
morphological characteristics of peat soil samples from Matang, 
Sarawak, Malaysia, for better understanding of the behavior of 
these peat soils. 

 

Figure 1: Peat soil distribution map in Sarawak, Malaysia [2]

2.0 	TEST MATERIALS AND METHODOLOGY

Different types of peat soils were collected from six different 
locations (e.g., L1 to L6) in Matang area (from 0.40 to 0.80 m 
depth) designated as M1 to M6, respectively. The locations of 
sampling are shown in Table 1, as global coordinate. First the  
peat soil was sundried, grinded and passed through specific  
sieve and used for various physical and engineering properties test. 
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ABSTRACT

In Malaysia, Sarawak has the largest area of peat-land in the country, covering approximately 1.66 million hectares. With the 
rapid industrialisation and population growth, construction is scheduled almost all over the place including the area of peat-
land. As peat or highly organic soil is a major problem in infrastructure development of the tropical and coastal regions, we 
should initially discern the physical and geotechnical properties of these soils. The current study describes the physical and 
geotechnical properties of tropical peat soils from Matang, Sarawak. Different physical properties e.g. organic content (OC), 
liquid limit (LL), fiber content (FC), and specific gravity (G

s
) and geotechnical properties e.g. compaction, and Unconfined 

Compressive Strength (UCS) test have been conducted on remoulded peat soil samples. The results show that peat has very 
high moisture content and organic content; low specific gravity, dry unit weight and UCS value. Also, Scanning Electron 
Microscope (SEM) images were taken for some peat soil samples in order to study their microstructures. 

Keywords: Geotechnical Properties, Physical Properties, SEM, Tropical Peat Soil

1.0	 INTRODUCTION

The state of Sarawak is crossed by deep rivers and contains 
extensive freshwater wetlands and salty mangrove peat swamps 
or soils. These peat soils have been identified as one of the major 
groups of soil found here and it has the largest peat land area in 
Malaysia which is about 16,500 km2, of which about 90% of the 
peat is more than 1 m in depth [1], which contributes difficulties 
in construction industries. High rain fall intensity of 120 inches 
per year makes peat soils become extremely soft and wet. Figure 1 
shows the distribution of peat land in Sarawak [2].

Peat soil is a major problem in the infrastructure development 
of the coastal areas in Sarawak and generally considered as 
problematic soil in any construction project, because of its high 
compressibility and very low shear strength [3]. With the rapid 
industrialisation and population growth, it has become a necessary 
to have infrastructure facilities in peat-land as well. Before 
endorsing any types of construction on it, we should determine the 
physical and geotechnical properties of these soils.

Several researchers have studied on the soft or peat soil 
stabilisation and their physical properties [4-12]. Few researchers 
have discussed on the morphological investigation of clay and 
peat soils [13-17]. However, most of these studies concentrate on 
the stabilisation and very few studies are available on physical 
or geotechnical properties of original peat or soft soil from East 
Malaysia especially from Sarawak. Hence, the present study 
concentrates on determining the physical, geotechnical and 

Matang area
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Table 1: Global coordinate or position of peat soil samples collected

Sample Location Designation Position

Taman Malihah-1 M1 N 01˚ 33.986'; 
E 110˚ 15.464'

Taman Malihah-2 M2 N 01˚ 33.997'; 
E 110˚ 15.415'

Kopodim-1 M3 N 01˚ 34.782'; 
E 110˚ 16.396'

Kopodim-2 M4 N 01˚ 34.914'; 
E 110˚ 16.400'

SMK Matang-1 M5 N 01˚ 34.030'; 
E 110˚ 15.326'

SMK Matang-2 M6 N 01˚ 35.730'; 
E 110˚ 16.440'

2.1 Physical Properties
The natural moisture content of peat soil samples has been 
determined as per BS 1377: Part 2: 1990 [18]. The Loss on Ignition 
has been determined as a percentage of oven-dried mass as per 
ASTM D 2974 [19]. The moist sample is first dried in the oven at a 
temperature of 105°C for 24 hours then the oven dried sample was 
kept in a muffle furnace at temperature of 550°C for 4 to 5 hours. 
The sample was then cooled at room temperature and the change 
in weight is calculated as Loss on Ignition. Organic content (H) is 
calculated according to an equation proposed by Skempton and 
Petley [20] as follows:

