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1. Introduction 
Peat is a form of organic soil that exists in swampy and wetlands areas, and it is comprised of a heterogeneous 

mixture of partially degraded plant remnants preserved by a high-water table [1]. Peatlands are being developed all 
over the world, including Malaysia, which has 2.4 million hectares of peatland and 1.65 million hectares in Sarawak 
alone [2]. Due to the massive volume of peatland area in Sarawak, infrastructure development has been through a lot of 
difficulties. Also, peat’s physical and geotechnical properties are extremely difficult to determine as it exhibits high 
levels of permeability, porosity ratio, compressibility, and consolidation settlement. Zainorabidin & Muhammad [3] 
classified peat for the entire country of Malaysia as essential knowledge to improve understanding on behaviour of peat 
soil in tropical conditions. Kolay & Pui [4] focused on identifying peat using various index properties and determined 
the correlation between various index properties as it is useful for researchers and engineers dealing with peat soil. In 
addition, the properties of peat vary according to its locality due to several components, such as temperature, humidity, 
fibre composition, and climate, which may lead to different outcomes when improving the peat soil [5]. Hence, it is 
necessary to consider these factors in improving the intensity of peat soil since it is a major concern that frequently 
occurs in construction projects and the development of infrastructure. 

In the literature, several researchers have reported the correlation between peat soils' index properties according to 
their locality. Some researchers evaluated the relationship between numerous physical and geotechnical characteristics 

Abstract: The present study focuses on the physical properties of Sarawak peat soil and identifies the correlation 
between the index properties of peat from the present study and various locations in Malaysia. The physical 
properties of peat from the present study were obtained on site and in the laboratory, including degree of 
humification, moisture content, organic content, fibre content, specific gravity, liquid limit, linear shrinkage, and 
pH. The data obtained in this study and other tropical peats in Malaysia were compiled to identify their correlations. 
The correlation results reveal that with an increase in organic content, there is also an increase in value of moisture 
content, while the value of specific gravity reduces. Furthermore, as the bulk density of peat increases, the value of 
organic content reduces. Also, the moisture content, organic content, and fibre content of peat decrease with the 
increasing value of degree of humification. The correlations between different peat soil index properties have R2 
values ranging from 0.75 to 0.85, showing that the peat soil index properties are consistent with findings from 
previous studies, in which comparable trends are found. Thus, these correlations are expected to be useful for 
researchers and engineers to understand the peat soil's preliminary behaviour. 
 
 
Keywords: Correlation, peat soil, index properties 

 

http://penerbit.uthm.edu.my/ojs/index.php/ijie


Mahyan et al., Int. Journal of Integrated Engineering Vol. 15 No. 6 (2023) p. 23-31 

 24 

of peat soils. However, there are limited data on the correlation between the index properties of peat in the entire 
Malaysia as different localities have varying physical and geotechnical properties. Hence, this study focuses on 
Sarawak peat soil’s physical properties, as well as identifies the correlation between the index properties of peat from 
the present study and various locations in Malaysia. Thus, the correlations obtained in this study are expected to be 
useful for researchers and geotechnical engineers to understand the peat soil's preliminary behaviour. 

 
2. Material and Methods 

Fig. 1 shows the location of peat soil samples obtained at Kota Samarahan, Sarawak, Malaysia, at the coordinates 
of 1°26’31.1” N, 110° 28’54.3” E. The sampling area is surrounded by pineapple farm and considered to have less 
development, potentially due to the existence of peat soil in the area. Peat samples were extracted, and the thickness of 
the peat layer was established using a peat auger equipment. The peat layer was located at depths of 0.10 to 1.50 m 
below the ground surface and is considered a potential threat to proposed building or roadway construction projects. 
The peat samples were then collected in bulk and sealed in two layers of plastic bags to prevent moisture loss from the 
samples. Next, the Von Post classification test was performed at the site as shown in Fig. 2 by squeezing the peat in 
hand. Fig. 3 shows the oven dried peat sample after being placed in muffle furnace to determine its organic content and 
Fig. 4 shows the oven dried peat fibres to obtain the fibre content of peat samples. 
 

 
Fig. 1 - Location of peat sampling 

 

 
Fig. 2 - Squeezing of peat 
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Fig. 3 - Oven dried sample after being placed in muffle furnace 

 

 
Fig. 4 - Oven dried peat fibres 

 
The index properties for various locations in Malaysia are presented in Table 1. From these data, correlation 

graphs between the index properties of peat from the present study and various locations in Malaysia were produced to 
identify which influential relationship parameters are useful in understanding the characteristics of peat in a tropical 
region.  
 

