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ABSTRACT 

 

Peat soil is one of the problematic soils known for being extremely soft and weak. 

However, ground improvement techniques can be opted to improve the strength of peat soil. 

There are various methods of ground improvement technique including chemical stabilization 

method. Since peat has a high organic and fiber content and acidic, it is difficult to achieve 

the expected strength after chemical stabilization. Due to that, the aim of this study is to 

improve the compressive strength of amorphous peat through pretreatment and by using the 

most efficient chemical stabilizers. In this study, peat samples were collected from Kpg 

Meranek, Kota Samarahan and mixed at its natural moisture content with cement and fly ash 

plus lime at water to additive ratio of 3.0 and 3.5. The compressive strength of the samples 

was obtained by unconfined compressive strength (UCS) test. The results of the study have 

shown that the unconfined compressive strength values obtained after 28 days and 60 days 

curing period are insignificant. The peat samples that are pretreated and chemically stabilized 

using cement at 3.0 water to additive ratio recorded the highest value with UCS value of 

16.042 kPa after 60 days of curing. The values obtained are very low compared to published 

data from other studies. However, the pretreated chemically stabilized peat samples have 

shown strength development compared to original peat samples without pretreatment and 

chemical stabilizers. 
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ABSTRAK 

 

Tanah gambut merupakan salah satu daripada tanah bermasalah yang terkenal sebagai 

sangat lembut dan lemah. Walau bagaimanapun, teknik penambahbaikan tanah boleh dipilih 

untuk meningkatkan kekuatan tanah gambut. Terdapat pelbagai kaedah teknik 

penambahbaikan tanah termasuk kaedah penstabilan kimia. Memandangkan gambut 

mempunyai kandungan organik dan serat yang tinggi dan berasid, sukar untuk mencapai 

kekuatan yang diharapkan selepas penstabilan kimia. Oleh sebab itu, tujuan kajian ini adalah 

untuk meningkatkan kekuatan mampatan tanah gambut amorfus melalui rawatan awal dan 

dengan menggunakan kimia penstabil yang paling berkesan. Dalam kajian ini, sampel tanah 

gambut telah dikumpulkan dari Kampung Meranek, Kota Samarahan dan dicampurkan pada 

kandungan kelembapan semula jadi dengan simen dan abu terbang ditambah kapur dengan 

nisbah sebanyak 3.0 air terhadap 3.5 bahan tambahan. Kekuatan mampatan sampel telah 

diperolehi dengan ujian kekuatan mampatan tidak terkurung (UCS). Hasil kajian telah 

menunjukkan bahawa nilai kekuatan mampatan tidak terkurung yang diperolehi selepas 28 

hari dan 60 hari tempoh pengawetan adalah tidak penting. Sampel tanah gambut yang telah 

dirawat awal dan dikimiastabilkan menggunakan simen pada nisbah 3.0 air terhadap bahan 

tambahan mencatatkan nilai tertinggi dengan nilai UCS sebanyak 16,042 kPa selepas 60 hari 

pengawetan. Nilai-nilai yang diperolehi adalah sangat rendah berbanding data yang 

diterbitkan dari kajian lain. Walau bagaimanapun, sampel tanah gambut yang telah dirawat 

awal dan dikimiastabilkan telah menunjukkan pembangunan kekuatan berbanding sampel 

gambut asal tanpa rawatan awal dan kimia penstabil. 
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CHAPTER 1 

 

 

INTRODUCTION 
 

 

1.1 Background of the study 

 

Peat soil is one of the problematic soils known for being extremely soft and 

weak. It is also highly compressible and has a low bearing capacity. Due to its 

characteristics, peat soil is susceptible to excessive settlement when even moderate load 

increment is subjected to it (Huat et al. 2005). Consequently, it is considered as difficult 

ground conditions where construction of civil engineering structures can be quite 

challenging and tedious. Thus, constructions on peat or any other weak soil are usually 

avoided as much as possible to prevent any structure collapse or failure and to reduce 

the risk of harming people’s lives. 

Peat covers an extensive area around the world with Malaysia being the 9
th

 

country with the highest total area of peat (Adon et al. 2012); having peatland area of 

about 2.5 million ha (8%) of total land around the world as shown in Figure 1.1. 

According to Davies et al. (2010), the largest area of peat is located in Sarawak with 

about 1.7 million ha (69%), followed by Peninsular Malaysia with about 0.6 million ha 

(26%), then Sabah with about 0.1 million ha (5%). Since Sarawak holds the largest area 

of peat in Malaysia, construction on peat soil could not be avoided especially with the 

increasing demand of land due to development. Hence, ground improvement techniques 

are opted to improve the strength of peat soil. 
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Figure 1.1: Global Peatland Distribution (Joosten, 2009) 

 

There are various methods of ground improvement technique such as 

displacement and replacement method, preloading and surface reinforcement, deep 

stabilization method, pile support method, chemical stabilization, lightweight fill 

method and others (Huat et al. 2014). These methods are relatively expensive with 

chemical stabilization being the least expensive method to stabilize peat. 