H % = 100 – C (100 – N)                (1)

Where, C is the correction factor (=1.04 for temperature 
550°C; Edil [21]) and N is the loss on ignition in percent. The 
degree of decomposition is generally assessed by means of the 
Von Post scale. There are 10 degrees of humification (H1 to H10) in 
the Von Post system [22]. The specific gravity (Gs) of the highly 
organic or peat soil is determined based on procedure stated in BS 
1377: Part 2: 1990 [18]. In this test, Gs is determined by using 
small pyknometer and the average Gs is obtained from the results 
of three tests. The fiber content (FC) is determined from dry weight 
of fibers retained on ASTM sieve no. 100 (>0.15 mm opening 
size) as a percentage of oven dried mass [23]. In this study, cone 
penetrometer method has been used to determine the liquid limit 
(LL) of peat soil sample. The LL and pH test have been conducted 
as per guidelines based on BS 1377: Part 2: 1990 [18]. 

2.2 Engineering Properties 
Standard Proctor test has been conducted as per BS 1377-1990: 
Part 4 [18] to determine the maximum dry density (MDD) (γd) and 
the optimum moisture content (OMC) of the peat soil sample. To 
determine the undrained shear strength of the original remolded 
peat soil, the UCS test has been conducted according to the 
guidelines provided by ASTM D 2166 [24]. The size of the mould 
used in this study was 38 mm in diameter and 76 mm in height. A 
rate of strain of 1.27 mm/min has been maintained throughout the 
tests. For the sake of consistent results, a minimum of 3 samples 
have been tested. The prepared specimens were kept for 1 hour at 
room temperature in open space and then tested. 

2.3  Microstructure Analysis
The SEM micrographs of only M1, M3 and M6 peat soil 
samples (with the highest, medium and lowest fiber/organic 
content, respectively) have been conducted to study the 
morphology of the samples. SEM can produce high resolution 
three dimensional image of specimen surface. SEM consists of  
an electron gun (V-shaped tungsten filament) which emits  
electron beam thermionically when heated to a certain  
temperature and because of the application of high negative 
voltage this electron beam is directed towards anode (electron 
gun acts as cathode). The electron beam is refined by a system 
of electromagnetic lenses before it strikes the specimen. The 
specimen is inserted in a ‘specimen stage’ which is located in  
the direction of impinging electrons. These beaming electrons 
after striking the specimen surface produce secondary electrons 
which are then collected by a ‘secondary electron detector’ 
to generate a variety of signals. These signals are processed 
and converted into a series of pixels which can be viewed on a  
cathode ray tube or monitor (Bozzola and Russell [25]). The  
oven dried peat soil samples used in this tests which were  
coated with gold before taking SEM images. The SEM test was 
conducted by using the instrument JEOL, Japan, with model no. 
JSM-6701F. The micrographs were taken at a magnification of 
1000 for all three samples. 

3.0 	RESULTS AND DISCUSSION
3.1  Physical Properties
The results of different physical properties of the peat soil  
samples are presented in Table 2. From Table 2, it is found  
that the moisture content of the peat soil is very high, this may 
attributed to the fact that, peat soils have high fiber content  
which is able to absorbed water. Huat [3] stated that the natural 
water content of West Malaysian peat varies from 200 to 700% 
and East Malaysian peat varies from 200 to 2207%. Our value 
also falls within the ranges. From the laboratory test, it has  
been observed that the sample M1 to M5 falls in the category 
with degree of humification H4 to H6 (Hemic) and sample M6 can 
be categorized as H7 to H10 (Sarpic); according to the Von Post 
scale. If the percentage of organic content (OC) in soil is more 
than 75% then the soil can be categorised as peat soil as per  
ASTM D 2607 69 [26]. In this study sample M4 and Sample 
M6 contain less than 75% OC and can be categorised as highly 
organic soil. The remaining soil samples can be categorised 
as peat. The result shows that M1 soil sample has higher fiber 
content (FC) than others soil samples and the sample M6 has 
lowest fiber content (FC).

