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Abstract - Peat layer is extensively scattered over the land of Malaysia. In Sarawak alone, peatland represents 13 percent (about 1.66 

million hectares) of Sarawak’s total land area. They are present, mostly in low-lying areas; with in some areas, peat exceeding 10 m in 

depth. During past few decades, the demands on development of land were expanded into the swamp and deep peat areas which cannot be 

avoided. Thus proper management and construction practices should be emphasized, in order to overcome consequential occurrence of 

ground subsidence problems. The objectives of this study are to determine the characteristics of Sarawak peat, their empirical correlations 

as well as the effect of heat treatment on peat. The samples were taken from Matang, Batu Kawa, and Kota Samarahan sites, in Sarawak. 

The characteristic tests consist of degree of humidification, loss on ignition, Atterberg limit, particle density, moisture content and pH 

value. The results recorded high moisture content and organic content of Sarawak peat. It is also being categorized under the hemic group 

with pH values ranging from 3 to 4. The heat treatments with temperatures ranging from 100°C to 400°C were used on the peat samples. 

Samples collected were undergoing heat treatment and changes to its physical characteristic were compared with the original Sarawak 

peat. It was found that the heat treatments do influence the physical properties of Sarawak peat and have shown significant reduction in the 

compression index determined through the empirical correlations. 
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I. INTRODUCTION 

 

EAT is defined as highly organic soil with the heterogeneous mixture of partially decomposed plant remains, with 

some contents of sand, silt and clay under damp and anaerobic condition. Obviously, the content of organic remains in 

peat is sufficiently fresh and undisturbed to permit identification of plant remains whose structure ranges from more or less 

decomposed plant remained to a fine amorphic mass. Approximately 1.7 million ha (13%) of the Sarawak State’s total land 

area, are covered with peat [1]. This peat land is located in the primal lowlands and along the coast, usually situated 2 to 

4 km inward. Most of Sarawak’s peat lands are found in the central region of the State, specifically in Sibu Division, which 

roughly covers 70 percent of the division (refer Figure 1). 

 

Division Area (ha.) 

Kuching 23 059 

Kota Samarahan 192 775 

Sri Aman 283 076 

Sibu 540 800 

Sarikei 169 900 

Bintulu 146 121 

Miri 276 579 

Limbang 25 300 

TOTAL 1 657 600 

Figure 1 The distribution of peat in Sarawak [2] 
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Peat present mostly in surface soils where the water table is near or above the ground surface but in some cases as deep 

deposits. The overall hydrological characteristic depends upon the rainfall and the surface topography. High moisture 

content in peat is the main factor contributing to the characterization of peat with low bearing capacity and bulk density. Due 

to this, peat is incapable of carrying excessive weight. The consequences for engineering structures on peat resulting from 

the high and rapid compressibility are often very serious [3]. A study performed in Sibu town by [4] shows that the removal 

of water by drainage leading to the bulging of peat near roads and caused ground settlement due to their poor mechanical 

performance. 

In general, about 90 percent of peat in Sarawak is classified as deep peat (depth of more than 1.5 meter). The depth of 

peat layer increases from the coast towards the inlands. According to [5], field investigation conducted in Western Sarawak 

has proven that there are three significant layers differentiated by its level of humidification based on the Von Post 

classification system, where each layer overlain the subsequent layer. The top thin layer of 0.5 m to 1.5 m thick is recognized 

as sapric (H7-H10) peat with fiber content of less than 33 percent. The second layer of peat, overlain by sapric peat, is 

recognized as hemic peat (H4-H6) with fiber content ranging from 33 to 66 percent. The near beneath of peat soil layer, 

overlain by hemic peat, is recognized as fibric peat (H1-H3) with fiber content of greater than 66 percent, and a layer of grey 

mangrove clay may be likely to be seen under the fibric layers. The content of peat differs from location to location due to 

the factor such as origin fiber, temperature and humidity [6]. 

