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Ten soil samples from Pinousuk Gravel unit were collected for physico-chemical and engineering

properties investigation. Pinousuk Gravel originated from different parent rocks namely ultrabasic,

granodiorite, sandstones, and shale from sedimentary rock formations. The correlation between physico-

chemical and engineering properties were analyzed using Spearman’s correlation. The result of analysis

shows strong relationship (range from .59 to .83) between moisture content (V1) and clay percentage (V7)

on the compressive strength (V13) of soil. This is due to the increasing of the liquid limit (V9) and soil

plasticity (V11) which decrease the strength of soil.
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I. INTRODUCTION

The study area is located at Mesilou, Kundasang, Sabah
where Pinousuk Gravel is widely distributed on the area.
Pinousuk Gravel is an unconsolidated, loose materials
formed around 34000 to 40000 years back (Jacobson, 1970)
due to the glacial deposition from Mount Kinabalu during
Pleistocene age (Marilah & Ibrahim, 2000). Pinousuk Gravel
is also known as tilloid deposit which can be observed by its
blocky sizes and angular shaped rocks. Jacobson (1970) and
Koopmans and Stauffer (1967) has characterized Pinousuk
Gravel into two different units ie Upper Unit and Lower Unit
based on its size, roundness, and sphericity of rock units. The
distinct differences were Lower Unit was characterized by
the angular deposited blocks, less weathered, and dominated
by sandstones and ultrabasic rocks. While Upper Unit
consists of rounded shaped granodiorite that deposited from
mud flow transportation process. This is supported by Hall
et. al., (2008) where Pinousuk Gravel is consisted of
materials such as blocks embedded in mud and sand

matrixes from Mount Kinabalu and its surroundings. The

*Corresponding authot’s e-mail: henniefs@ums.edu.my

effect of glacial meltdown has encouraged the mud flow
events which enabled to transport the granodiorite blocks,
ultrabasic and sedimentary rocks before deposited on
Pinousuk Plateu (Sahibin et. al., 1989).

The study area consists of unconsolidated, weak with bad
sorting materials which increased the risk of landslide
occurrences (Liau, 1996). The mixture of various types of
parent rocks in Pinousuk Gravel will produce different rate
of soil strength based on its mineralogy and soil texture.
Therefore, the purpose of this research is to study the
physico-chemical properties and engineering properties of
the soil samples from Pinousuk Gravel and to establish the
correlation among these parameters using Spearman’s

correlation coefficient.
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Figure 1. Soil sampling locations on the geological map of the study area

1I1. MATERIALS AND METHODS

Ten (10) soil samples were collected from different locations
of Pinousuk Gravel Plateu in the study area (Fig. 1) namely
as S1 — S10 (Fig. 2). Samples were collected from different
types of soil lithology and texture, where S1 is a dominated
ultrabasic soil among 1 meter diameter of rocks, while S2 and
S3 are consist of mixture of fragments-matrix originated of
ultrabasic rocks with size of fragments up to more than 1
meter. S4 and S5 are dominated by smaller size of fragments
with less than 30 cm and lithology mostly from ultrabasic
rocks as  well, while S6, Sy and S8 are soils from
granodiorite where slope S8 is consists of granodiorite
boulders with size more than 2 meters diameter. Both Sg and
S10 were collected from landslide area and consists of
mixture of ultrabasic and granodiorite with fragments size
from few centimeters to less than 1-meter blocks.

All laboratory analysis was based on British Standard
1377 (1990) except the unconfined compression test which
followed the ASTM standards (2000). This contributes to 14
different variables to be measured their correlations. The
parameters for physico-chemical analysis include moisture
content, organic content, pH value, particle size distribution,
soil specific gravity and Atterberg Limit. Engineering
properties consist of unconfined compression test for

strength analysis and permeability test.