Den Haan [27] studied that, the specific gravity in organic or 
peat soils is affected by the organic constituents; e.g., cellulose 
and lignin which are having lower specific gravity, approximately 
1.58 and 1.40, which causes the reduction in specific gravity of 
peat soils. Huat [3] also reported that for tropical peat soil, Gs 
ranges from 1.07 to 1.7. In the present study, specific gravity 
(Gs) for the peat soil samples tested also falls within the ranges 
except for sample M6. The Gs value for sample M6 is higher 
as compared to the other samples tested. This may be attributed 
to the fact that sample M6 is highly decomposed and has lowest 
fiber content (FC).

The LL value is higher for M1 sample because M1 sample 
contains more fiber which results in high water absorption  
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capacity compared to the other samples. It is also found that all 
samples collected from Matang are non-plastic. The result also 
shows that sample M2 has lower pH value than other peat soil 
samples and sample M6 has the highest value. As a result, M2 
sample is more acidic due to the higher organic content.

Table 2: Physical properties for different peat soil samples

Property
Sample

M1 M2 M3 M4 M5 M6

Natural 
moisture 
content, (%)

620.14 473.70 360.72 787.04 623.76 605.63

Degree of 
decomposition H3 H5 H6 H4 H4 H7

Loss on 
Ignition, (N) 
(%)

85.67 79.70 67.88 83.08 81.59 44.74

Organic 
content, (H) 
(%)

85.10 78.88 66.60 82.40 80.85 42.53

Specific 
gravity, (Gs) 1.45 1.62 1.64 1.48 1.56 1.82

Fiber content 
(FC) (%) 65.00 63.45 61.40 64.25 63.55 31.98

Liquid Limit 
(LL) (%) 78.00 79.00 73.00 75.00 77.00 69.00

pH value 4.05 4.64 5.15 4.25 4.33 6.18

3.2  Engineering Properties
3.2.1 Standard Proctor Test
Standard Proctor test were carried out for peat soil samples 
and the results are presented in Figure 2 and Table 3. From  
Figure 2, it can be noticed that for the soil sample M6 has MDD 
of 0.88 gm/cm3 and the value of OMC is 54.95%. It can also 
be observed that this soil sample has the maximum dry density  
and minimum moisture content as compared to the other  
samples tested in this study. This may be attributed to the fact  
that sample M6 has lower fiber content (FC) and as a result, it 
has lower water absorption capacity compared to the remaining 
peat soil samples. 

 

Figure 2: Standard Proctor test for different peat soil samples

The maximum dry density of the peat sample tested in this 
study varies from 0.72 to 0.88 gm/cm3. Our result falls within 
the range as reported by Huat [3]. The bulk densities of peat  
are in the range of 0.8 to 1.2 gm/cm3 whereas the dry densities 
are 0.1 to 1.4 gm/cm3.

3.2.2 Unconfined Compressive Strength Test
The UCS tests have been conducted for all soil samples  
compacted at its MDD and OMC of the soil and the results 
are presented in Table 3. In this study UCS value for original 
remoulded peat soil sample varies from 14.23 to 21.62 kPa. 
Behzad and Huat [28] also mentioned in their study that the  
UCS value for remoulded peat is 22 kPa.

It can be noticed that considerably higher compressive 
strength has been obtained from M6 samples, it may be 
attributed to the fact that the sample M6 has lower fiber content 
(FC) (i.e., 31.98%) which results lower water holding capacity 
and higher compressive strength. Also M1 sample has lower 
UCS strength value it may be to the fact that, the M1 sample has 
higher fiber content (FC) and organic content (OC). 