Further, peats are well known for their high compressibility and long term settlement. From previous study stated that, 

the majority of settlement is results from creep at constant vertical stress. Typically, increase in temperature causes an 

increase in pore water pressures and soil compressibility with the opposite behavior upon cooling. The thermal pre-

compression method accelerates the pre-loading process for organic soil [7]. The laboratory tests performed by [8] indicated 

that moderate heating (15°C to 40°C) accelerates settlement of peat significantly and further long-term settlement is greatly 

reduced upon cooling. This method is subsequently was evaluated in the field and indicated that it could provide time 

savings over conventional stress-induced pre-loading, reduce stability issues associated with surcharging and offer a means 

of reducing the secondary compression of peats [9]. In summary, peat is problematic material; hence suitable geotechnical 

parameters and construction techniques are needed for this type of ground condition. This paper presents the findings on 

geotechnical characteristics and their empirical correlations for Sarawak peat and the influence of heat treatment, which has 

been performed in Geotechnical Laboratory, UNIMAS. All the experimental investigations were performed in accordance to 

[10] unless stated otherwise. 

II. SARAWAK PEAT 

 Properties of Sarawak Peat 

Table 1 presents the basic geotechnical properties of Sarawak peat. The samples were categorized into the hemic group, 

ranging from H4 to H5 according to the Von Post classification system. The description suited the classification made as the 

samples were slightly decomposed and a very small amount of granular peat with muddy dark water escaped between the 

fingers upon squeezing. Organic content in Sarawak peat is best determined by performing loss on ignition test. From the 

test, one can be seen that the organic content for Sarawak peat is very high, which varies from 89% to 95%. Further, higher 

percentage of organic matter produced relatively high moisture content of Sarawak peat. Based on the published work, it has 

been proven indeed reasonable that the voids between organic particles have a high capacity of entrapping moisture content, 

which resulted in high moisture content of peat. It is clearly shown that, the organic content does affect the moisture content 

of Sarawak peat. Batu Kawa’s samples have shown relatively high organic content, which also resulted in high moisture 

content records (refer Table 1). The pH value for Sarawak peat falls in the range of 3 to 4, which is classified as acidic and 

the pH values increases with decreasing organic content. 

Table 1 Geotechnical Properties of Sarawak Peat 

                     Location 

Properties 

Sarawak Peat 

Matang Batu Kawa Kota Samarahan 

Von Post Classification H4 - H5 (Hemic) H5 (Hemic) H4 (Hemic) 

Moisture Content (wN) (%) 594 - 856 607 - 926 426 - 817 

Liquid Limit, LL (%) 234 - 245 252 - 261 192 - 200 

Plasticity Index, PI (%) 81 97 - 100 95 - 110 

Organic Content, OC (%) 95 95 89 

Fiber Content, FC (%) 45.6 50.3 23.2 

pH Value 3.2 – 3.8 3.3 - 3.9 3.4 – 4.3 

Specific Gravity (Gs) 1.08 - 1.35 1.11 - 1.34 1.25 - 1.67 
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 Heat Treatment of Sarawak Peat 

The samples from four different locations in Kuching and Samarahan sites were dried at four different temperature for 

approximately 4 hours with various heat treatment of; 100°C, 200°C, 300°C and 400°C, respectively. The temperature 

chosen was below 440°C as recommended by BS 1377:1990, if the temperature exceeds 440°C; organic content in the soil 

will be burnt and thus gives significant affect to the moisture content value. Also, this heat treatment method is another 

approach for accelerating the preloading process of Sarawak peat. Reference [9] stated that this method provides time 

savings over conventional stress-induced pre-loading, thus, reduce stability issues associated with surcharging and offer a 

means of reducing the peat tendency for long-term creep. 

The values for liquid limit for the treated samples shows decreasing due to the loss of organic content to hold the water in 

the soil. Samples that undergo heat treatment of more than 200°C are found not suitable to be tested for plastic limit test 

because the failure of the treated samples to be rolled into threads. The samples treated above 200°C can be categorized as 

non-plastic, NP and no liquid limit test required. This is due to the high amount of ash content caused by the burning of 

organic content of the Sarawak peat. A higher organic content is observed in the Sarawak peat with an increment of liquid 

limit. However, the values decreasing when subjected to an increasing of temperature from 100°C to 200°C. The results are 

illustrated in Figure 2. 