Table 1 - Index properties of peat in Malaysia 

Location References 
Organic 
Content 

(%) 

Fibre 
Content 

(%) 

Degree of 
Humification 

Specific 
Gravity 

Moisture 
content (%) 

Sabah Peat 
[3] 95.51 79.4 H6 1.28 461.65 
[6] 95.82 76.85 H7 1.25 985.4 
[7] 65.22 70.97 H6 1.34 713.35 

Sarawak 
Peat 

[8] 95.96 65.93 H4 1.17 587.15 

[9] 
85.67 65 H3 1.45 620.14 
80.79 84.91 H4 1.35 519.98 
85.1 63.45 H3 1.45 620.14 

[10] 78.88 63.45 H5 1.62 473.7 
66.6 61.4 H6 1.64 360.72 

[11] 

66.6 61.4 H6 1.64 360.72 
80.85 63.55 H4 1.56 623.76 
85.1 65 H3 1.45 620.14 

42.53 31.98 H7 1.82 605.63 
78.88 63.45 H5 1.62 473.7 
82.4 67.25 H4 1.48 787.04 

Peninsular 
Malaysia 

Peat 
 

[12] 80.32 40.51 H6 1.33 676.3 
[12] 94.43 36.39 H5 1.24 735.45 
[13] 78.77 40.97 H6 1.34 710.44 
[14] 86.24 - H5 1.56 546.43 
[15] 83.6 - H6 1.48 236.31 
[16] 93.93 63.77 - 1.46 - 
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[17] 95.44 57.58 - 1.27 784.4 
[18] 98.5 49 - 1.44 659 
[17] 95.72 60.6 - 1.19 964.5 
[19] 96.4 - H5 1.35 747.37 
[20] 80-96 62 H6 1.38 460 
[13] 76.55 43.65 H5 1.29 898.91 
[21] 97 90 - 1.47 608 
[3] 91.36 55 H6 1.14 472 

[22] 65-95 - H5 1.38-1.7 - 
[1] 70-80 31-77 - 1.42-1.56 - 

 
3. Results and Discussions 
3.1 Physical Properties 

Table 2 presents the results of physical properties tests on peat soil samples. On the Von Post scale, the sample of 
peat soil is categorized as having a degree of humification of H8 (sapric). The peat’s natural moisture content was 
1118.19%, which was in a range of 200-2207% for East Malaysia peat [5]. Due to its natural water-holding capability, 
peat has a high natural moisture content, making it incredibly soft and sensitive. As a result, the plastic limit of peat 
cannot be determined since its plasticity does not provide insight into its characteristics and the calculation of Atterberg 
limits is complicated by the presence of fibres [2]. The organic content of peat was calculated by measuring its ignition 
loss at 450°C as a percentage of its oven-dried mass at 105°C, resulting in a value of 75.88%. According to ASTM D 
2607-69 [23], the sample can be classified as peat soil as its organic content was greater than 75%. The results 
demonstrate that the peat sample had a fibre content of 22.19%, revealing that it is sapric peat with greatly degraded 
components and has the highest organic content and bulk density compared to other types of peat [24]. The specific 
gravity of peat soil obtained was 1.28, which was in a range of 1.25-2.97 for East Malaysia peat [5]. The liquid limit of 
peat was 628.13%, which shows that its liquid limit increases with an increase of natural moisture content and organic 
content. The shrinkage limit was determined to be 13.33%, signifying that when the soil-water mixture is below this 
value, it is no longer saturated, and its volume does not continue to decrease as it dries [25]. Lastly, the peat sample was 
identified as acidic because it had a pH value of 4.25. Peat soil in the tropics is often acidic, and pH values less than 4.5 
are considered as highly acidic [23]. 