Table 3:  Geotechnical properties for different peat soil samples

Property
Sample

M1 M2 M3 M4 M5 M6

Optimum moisture 
content (OMC) (%) 65.36 62.84 56.10 60.25 60.64 54.95

Maximum dry density 
(MDD) gm/ cm¬3 0.72 0.74 0.83 0.73 0.73 0.88

Unconfined 
compressive strength 
(UCS) (kPa)

14.23 17.25 19.15 18.00 14.85 21.62

3.3 Scanning Electron Microscope (sem)
Scanning electron micrographs of peat soil samples M1, M3 
and M6 are shown in Figures 3, 4 and 5, respectively. Figure 3 
shows that M1 soils are composed of fibers, woody and porous in 
nature compared with M3 and M6 samples. Figure 4 shows that 
M3 sample is more compact than M1 sample. From Figure 5 
(sample M6), it can be observed that the particles are plate/sheet-
like clay type structure. It may be attributed to the fact that,  
the more fibrous/organic content a soil is/has, the more porous 
space it has.

 

Figure 3: SEM micrograph of the peat soil sample M1
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Figure 4: SEM micrograph of the peat soil sample M3
 

Figure 5: SEM micrograph of the peat soil sample M6

4.0 	CONCLUSIONS
The present paper investigates the physical, geotechnical and 
morphological properties of different types of peat soil samples 
from Matang, Sarawak, Malaysia. From the laboratory tests 
results, the following conclusions can be drawn:

i.	 The ranges of the natural moisture content, Gs, and pH for 
peat soil samples are between 360 to 787%, 1.45 to 1.82 and  
4.05 to 6.18, respectively. 

ii.	 The result shows that, FC, OC and N are within the ranges, 31 
to 65%, 42 to 85% and 44 to 85%, respectively and according  
to the Von Post scale the sample M1 to M5 is Hemic and 
the sample M6 is falls in the category of Sarpic. 

iii.	 The standard Proctor test result shows that MDD and  
OMC ranges approximately between 0.72 to 0.88 gm/cm¬3 

and 55 to 65%, respectively. 
iv.	 The result of UCS test shows that, the strength for different 

peat soil samples is between 14.23 to 21.62 kPa. 
v.	 SEM result shows that the peat soil sample M1 contains 

more fibers, woody and porous as compared with the  
samples M3 and M6. From sample M6, it can be observed 
that the particles/fibers are so packed, plate or sheet-like and  
strongly bonded.
From the available data and to be established data bank  

on the region’s peat soil compiled by the Construction on  
Soft Soil (CoSS) Group of UNIMAS, it is hope that the local 
geotechnical engineers can easily understand the behavior of 
physical and geotechnical properties as well as morphological 
characteristics of Sarawakian peat soils.

5.0  ACKNOWLEDGEMENTS
The author would like to acknowledge the MOSTI for financial 
support (Grant no. 03-01-09-SF0032). Also the authors would  
like to express deep gratitude for the technical supports offered  
by the Geotechnical laboratory staff and the Construction on  
Soft Soil Group members, Universiti Malaysia Sarawak, 
Malaysia. 

REFERENCES

[1]	 A. A. Mutalib, J. S. Lim, M. H. Wong, and L. Koonvai, 
“Characterization, Distribution and Utilisation of Peat in 
Malaysia, Tropical Peat.” Proceeding of the International 
symposium on Tropical Peatland, Kuching, Sarawak, 
Malaysia, pp. 7-16, 1991.

[2]	 H. S. Lee, “Utilisation and Conservation of Peatswamp 
Forests in Sarawak, Tropical Peat” Proceedings of the 
International symposium on Tropical Peatland, Kuching, 
Sarawak, Malaysia, pp. 286-292, 1991.

[3]	 B. B. K. Huat, “Organic and Peat Soils Engineering.” 
University Putra Malaysia press. 1st Edition, pp. 5-11, 
2004.

[4]	 E. K. Huttunen, and V. H. Kujala, “Assessment of the 
Quality of Stabilized Peat and Clay.” Symposium Grouting 
and Deep Mixing, Balkema, pp. 607-612, 1996.

[5]	 D. T. Eriktius, E. C. Leong, and H. Rahardjo, “Shear 
Strength of Peaty Soil-Cement Mixes.” Proceedings of the 
third International Conference on Soft Soil Engineering, 
Hong Kong, pp. 551-556, 2001.