All the samples tested in their natural state give the values of specific gravity ranging between 1.08 and 1.67. The values 

obtained are found to be in general agreement with [9], which stated that the specific gravity of solids in peat and organic 

soils is greater than 1 and increases with an increasing mineral content. However, once the Sarawak peat was treated with 

heat, the specific gravity was observed to be decreasing gradually with the increasing of temperature as plotted in Figure 3. 

 
 

Figure 2 Liquid limit with temperature for Sarawak peat Figure 3 Specific gravity with temperature for Sarawak peat 

 

 

Figure 4 Organic content (OC) with temperature for Sarawak peat 
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Figure 5 Dry density vs. Optimum moisture content for Sarawak peat 

The organic content (OC) of peat is best determined from the loss on ignition (N). The equation by [11] is used to obtain 

the organic content of Sarawak peat. From the results obtained, the Sarawak peat has a high organic content of more than 

90%. The percentage of organic content as effect of heat treatment can be seen in Figure 4. An increasing of temperature up 

to 400°C, the value for the organic content, (OC) also increases gradually, which caused by the increasing percentage of 

burnt compound in the samples. 

The optimum moisture content and maximum dry density for Sarawak peat were obtained from the compaction test. The 

results show that the maximum dry density increases with decreases of the optimum moisture content. This relationship is 

clearly illustrated in Figure 5. The samples treated above 200°C were not tested as it was not suitable for the testing due to 

higher ash content. For treated sample, the dry densities are found to be higher than the original sample due to the loss of 

organic content when subjected to heat. 

III. EMPIRICAL CORRELATIONS OF SARAWAK PEAT 

Further analyses were performed by relating the results of the basic properties of Sarawak peat. This has been suggested 

by [12] that the convenient way is to relate the basic properties of soils to some of the easily determined index parameters 

such as water content, organic content or liquid limits. Figure 6 shows the relationship between the liquid limits with the 

moisture content for the current study and other published work. The liquid limit (LL) of Sarawak peat in this study was 

found to be about 0.33 wN, and the empirical equation could be written as in Eqn. (1). This empirical relationship obtained 

for Sarawak peat is lower than the fen peats reported by [12] where LL is about 1.18 wN. The [12] empirical relationship was 

in agreement with West peat (Selangor and Negeri Sembilan) however not for Sarawak peat. This may due to the percentage 

of peat fiber content in both locations; most of West peat is categorized under fibric peat (H1-H3) while the Sarawak peat 

falls under hemic types. Thus, higher empirical value for fibric peat is expected. Figure 7 illustrates the organic content with 

natural water content. The natural water content was found to range from 200% to 850% and with organic content varies 

from 78% to more than 95%. The correlations of water content-organic content of Sarawak peat could be written; 

OC = 0.0074 (wN) + 86 as in Eqn. (2). The specific gravity of Sarawak peat ranges from 1.10 to 1.70. Figure 8 and Figure 9 

showed the empirical correlation of the specific gravity (Gs) between moisture content (wN) and organic content (OC) of 

Sarawak peat with other published works. It is well determined that specific gravity of Sarawak peat decreases with an 

increasing of moisture content and organic content, respectively. However, the Sarawak peat has a different trend than that 

of the Selangor and Negeri Sembilan peats as it comprises only the Hemic group peat compared to the other two states, 

which consist of wider groups ranging from Fibric (H1-H3) to Sapric (H7-H10) peats. Both correlations could be determined 

by using Eqn. (3) and Eqn. (4), respectively. 