 
Table 2 - Physical properties of Kota Samarahan peat soil 

Physical Properties and Methods Values 
Degree of Humification, DoH 

Von Post [26] H8 

Natural Moisture Content, w (%) 
BS1377: Part 2 [27] 1118.19 

Organic Content, OC (%) 
BS1377: Part 3 [27] 75.88 

Fibre Content, FC (%) 
ASTM D1997-91 [28] 22.19 

Specific Gravity, Gs 
BS1377: Part 2 [27] 1.28 

Liquid Limit, LL (%) 
BS1377: Part 2 [27] 628.13 

Linear Shrinkage, Ws (%) 
BS1377: Part 2 [27] 13.33 

pH 
BS1377: Part 3 [27] 4.25 

 
3.2 Correlation Between the Index Properties of Peat 

This section establishes and presents the correlation between the peat index properties. Fig. 5 illustrates the 
correlation between peat’s organic content and moisture content. The natural moisture contents ranged from 150 to 
1100%, with the organic content ranging from 40 to 100%. The organic content of the peat increases with an increase 
in moisture content. The trend of the relationship matches with the previous correlations on organic content and 
moisture content reported in the literature [29]. The correlation between organic content and moisture content can be 
written as Eq. (1), and the correlation shows that the R2 value is 0.80, which is reasonably good. 
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5 28 10 0.1406 34.605OC w w−= − × + +  (1) 
 

 
Fig. 5 - Correlation between organic content and moisture content 

 
Fig. 6 presents the correlation between peat’s moisture content and its degree of humification, as determined by the 

Von Post scale. There are no reported correlations in the literature between peat’s moisture content and its degree of 
humification. The result reveals that as the degree of humification increases, the peat’s moisture content decreases. 
According to the Von Post classification, peats categorised in the H1 to H3 range have the highest natural moisture 
content compared to peat categorised in the H7 to H10 range. According to Moayedi et al. [30], fibrous peat in the H1 
to H3 range has a very high water-holding capability, making it the most difficult peat for engineers to work with. The 
R2 value of the correlation between peat’s moisture content and degree of humification is 0.84, and the correlation can 
be written as Eq. (2). 

 
88.11 905.3w DoH= − +  (2) 

 

 
Fig. 6 - Correlation between moisture content and degree of humification 

 
Fig. 7 plots the correlation between peat's organic content and its degree of humification, as determined by the Von 

Post scale. There are no published studies that show a correlation between peat’s organic content and its degree of 
humification. Organic contents were found in the range of 60-100%, where the highest organic content is peat with H1-
H3 degree of humification. The result shows that the organic content decreases as the degree of humification higher. As 
the organic content increases with an increase in natural moisture content, peats in the H1 to H3 range which have the 
highest natural moisture content contribute to the decreasing trend in degree of humification [31]. The R2 value of 
correlation between peat’s organic content and its degree of humification is 0.82, and the correlation can be written as 
Eq. (3). 
 

3 20.9392 18.114 117.15 330.02OC DoH DoH DoH= − + − +  (3) 
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Fig. 7 - Correlation between organic content and degree of humification 

 
Fig. 8 shows the correlation between peat’s fibre content and its degree of humification, as determined by the Von 

Post scale. There are no published correlations between peat’s fibre content and its degree of humification. The results 
reveal that as the degree of humification increases, the fibre content decreases. According to Jarrett [32] and IKRAM 
[33], fibric peat is mostly undecomposed peat with more than 67% fibre content on the H1 to H3 scale, whereas hemic 
peat is moderately decomposed peat on the H4 to H6 scale, and sapric peat on the H7 to H10 scale is highly 
decomposed peat with less than 33% fibre content. The correlation between peat’s fibre content and its degree of 
humification can be written as Eq. (4), and the correlation shows that the R2 value is 0.85, which is quite good. 
 

12.618 131.36FC DoH= − +  (4) 
 

 
Fig. 8 - Correlation between fibre content and degree of humification 

 
Fig. 9 presents the correlation between peat’s specific gravity and its organic content. The peat’s specific gravity 

ranges from 1.1 to 2.0, which is a typical range of specific gravity values for peat in Malaysia. The specific gravity of 
peat is known to decrease as the organic content of the peat increases. Peat with an organic content of 75% or more has 
a specific gravity ranging from 1.3 to 1.8 [34]. Huat et al. [35] discovered that a higher specific gravity value indicated 
a greater degree of decomposition, contributing to the decreasing trend in the organic content. The correlation 
developed in the present study matches well with similar correlations reported in the literature [36]. The R2 value of the 
correlation between peat’s specific gravity and its organic content is 0.82, and the equation can be written as Eq. (5). 
 

20.0001 0.0052 1.7765sG OC OC= − + +  (5) 
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Fig. 9 - Correlation between specific gravity and organic content 

 
Fig. 10 illustrates the correlation between the peat’s organic content and bulk density. The result reveals that as 

peat’s organic content decreases, its bulk density increases. The organic content can increase the ability of peat to hold 
water, but as the compaction increases the bulk density, the water holding capacity is reduced. Thus, low water holding 
capacity contributes to lower organic content. The developed correlation is consistent with similar correlations reported 
in the literature [29]. The correlation shows that the R2 value is 0.75, and the correlation is presented in Eq. (6). 
 