There are many researches on chemical stabilization of peat using different types 

of chemical stabilizers or additives to modify the geotechnical properties of peat and to 

increase its strength. Some of the researches are stabilization of peat using cement 

(Aminur et al. 2009; Boobathiraja et al. 2014; Huat et al. 2005; Kazemian et al. 2011; 

Sing et al. 2009b); fly ash (Kolay & Pui 2010; Rahman & Kolay 2011); lime 

(Boobathiraja et al. 2014; Huat et al. 2005) and combined additives (Aminur et al. 2009; 

Kalantari & Huat 2010; Kolay & Aminur 2011; Said & Taib 2009; Sing et al. 2009a) 
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1.2 Problem Statement 

 

The stability of a structure depends on the stability of its foundation or the 

ground. It is crucial that the strength of the ground is sufficient to withstand the loads 

subjected to it. Soft or weak soils such as peat or any other organic soils are usually 

excavated and replaced with soil of a higher strength prior to construction or building of 

civil engineering structures. According to Huat et al. (2005), although the constructions 

of structures on peat soil are possible with the use of piles, the ground around the 

structures may still settle as shown in Figure 1.2.  

 

 

Figure 1.2: Typical section of a housing estate on peat (a) Immediately after completion 

of construction (b) Several years after completion of construction (Huat et al. 2005) 

 

There are few cases of excessive settlement in Sarawak such as settlement at 

housing area and commercial lot in Sibu as shown in Figure 1.3 and Figure 1.4. 



4 
 

      

 

Figure 1.3: Settlement at housing area in Sibu, Sarawak (Adon et al. 2012; Kolay et al. 

2011) 

 

Figure 1.4: Ground settlements at commercial lot in Sibu, Sarawak (Kolay et al. 2011) 

 

In Sarawak, the construction on peat soil could not be avoided due to its 

extensive area of peatlands and limitation of land with stronger soil.  Replacing peat soil 

with any stronger types of soil can be quite expensive due to the large area of peat. 
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Therefore, ground improvement techniques are implemented as a solution to provide 

stronger foundations. Chemical stabilization is one of the techniques that have been 

garnering attention as this method was often successfully used to treat peat soil and the 

least expensive method to stabilize peat (Kolay et al. 2011). 

However, peat has a high organic and fiber content and also acidic with pH 

levels as low as 3.5 (Davies et al. 2010) thus making it difficult to achieve the expected 

strength after chemical stabilization. The low pH level is caused by the high humic and 

fulvic acid content resulted from the humification of the plant remains (Lam, 1998).  

According to Cook et al. (1998), humic acids are soluble in water under alkali 

condition while fulvic acids are soluble in water at both acidic and alkali condition. 

Thus, Kolay et al. (2011) used sodium hydroxide which is an alkali to reduce the acidity 

of peat prior to chemical stabilization of peat with different chemicals. From the study, 

the peat samples that were treated with sodium hydroxide showed better results than the 

untreated peat.  

Fly ash is one of the additives that are often used in the studies of chemical 

stabilization of soil. It is produced from burning of coal ash or industrial wastes. The 

abundance production of fly ash can actually contribute to pollution. Therefore, utilizing 

fly ash in chemical stabilization of peat can be a mean of reducing the pollution. 
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1.3 Aim and Objectives of the Study 

 

The aim of this study is to improve the compressive strength of amorphous peat 

by pretreating it with suitable alkali and by using the most efficient chemical stabilizers. 

The specific objectives of this study are: 

i. to analyse the geotechnical properties of pretreated chemically stabilized 

peat via UCS test, 

ii. to compare the effect of various water to additive ratio on the pretreated 

chemically stabilized peat, 

iii. to compare the UCS values between untreated chemically stabilized peat, 

and pretreated chemically stabilized peat. 

 

 

1.4 Scope of the Study  

 

This study concentrates on chemical stabilization of pretreated amorphous peat 

obtained from Kota Samarahan, Sarawak. The peat shall be pretreated using suitable 

alkali and chemically stabilized using the most efficient chemical stabilizers. An 

analysis of previous studies from other researchers has been done in order to choose 

suitable alkali and the most efficient chemical stabilizer with optimum mixing quantity. 

The peat shall be pretreated and chemically stabilized in a laboratory condition while 

maintaining the moisture content of the original peat sample. Therefore, the water to 

additive ratio will vary in the mixing. The geotechnical properties of the peat such as 

moisture content, specific gravity and dry density will be determined and utilized in 

performing the stabilization. The strength of the pretreated and chemically stabilized 

peat will be determined through Unconfined Compressive Strength (UCS) test. 

 

 

 

 


