of skewness; ∅5 is grain size at 5% percentage 

passing (mm); ∅16 is grain size at 16% percentage passing (mm); ∅50 is 

grain size at 50% percentage passing (mm); ∅84 grain size at 84% 

percentage passing (mm); and ∅95 grain size at 95% percentage passing 

(mm). 

The gradation of skewness is given in Table 2. 

Table 2: Skewness gradation [7]. 
Coefficient of Skewness Skewness 

[-1.00, -0.3) Extremely negative 

[-0.3, -0.1) Negative 

[-0.1, +0.1) Symmetrical 

[+0.1, +0.3) Positive 

[+0.3, +1.0) Extremely positive 

The coefficient of kurtosis is a measure of peakedness or flatness in a 

distribution. A wider distribution is represented by smaller kurtosis 

coefficient, whereas as bigger kurtosis coefficient indicates narrower 

particle distribution [7]. The kurtosis coefficient is given by equation 4. 

𝐾𝑔 =
∅95 −  ∅5

2.44(∅75 − ∅25)
 

where 𝐾𝑔 is coefficient of kurtosis; ∅5 is grain size at 5% percentage 

passing (mm); ∅25 is grain size at 25% percentage passing (mm); ∅75 is 

grain size at 75% percentage passing (mm); and ∅95 is grain size at 95% 

percentage passing (mm). 

The kurtosis coefficient indicates form of curve as explained in Table 3. 

Table 3: Kurtosis gradation [7]. 
Coefficient of Kurtosis Form of Curve 

<0.67 Very wide and gentle 

0.67 – 0.90 Wide and gentle 

0.90 – 1.11 Medium 

1.11 – 1.56 Narrow and sharp 

1.56 – 3.00 Very narrow and sharp 

>3.00 Extremely narrow and sharp 

The plasticity of the material was analyzed based on the result of Atterberg 

limits test in the SI report. For this purpose, the plasticity index which is 

defined as the range of moisture content where the soil exhibits plastic 

properties were computed using equation 5 [8]. 

PI = LL – PL 

where PI is plasticity index; LL is liquid limit; and PL is plastic limit. 

As the change of moisture content in the sediment material will govern the 

behaviour of debris flow, the range of moisture content is studied based 

on the laboratory testing result in the SI report. The moisture content is 

defined as the ratio of weight of water to the weight of soil solid and 

expressed as in equation 6 [8]. 

w =
𝑊𝑙

𝑊𝑑
 × 100 

where 𝑤 is moisture content of soil (%); wl  is weight of water (g); and wd 

is weight of soil solid (g). 

4. RESULT AND DISCUSSION

The results of the laboratory testing which pertain to the particle size 

distribution, Atterberg limits and soil moisture content are summarized in 

Table 4 as follows. 

Table 4: Summary of laboratory testing results for soil samples at Jalan Tamparuli-Ranau KM 83.90 [9]. 

TP 
TP 

Sample 

Sample 

No. 

Particle Size Distribution (%) Atterberg Limits (%) 
w (%) 

Gravel Sand Silt Clay LL PL PI 

1 BS1 1 51 35 12 2 10.0 5.3 4.7 5.27 

2 BS2 2 43 38 17 2 17.3 13.0 4.3 12.99 

3 BS3 3 44 34 19 3 17.3 13.9 3.4 13.92 

4 BS4 4 40 42 14 4 23.0 19.9 3.1 19.93 

5 BS5 5 40 44 14 2 29.0 23.9 5.1 23.88 

6 BS6 6 49 31 18 2 36.5 31.2 5.3 31.16 

7 BS7 7 45 33 18 4 40.0 35.5 4.5 35.48 

8 BS8 8 62 26 10 2 28.0 23.7 4.3 23.71 

9 BS9 9 41 37 18 4 27.5 24.4 3.1 24.39 

4.1 Particle Size Distribution 

The particle size distribution in Table 4 shows that the debris flow 

material consisted of 40% to 62% gravel, 26% to 44% sand, 10% to 19% 

silt, and 2% to 4% clay. In average, the debris flow is predominantly 

composed of coarser material (82% of gravel and sand) with silty sand soil 

type. Next, the particle size curve is plotted in Figure 3. The curve shows a 

well-graded type of soil, in which the particles are distributed over a wide 

range. 

Figure 3: Particle size distribution of soil sample at Jalan Tamparuli-
Ranau KM 83.90. 

eq. (3)

eq. (4)

eq. (5)

eq. (6)
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Grain diameter in the particle distribution chart is then analysed to 

calculate grain size parameter pertaining to mean grain size, standard 

deviation, coefficient of skewness, and coefficient of kurtosis. The result as 

shown in Table 5 is explained as follows:  

a. The mean grain size ranges between 0.82 mm and 5.21 mm. The 

larger grain size shows that the debris flow is able to mobilize bigger 

sediment which requires higher kinetic energy. 

b. The range of the standard deviation lies between 2.50 and 7.01. 