137.08 199.32OC ρ= − +  (6) 
 

 
Fig. 10 - Correlation between organic content and bulk density of peat 

 
4. Conclusion 

Based on the findings, the following conclusions can be drawn: 
• Seven correlations were developed among moisture content (w), organic content (OC), degree of humification 

(DoH), specific gravity (Gs), and bulk density (ρ) and the newly obtained correlations were compared to previously 
published correlations. 

• As the organic content increases, the value of moisture content also increases, while the value of specific gravity 
decreases. The R2 values are 0.80 and 0.82, respectively, as can be observed from the correlations. 

• The value of organic content decreases, as the bulk density of peat increases. The R2 value for the correlation is 
0.75, which is a reasonable result.  

• Peat’s moisture content, organic content, and fibre content decrease with the increasing value of degree of 
humification. Also, the R2 values for the correlation are 0.84, 0.82, and 0.85, respectively, which is a decent result. 
The correlations between different peat soil index properties have R2 values ranging from 0.75 to 0.85, showing 

that the peat soil index properties are consistent with findings from previous studies, in which comparable trends are 
found. 
 
 
 



Mahyan et al., Int. Journal of Integrated Engineering Vol. 15 No. 6 (2023) p. 23-31 

 30 

Acknowledgement 
The authors would like to thank Universiti Malaysia Sarawak (UNIMAS) for providing the funding for this 

investigation (Project ID: C09/SGS/1940/2019). 
 

References 
[1] Kalantari B. (2013). Civil engineering significant of peat. The Global Journal of Researches in Engineering: Civil 

and Structural Engineering, 13(2-E), 25-28.  
[2] Zainorabidin A. & Wijeyesekera D. C. (2008). Geotechnical characteristics of peat. Proceedings of the Advances 

in Computing and Technology 3rd Annual Conference, pp. 71-78. 
[3] Zainorabidin A. & Mohamad H. M. (2017). Engineering properties of integrated tropical peat soil in Malaysia. 

Electronic Journal of Geotechnical Engineering, 22(2), 457-466. 
[4] Kolay P. K. & Pui M. P. (2010). Peat stabilization using gypsum and fly ash. Journal of Civil Engineering, 

Science and Technology, 1(2), 1-5. 
[5] Huat B. B. K. (2004). Organic and peat soils engineering. Universiti Putra Malaysia Press. 
[6] Makinda J., Gungat L., Rao N. S. V. K. & Sulis S. (2018). Compressibility behaviour of borneo tropical peat 

stabilized with lime-sand column. International Journal on Advanced Science, Engineering, and Information 
Technology, 8, 172. 

[7] Zainorabidin A. & Mohamad H. M. (2016). A geotechnical exploration of Sabah peat soil: Engineering 
classifications and field surveys. Electronic Journal of Geotechnical Engineering, 21(20), 6671-6687. 

[8] Rahman Z. A., Sulaiman N., Rahim S. A., Idris W. M. R. & Lihan T. (2016). Effect of cement additive and curing 
period on some engineering properties of treated peat soil. Sains Malaysiana, 45(11), 1679-1687. 

[9] Aminur M. R., Kolay P. K. & Taib S. N. L. (2009). Effect of admixtures on the stabilization of peat soil from 
Sarawak. Indian Geotechnical Conference, 1, 410-414. 

[10] Aminur M. R., Kolay P. K., Taib S. N. L., Mohd Zain M. I. S. & Kamal A. A. (2011). Physical, geotechnical, and 
morphological characteristics of peat soils from Sarawak. Institute Engineering Malaysia, 72(4), 5. 

[11] Kolay P., Kumar S. K. P. & Tiwari D. (2013). Improvement of bearing capacity of shallow foundation by using 
geogrid reinforced double layered soil. Journal of Construction Engineering, 293809. 

[12] Zainorabidin A. & Mohamad H. M. (2015). Pre- and post-cyclic behavior on monotonic shear strength of Penor 
peat. Electronic Journal of Geotechnical Engineering, 20(16), 6927-6935. 

[13] Zolkefle S. N. A., Zainorabidin A. & Mohamad H. M. (2015). The characteristics of Pontian peat under dynamic 
loading. Proceedings of the International Civil and Infrastructure Engineering Conference 2014, Springer, 487-
499. 