 Liquid Limit-Moisture Content relationship, LL = 0.33 wN (1) 

 Organic Content-Moisture Content relationship, OC = 0.0074 (wN) + 86 (2) 

 Specific gravity-Moisture Content relationship, Gs = 0.19 ln (wN) + 2.7 (3) 

 Specific gravity-Organic Content relationship, Gs = -2.36 ln (OC) + 12.14 (4) 
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Figure 6 Moisture content - liquid limit correlations for Sarawak peat and other published works 

 

Figure 7 Moisture content – organic content correlations for Sarawak peat and other published works 

 

Figure 8 Relationship between moisture content and specific gravity for Sarawak peat and other published works 

LL = 0.33wN

LL = 1.18wN [12]

LL = 0.64wN

0

100

200

300

400

500

600

700

800

0 200 400 600 800 1000

L
iq

u
id

 L
im

it
, 

L
L

 (
%

)

Natural Moisture Content, wN (%)

Sarawak Peat Selangor [13] N Sembilan [13]

OC = 0.0074wN + 86

50

60

70

80

90

100

110

0 200 400 600 800 1000

O
rg

n
an

ic
 C

o
n
te

n
t,

 O
C

 (
%

)

Natural Moisture Content, wN (%)

Sarawak Peat Selangor [13] N Sembilan [13]

Gs = (0.19)ln(wN) + 2.7 

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0 200 400 600 800 1000

S
p

ec
if

ic
  

G
ra

v
it

y
, 

G
s

Natural Moisture Content, wN (%)

Sarawak Peat Selangor [13] N Sembilan [13]



UNIMAS e-Journal of Civil Engineering 

 11 

The compression index, Cc is sometimes approximately estimated by empirical equations relating Cc to some simple 

index property of the soil. This compression index is determined and used for the estimation of preliminary settlement [14]. 

Many researchers [15] – [21] have presented the empirical models relating various index properties to the compression 

index. Some of the empirical correlations of compression index to various index properties are shown in Table 2. The range 

of compression index that interest to know which, proposed by researchers are Cc values of 0.2 to 0.5 for normally 

consolidated, medium to sensitive clays, organic clays may have Cc values exceeding 4 and followed by peat with Cc values 

of 10 to 15 [19]. In this paper, an empirical equation proposed by [18] is chosen for determination compression index of 

Sarawak peat. The comparisons of compression index between non-treatments with heat treatment are tabulated in Table 3 

and Table 4. Table 3 shows the compression index, Cc values for non-treated Sarawak peat varies from 5 to 11. However, 

the results indicated that the heat treatment caused reduction in compression index, Cc of Sarawak peat significantly; with 

the value ranges from 3 to 4 (refer Table 4). This can conclude that, the compression index, Cc by heat-treatment is 

approximately 3 times compared with non-treated compression index rates. 

 

Figure 9 Relationship between specific gravity and organic content for Sarawak peat and other published works 

 

Table 2 Some Empirical Models for Compression Index (Cc) 

Empirical Model Descriptions Reference 

Cc = 0.007 (LL – 7) Remolded clays [15] 

Cc = 0.009 (LL – 10) Undisturbed clays (low to medium sensitivity [16] 

Cc = 0.0115 wN Organic Soils and peat [18] 

Cc = 0.008 (LL – 12) 
Remolded soils [19] 

Cc = 0.014 (PI + 3.6) 

Cc = 0.332 LL – 0.390 Disturbed clays [21] 

 

Table 3 Compression Index of non-treated Sarawak peat 
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Matang 1 
594 7 
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Table 4 Compression Index of heat-treatment of Sarawak peat 

Sarawak Peat Heat Treatment Liquid Limit (LL) Compression Index, Cc 

Matang 1 
Treated at 100°C 188 3.7 

Treated at 200°C 159 3.1 

Matang 2  
Treated at 100°C 193 3.8 

Treated at 200°C 186 3.6 

Bt. Kawa 
Treated at 100°C 198 3.9 

Treated at 200°C 175 3.4 

Samarahan 
Treated at 100°C 165 3.2 

Treated at 200°C 150 2.9 

IV. CONCLUSIONS 

The empirical correlations between organic content with natural moisture content, liquid limit and specific gravity of 

Sarawak peat are presented. The Sarawak peat consists of high organic content ranges from 89% to more than 95% with 

moisture content ranges from 426% to 926%. Further comparison of compression index, Cc between non-treated and treated 

with heat treatment for Sarawak peat, the Cc values showed significantly reduction when subjected to high temperature. The 

Cc values obtained show an agreement with other published works. However, further laboratory and field investigation of 

peat throughout Sarawak are required for more comprehensive empirical correlation study on Sarawak peat. 
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