For statistics analysis, Spearman’s correlation coefficient
was used to measure relationship between two variables
where correlation matrix is produced to see which variables
have the strong correlation (Ahmad Shukri et. al., 2008).
The value is between -1 and 1, where 1 indicates a perfect
positive relationship while -1 indicates a perfect negative

relationship. A result of zero indicates no relationship at all.
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Figure 2. Selected soil slopes of the study area consist of different types of rocks and size of fragments
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II1. RESULTS AND DISCUSSIONS
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Based on the result, it is found that the moisture content was 0|l .- " # o

at the range of 22.08% to 81.15%, organic content between o [© e

0.91% and 6.63%, pH was 4.53 to 7.98 and specific gravity at
the range of 2.43 to 2.64. S1 shows the highest content of
moisture and organic and the lowest for pH and specific
gravity. This is related to the formation of organic
compounds and high content of iron oxide which led to the
acidity of soil. Low value of specific gravity is generally
influenced by the existence of organic matter (Bowles, 1979;
Bujang et. al., 2009).

The triangular chart classification indicates that the
samples are best classify as sandy & silty clay, sandy silt,
clayey sand, sandy & silty clay, clay, sandy clay with silt,
slightly clayey sand, clayey sand and clayey & sandy silt (Fig.
3). Based on plasticity chart classification, the soil plasticity
can be classified from low (S8), moderate (S9, S10), high (S1,
S3, S5, S6, S7) to very high (S2, S4) with non-active to
normal clay activities (Skempton, 1953) (Fig. 4).
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Figure 4. Plasticity chart indicates the plasticity of soil
samples

For compressive strength test, all samples show range
of value from 11.24 — 77.50 kPa where it is classified as very
soft to medium consistency according to Terzaghi et. al.,
(1996). Braja (2002) suggested that soil mineralogy,
organic content, moisture content and pore ratio can
contribute to affect the compression strength of soil,
besides the appearance of clay minerals (Olson, 1974).
Higher percentage of clay increases the plasticity rate of
soil which enables it to expand and entrap more moisture
to lower down the friction angle and cohesion among soil
particles (Zydron & Dabrowska, 2012; Dafalla, 2013). All
samples show range of permeability degree from very low
to impermeable (Terzaghi & Peck, 1948) due to variety of

particle sizes which provided different interconnected

2 5 pores.
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Figure 3. Triangular chart shows the soil texture classification

Table 1. Physico-chemical and engineering properties variables (namely V1 — V14) analyzed on 10 soil samples from

Pinousuk Gravel

Samples S1 S2 S3 S4 S5 S6 S7 S8 So S10
Moisture Content
81.15 42.93 22.08 77.51 63.43 43.51 48.92 23.09 36.00 22.70
(V1) (w, %)
Organic Content 6.63 1.53 1.22 5.30 4.8 2.84 3.06 0.01 7.40 1.07
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(V2) (BOT, %)
pH (V3) 4.53 7.98 7.47 6.37 6.58 543 5.23 4.62 6.13 6.55
Specific Gravity
2.43 2.56 2.49 2.48 2.50 2.46 2.45 2.64 2.51 2.50
(Va)
% Sand (V5) 28.91 60.34 68.74 34.39 36.34 48.56 52.47 76.18 55.52 52.61
% Silt (V6) 44.99 7.83 20.17 36.45 32.73 21.09 19.36 18.21 27.68 35.16
% Clay (V7) 26.10 31.83 11.09 29.16 30.93 30.35 28.17 5.60 16.80 12.23
Plastic Limit (V8)
33.52 56.78 44.02 55.71 50.04 50.89 57.81 26.72 33.42 32.13
(PL, %)
Liquid Limit (V9)
64.00 82.00 65.00 71.90 64.71 64.20 69.45 30.00 | 47.00 37.80
(LL, %)
Linear Shrinkage 36 86 P 36
10.71 13.57 19. 12. 11.35 5.71 7.3 2. 4.29 5.71
(V10) (LS, %)
Plasticity Index g g 6 6 6 g g 6
0. 25.22 20. 16.1 14. 13.31 11. .2 13. .
(V11) (PL %) 304 5 9 9 4.67 3.3 4 3 3.5 5.67
Clay Activity (V12)
® 1.65 0.79 1.89 0.56 0.47 0.44 0.41 0.59 0.80 0.46
Compression
strength (V13) (x, 11.24 25.7 26.15 26.86 19.76 37.88 38.94 77.50 13.66 56.08
kPa)
Permeability 3.68 x 1.13 X 1.60 x 2.55 X 1.21X 4.05 X 8.76x | 4.04%x | 1.63x | 5.68x
(V14) (k, m/s) 108 108 1079 108 108 1079 1079 108 108 1079
Other pairs of variables show strong positive
B. Statistics Analysis