[14] Saedon N. (2016). Comparative study of the shrinkage characteristics of peat at Southeast Johore. PhD Thesis, 
Universiti Tun Hussein Onn Malaysia. 

[15] Roslan M. A. M., Mohamad M. A. N. & Omar S. M. (2017). High quality DNA from peat soil for metagenomic 
studies a minireview on DNA extraction methods. Science Heritage Journal, 1(2), 1-6.  

[16] Sule H. A., Ismail A. & Amal M. N. A. (2016). A review of the Ichthyofauna of Malaysian peat swamp 
forest. Pertanika Journal of Tropical Agricultural Science, 39(4), 421-458. 

[17] Basiron Y. & Foong-Kheong Y. (2015). Land use impacts of the livestock and palm oil industries. Journal of Oil 
Palm, Environment and Health, 6, 1-9.  

[18] Zhou Y., Chen L., Lu P., Tang X. & Lu J. (2011). removal of bisphenol a from aqueous solution using modified 
fibric peat as a novel biosorbent. Separation and Purification Technology, 81(2), 184-190.  

[19] Jeffary A. V., Ahmed O. H., Heng R. K. J., Choo L. N. L. K., Omar L., Musah A. A. & Abdu A. (2021). Nitrous 
oxide emissions in pineapple cultivation on a tropical peat soil. Sustainability, 13(9), 4928.  

[20] Zainorabidin A. & Bakar I. (2003). Engineering properties of in-situ and modified hemic peat soil in Western 
Johor. Proceedings of 2nd International Conference on Advances in Soft Soil Engineering and Technology, pp. 
173-182. 

[21] Gofar N. & Sutejo Y. (2007). Long term compression behavior of fibrous peat. Malaysian Journal of Civil 
Engineering, 19(2), 104-116. 

[22] Kaniraj S. R. & Joseph R. R. (2006). Geotechnical behavior of organic soils of North Sarawak. Proceeding of 4th 
International Conference on Soft Soil Engineering, Vancouver, Canada, pp. 267-274. 

[23] ASTM D2607-69 (1990). Classification of peats, mosses, humus, and related products. ASTM Standards. 
[24] Huat B. B., Prasad A., Asadi A. & Kazemian S. (2019). Geotechnics of organic soils and peat. CRC press, pp 13-

118. 
[25] Adon R., Bakar I., Wijeyesekera D. C. & Zainorabidin A. (2012). Overview of the sustainable uses of peat soil in 

Malaysia with some relevant geotechnical assessments. International Journal of Integrated Engineering, 4(3), 38-
46. 

[26] Von Post L. (1922). SGU peat inventory and some preliminary results. Sweden, pp. 1-37. 
[27] BS 1377 P. 1-3 (1990). Soils for civil engineering purposes. British Standards Institution. 



Mahyan et al., Int. Journal of Integrated Engineering Vol. 15 No. 6 (2023) p. 23-31 

 31 

[28] ASTM D. 9 (1996). Standard test method for laboratory determination of the fiber content of peat samples by dry 
mass. ASTM Standards. 

[29] Kolay P. K., Aminur M. R., Taib S. N. & Zain M. M. (2010). Correlation between different physical and 
engineering properties of tropical peat soils from Sarawak. Proceeding of GeoShanghai 2010 International 
Conference on Soil Behavior and Geo-Micromechanics, pp. 56-61. 

[30] Moayedi H., Nazir R., Kazemian S. & Huat B. K. (2014). Microstructure analysis of electrokinetically stabilized 
peat. Measurement, 48, 187-194. 

[31] Raghunandan M. E. & Sriraam A. S. (2017). An overview of the basic engineering properties of Malaysian peats. 
Geoderma Regional, 11, 1-7.  

[32] Jarret P. M. (1995). Site investigation for organic soils and peat. JKR Document 20709-0341-95. Public Works 
Department Malaysia, pp. 4-16. 

[33] IKRAM (1995 ). Geoteknik bangunan. Volume 1. Institut Kerja Raya Malaysia.  
[34] Ajlouni M. A. (2000). Geotechnical properties of peat and related engineering problems. PhD Thesis, University 

of Illinois. 
[35] Huat B. B., Kazemian S., Prasad A. & Barghchi M. (2011). State of an art review of peat: General perspective. 

International Journal of Physical Sciences, 6(8), 1988-1996.  
[36] Huat B. B., Asadi A. & Kazemian S. (2009). Experimental investigation on geomechanical properties of tropical 

organic soils and peat. American Journal of Engineering and Applied Sciences, 2(1), 184-188. 
 
 
 
 