[6]	 R. Andersson, S. E. Johansson, and K. G. Axelsson, 
“Stabilization of Organic Soils by Cement and Puzzolanic 
Reactions.” A Feasibility Study within the Project Swedish 
deep stabilization, Report 3, 2002.

[7] 	 S. Hebib, and R. E. Farrell, “Some Experiences on the 
Stabilization of Irish Peats.” Can. Geotechnical Journal, 
Vol. 40, pp. 107-120, 2003.

[8]	 B. B. K. Huat, M. S. Shukri, and T. A. Mohamed, “Effect 
of Chemical Admixtures on the Engineering Properties 
of Tropical Peat Soils.” American Journal of Applied 
Sciences, Vol. 2, No. 7, pp. 1113-1120, 2005.

[9]	 P. K. Kolay, and N.S.B. Romali, “Highly Organic Soil 
Stabilization by Different Types of Admixtures.” 2nd 
International Conference on Problematic Soils,  Sunway 
Resort Hotel, Petaling Jaya, Selangor, Malaysia, pp. 211-
216, 2006.

[10] 	 H. Roslan, and M. S. Shahidul, “A Model Study to 
Determine Engineering Properties of Peat Soil and Effect 
of Strength after Stabilization.” European Journal of 
Scientific Research, Vol. 22, No, 2, pp. 205-215, 2008.

[11] 	 D. Sadek, H. Roslan, and A. Abubakar, “Engineering 
Properties of Stabilised Tropical Peat Soils.” EJGE paper 
13, Bund. E, 2008.



Journal - The Institution of Engineers, Malaysia (Vol. 72, No. 4, December 2011)16

AMINUR M.R., KOLAY P.K., TAIB S.N.L., MOHD ZAIN, M.I.S AND KAMAL, A, A.

[12] 	 L. S. Wong, H. Roslan, and H. A. Faisal, “Engineering 
Behaviour of Stabilized Peat Soil.” European Journal of 
Scientific Research, Vol. 21, No. 4, pp. 581-591, 2008.

[13] 	 G. Rajasekaran, K. Kurali, and R. Srinivasaraghavan, 
“Effect on Chlorides and Sulphates on Lime Treated 
Marine Clays.” Soils and Foundations, Vol. 37, No. 2, pp. 
105-115, 1997.

[14] 	 S. Nontananandh, and M. Kamon, “Hydration Mechanisms 
of Fly Ash Stabilized by Lime.” Proc. of the 2nd International 
Conference on Environmental Geotechniques, Osaka, 
Japan, pp. 857-862, 1996.

[15] 	 M. Kawamura, and S. Diamond, “Stabilisation of Clay 
Soils against Erosion Loss.” Clay and Clay minerals, Vol. 
23, pp. 443-451, 1975.

[16] 	 M. Kamon, and S. Nontananandh, “Combining Industrial 
Wastes with Lime for Soil Stabilisation.” Journal of 
Geotechnical Engineering, Vol. 117, No. 1, pp. 1-17, 1991.

[17] 	 N.B. Hobbs, “Morphology and the Properties and 
Behaviour of Some British and Foreign Peats.” Quarterly 
J. of Engineering Geology, Vol. 19, pp. 7-80, 1986.

[18] 	 BS 1377, Part 1-4, “Soils for Civil Engineering  
Purposes.” British Standards Institution. London. UK, 
1990.

[19] 	 ASTM D 2974, “Standard Test Method for Moisture,  
Ash, and Organic Matter of Peat and other Organic Soils.” 
Book of ASTM Standards, ASTM, Philadelphia, USA, 
2000.

[20] 	 A.W. Skempton, and D. J. Petley, “Ignition Loss and Other 
Properties of Peats and Clays from Avonmouth, King’s 
Lynn and Cranberry Moss.” Geotechniques, Vol. 20, No. 4, 
pp. 343-356, 1970.

[21] 	 T. B. Edil, “Recent Advancements in Geotechnical 
Characterization and Construction over Peat and Organic 
Soil.” In Proceedings of 2nd International Conference on 
Advances in soft soil Engineering and Technology, Ed. 
Huat, et al., Putrajaya, Malaysia, pp. 3-35, 2003.