Thus, very poor and extremely poor degrees of sorting have 

happened towards the deposition zone. This type of sorting has 

posed shorter transportation distance which finally causes halt in 

the material mobilization. 

c. The coefficient of skewness is as low as 0.66 and as high as 0.98. This 

indicates extremely positive skewness gradation of the 

sedimentation and larger grain diameter. Thus, larger velocity in the 

flow has transported the big grain size. 

d. The coefficient of kurtosis ranges from 0.80 to 3.31. Most of the soil 

samples (about 33%) in the runout zone pertain to narrow and 

sharp kurtosis gradations which represent a better degree of 

sorting, longer transportation distance, and less sediment carried by 

the flow. 

Table 5: Grain size parameter based on grain diameter at Jalan Tamparuli-Ranau KM 83.90. 

Sample 
Grain Diameter (mm) Soil parameter 

ϕ5 ϕ16 ϕ25 ϕ50 ϕ75 ϕ84 ϕ95 M σ SK Kg 

1 @ Depo 0.00 -0.02 0.32 1.90 9.41 13.76 23.55 5.21 7.01 0.78 1.06 

2 @ Depo 0.00 0.04 0.17 0.52 1.57 6.76 11.25 2.44 3.38 0.88 3.31 

3 @ Depo 0.00 0.02 0.27 0.12 2.94 7.93 14.05 2.69 4.11 0.98 2.15 

4 @ RO 0.00 0.06 0.25 0.15 4.87 6.61 12.57 2.27 3.54 0.98 1.12 

5 @ RO 0.01 -0.03 0.25 0.14 4.89 6.53 12.72 2.21 3.57 0.96 1.12 

6 @ RO -0.03 0.04 0.22 1.80 8.57 7.89 16.22 3.24 4.43 0.66 0.80 

7 @ RO -0.20 0.01 0.20 0.53 4.36 9.09 15.48 3.21 4.65 0.90 1.54 

8 @ RO 0.02 0.28 0.63 0.52 7.63 1.64 14.26 0.82 2.50 0.79 0.83 

9 @ RO 0.64 0.02 0.13 0.98 6.33 8.18 16.31 3.06 4.41 0.86 1.04 

Note: 

RO=Runout; Depo=Deposition; ϕn = Grain diameter at n percentage passing; M = Mean grain size;  

σ = Standard deviation; SK = coefficient of skewness; Kg = coefficient of kurtosis 

4.2 Atterberg Limit 

The fine-grained soil samples contain low plasticity index between 3.1% 

and 5.3% (Table 4). They are mainly classified as silt with low plasticity, 

which pertain to 78% of the soil samples as shown in the Plasticity Index 

chart (Figure 4). As presented by the low plasticity index, the material of 

debris flow may rapidly alter from its plastic state to the liquid state upon 

adequate infiltration of water content from the upper reach of the channel. 

This shall later promote the mobilization of the debris flow to further 

extent of travel distance.   

As stated in a study, the liquefaction process contributes to transformation 

of landslide into debris flow and assists in the mobilization of the debris 

flow [10]. The low plasticity index of the soil samples represent a higher 

occurrence of liquefaction process in the debris flow sediment, which 

controlled by the silt particles. 

Figure 4: Plasticity Index chart of soil sample at Jalan Tamparuli-Ranau 
KM 83.90. 

4.3 Moisture Content 

The moisture content of the soil sample ranges from 5.27% to 35.48%. All 

of the soil samples show moisture content of at least equivalent to the 

plastic limit. Therefore, very small increase of moisture content of about 

1% for this site due to external factor such as rainfall is sufficient to exceed 

the plastic limit where the soil starts to deform or initiation of debris flow 

takes place. 

5. CONCLUSION

In conclusion, the granular type debris flow displays high kinetic energy, 

shorter transportation distance towards deposition, large velocity, and 

more sediment flow towards deposition. In terms of mobilisation, the low 

plasticity index of the soil causes a high occurrence of liquefaction process, 

which is coupled with higher moisture content. The engineering property 

of debris flow material is interpreted based on available SI report. As the 

soil samples were only taken along the runout and deposition zone, 

analysis of material property at the initiation zone was not carried out. 

Therefore, future study should consider the relationship between the 

material property at initiation zone and the debris flow occurrence. 

However, this suggestion will depend on the site accessibility for soil 

sample collection. 
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