Based on Table 2, the strongest positive relationship is
observed between the percentage of clay (V7) versus plastic
limit (V8) and percentage of clay (V7) versus liquid limit (V9)
with the value of .80 and .83 respectively. This shows that clay
particles and clay minerals in soils be able to increase the
plastic limit and liquid limit. Large surface area of clay
particles and minerals enable it to absorb more moisture thus
increase its plasticity. Whereas, it was also found that
moisture content (V1) in soil is reducing with the increasing of
sand percentage (V5) due to the occurrence of seepage among
the pores between sand particles. The correlation value shows

negative decrease of a fixed proportion in the other.

relationship are (V1)/ (V7) (.73), (V9)/ (V11) (.72) V10/V11
(.67) and V9/V10 (.67). While these pair of variables show
(V11)/(V13)(-.79)
(V9)/(V13) (-.72). This shows that an addition of moisture

strong negative relationships: and
content (V1) and the percentage of clay (V7) increase the
liquid limit (V9) and plasticity (V11) in soil which decrease
the strength of soil (V13) as expected (Blahova et. al., 2013).
The moisture within pores prepares a failure axis among
particles to collide and acted as lubricants for easier fails.
Other pairs of variables are considered as weak to
medium relationship with value of correlation from -.50 to
.50 which means for every increase or decrease, it is not

affect much of variation of a fixed proportion in the other.
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Table 2. Correlation matrix of variables for physico-chemical and engineering properties analysis

Vi Va2 V3 V4 V5 V6 V7 V8 Vo V1o Vi1 Vi2 Vig Vig
Vi [ 1.00 \
Va2 0.69 1.00
V3 -0.24 -0.28 1.00

V4 -0.54 -0.48 0.11 1.00

V5 -0.90 -0.70 0.19 0.71 1.00

Vo6 0.58 0.61 -0.36 -0.52 -0.76 1.00

A% 0.73 0.38 0.12 -0.51 -0.68 0.05 1.00

V8 0.38 -0.03 0.41 -0.35 -0.27 -0.33 0.80 1.00

Vo 0.55 0.17 0.42 -0.48 -0.41 -0.17 0.83 0.87 1.00

V1o 0.21 -0.09 0.64 -0.26 -0.11 -0.04 0.22 0.45 0.67 1.00

Vi1 0.55 0.37 0.24 -0.44 -0.42 0.14 0.49 0.29 0.72 0.67 1.00

Vi2 0.03 0.10 0.12 -0.22 0.05 0.15 -0.25 -0.25 0.17 0.63 0.68 1.00

V13 -0.59 -0.72  -0.29 0.62 0.60 -0.31 -0.68 -0.72 -0.83 -0.51 -0.79 -0.43 1.00
Vi4 \0.38 0.32 -0.62 0.33 -0.13 0.34 -0.18 -0.47 -0.31 -0.29 0.05 0.10 0.17 1.00]

Iv. SUMMARY

Soil of Pinousuk Gravel unit is known for its weak, loose
materials which commonly contributed to landslides. From
the laboratory and statistics analysis, it can be concluded
that most of the physical properties shows significant
correlation with the soil strength.

In summary, this study shows that the compression
strength (V13) of soil samples is highly influenced by the
percentage of clay particle (V7), high plasticity index
(V8/V9) and moisture content (V1) due to capability of
moisture absorption which resulted to higher expansion

and failure.
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