[22] 	 L. Von Post, “Sveriges Geologiska Undersøknings 
torvinventering och nogra av dess hittils vunna resultat 
(SGU peat inventory and some preliminary results).” 
Svenska Mosskulturføreningens Tidsskrift, Jønkøping, 
Sweden Vol. 36, 1922.

[23] 	 ASTM D1997-91, “Standard Test Method for Laboratory 
Determination of the Fiber Content of Peat Samples by 
Dry Mass.” Annual Book of ASTM Standards, ASTM, 
Philadelphia, USA, 1996.

[24] 	 ASTM D 2166, “Standard Test Method for Unconfined 
Compressive Strength of Cohesive Soil.” Annual Book  
of ASTM Standards, ASTM, Philadelphia, USA, 2000.

[25] 	 J. J. Bozzola, and L. D. Russell, “Electron microscopy: 
principles and techniques for biologists.” Second edition, 
Jones and Bartlett Publishers, Sudbury, Massachusetts, 1999.

[26] 	 ASTM D 2607-69. “Classification of Peats, Mosses, 
Humus, and Related Products.” Annual Book of ASTM 
Standards, ASTM, Philadelphia, USA, 1990.

[27]	 E. J. Den Haan, “An Overview of the Mechanical 
Behaviour of Peat and Organic Soils and Some Appropriate 
Construction Techniques.” In Proceedings on recent 
Advances in Soft Soil Engineering, Kuching Sarawak, pp. 
17-45, 1997.

[28]	 K. Behzad, and B. K. Huat, “Improving Unconfined 
Compressive Strength of Peat with Cement, Polypropylene 
Fibers, and Air Curing Technique.” Global Journal of 
Research in Engineering, Vol. 10, Issue 1, pp. 9-15, 2010.

PROFILES
MR. Md. Aminur Rahman obtained his Bachelor 
Degree in Civil Engineering from Khulna University of 
Engineering and Technology, Bangladesh in 2006; Master 
Degree in Geotechnical Engineering from Universiti Malaysia 
Sarawak, Malaysia in 2010. Currently continues PhD study 
in Geotechnical Engineering at Swinburne University of 
Technology, Melbourne, Australia. His research interests are 
in ground improvement, characterisation of soft soil, solid 
waste and recycle materials in civil engineering application 
and finite element modeling in geotechnical engineering.

DR Prabir K. Kolay is an Assistant Professor in Civil 
and Environmental Engineering Department at Southern 
Illinois University Carbondale, USA. He did his PhD in 
Geotechnical Engineering from IIT Bombay, India. His 
research interest is Geotechnical and Geo-environment 
Engineering and a member of IGS, TRB and IACMAG.

ENGR. DR Siti Noor Linda Taib is a Senior 
Lecturer in the Department of Civil Engineering, Faculty of 
Engineering, Universiti Malaysia Sarawak, Malaysia. She 
is a graduate member of Board of Engineers, Malaysia and 
The Institution of Engineers, Malaysia. Her research works 
include slope stability analysis, soil nailing, development 
of image analysis in analysing soil movement and peat soil 
research. She is currently supervising several undergraduate 
and postgraduate research topics covering topics particularly 
on soft soil improvement.

Assoc. Prof. Dr Mohammad Ibrahim Safawi 
is a Faculty member of the Engineering Faculty, Universiti 
Malaysia Sarawak in the Department of Civil Engineering 
specialises in the area of high performance concrete 
particularly lightweight foam and self-compacting concrete. 
His research interest is in the application of foam concrete in 
peat soils and design of peat soil replacement with another 
suitable material.

EN. Ahmad Kamal Abd. Aziz is currently a lecturer with Universiti Malaysia Sarawak under the Department of Civil Engineering and 
specialised in the area of Geotechnical Engineering especially in the area of finite element modeling. He graduated with BSc (Hons) from UiTM, Shah 
Alam and MSc in Science (Geotechnical Engineering) from Manchester University, UK.




