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Abstract - Peat soil exists in various parts in the world and it's known as problematic soil because it has high compressibility 
and low shear strength which is not suitable for construction. Removing the soil and replace it with another type is not feasible 
as well as it's costly. Therefore, an agent material should be used for soil improvement to increase the shear strength and reduce 
the settlement. Soil stabilization by lime is a cheap and common method that has been used for ground improvement. This 
paper presents a study on peat stabilization with the objective to improve the stability of soft soil by increasing the shear 
strength and reduce settlement with lime. Peat soil sample were taken from Taman Melati, Perlis and have been treated and 

tested with different percentages of lime. The changes in soil properties were compared with untreated peat samples. Plaxis 
software analysis showed that with the increase of percentages of lime, the deformation of treated peat soil can be reduce. 
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I. INTRODUCTION 

 

One of the most important criteria to construct on soft 

soil is known as stabilization of soil when the stability 

of structure can be affected by the stability of ground. 

Factors such as location and groundwater table will 

define the various types of soil. For this research, peat 

soil has been studied as it's an extremely soft which is 

known as problematic soil by engineers. High 

compressive behaviour in peat soil characteristic leads 

to have serious problem which is settlement [1]. 
 

As peat soils have low shear strength and high 

compressibility, so it's not suitable for engineering 

construction projects such as roads and buildings. 

Increasing the shear strength and reducing the 

compressibility can be obtained by lime stabilization 

which had been used in this research as it’s a suitable 

method that can develop the geotechnical properties, 

elastic-plastic behavior, and compressive strength of 

peat soil. Laboratory tests of peat soil had been 

conducted to find the properties of untreated peat 

sample and compared it with the treated peat samples 
with different percentages of lime to obtain the suitable 

amount for a proper mixture that can be used to 

develop the geotechnical workability of peat soil. 

Besides that, by analyzing the results from Direct 

Shear Box tests in Plaxis software, it indicates that 

mixing lime with peat soil reduced the deformation 

occurred [2]. 

 

II. PROBLEM STATEMENT 

 

The reason that leads to have shear failure, differential 
settlement, and low bearing capacity in peat soil is 

because it's classified as a difficult soil. As the peat soil 

exist in a huge area in the world and especially in 

Malaysia (around 8%), so the engineers are facing 

problems to build constructions in peat areas due to 

these two conditions: 

 

1)  Soil settlement; when the peat soil layer is thicker, 

the settlement may occur is higher. As the peat soil is 

highly compressive when loaded based on the lining 

that will have a large potential settlement. 

 
2)  Soil bearing capacity; low bearing capacity leads 

to dangerous problems which may lead to structure 

damages and collapse and loss of lives. 

 

Due to these problems, peat soil removal or 

replacement with fill material will lead to the increase 

of construction cost and delayed the duration of 

completion.  

 

III. MATERIAL AND METHODS 

 

A. Atterberg Limit 
To characterize the soil plasticity and avoid the 

cracking and shrinkage, there were few important tests 

that had been conducted. Atterberg limit depicted a 

measure of water substance at certain restricting or 

basic phase’s behavior of soil. The incredible 

arrangement of designing reaction of the soil sample 

can be identified when the amount of water content is 

known. Atterberg limit tests was done to obtain the 

parameters measured which are liquid limit (LL) and 

plastic limit (PL) and peat stiffness. 
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B. Unit Weight Test 

This test was implemented to measure the water 
content and unit weight of peat samples by 

investigating its volume and weight for about 24 hours 

under 100°C temperature. 

C. Grading Test (Sieve Analysis) 

The purpose of this test is to identify the particle size 

distribution of the peat samples for soil classification. 

About 4.05 kg of samples was taken to analyze the 

particle size distribution in the peat soil. For this 

research, 6 sizes of sieve which were 4.75, 2.36, 1.18, 

0.6, 0.425, and 0.15 mm were used to measure the 

weight and distribution of different particles size to 

separate them into their own classification. 
 

D. Direct Shear Box Test 

Direct Shear Box test is a field or research facility test 

used by geotechnical engineers to find the shear 

strength of soil and its properties. Undisturbed samples 

of peat soil was performed on three moderately tests. 

There are two stacked rings to hold the specimen 

where the contact between these two rings is at roughly 

in the middle frame of the peat samples when it is set 

into the shear box. The upper ring was pushed into the 

side or through predefined strain until the specimen 
bends when a confining stress is connected vertically 

to the sample. The first phase was applied with 5 kg 

and the consolidation stage was performed for nearly 1 

hour. Then, the shearing stage started and the lower 

part of the frame box started to move slowly to obtain 

the peak strength at shear failure. When the shearing 

stage stop, selecting the maximum shear was required 

for the soil properties which are cohesion, cu and 

friction angle, Ø. Tests were repeated for second and 

third phase by applying 10 kg and 15 kg to the soil 

respectively to obtain the final results that represent the 

peat shear strength. 
 

E. Plaxis Software 

Modelling the deformation of peat soil with Plaxis2D 

is the final stage for this research. The purpose of this 

software is to investigate the deformation of peat soil 

from Taman Melati by observing the final 

displacement occurred throughout the analysis.  For 

years, this software had been used by geotechnical 

engineers to analyze stability, groundwater flow, and 

deformation. Properties of the peat soil which are unit 

weight, cohesion, and friction angle from the previous 
tests were defined into the software to analyze the 

displacement. The soil layout was drawn and 

distributed loading of 10 kN was applied on the ground 

level. Groundwater table was also taken into account 

and located in the middle of the soil layout. Then, mesh 

were generated to calculate the pore water pressure and 

stress. In the end, extreme displacement was calculated 

and identified and recorded for comparison with the 

other soil models which differ by the percentages of 

lime that had been added to the peat soil and tested 

separately. 

III. RESULT AND DISCUSSION 

 
Soil and lime mixture give many advantages comprise 

significantly increase soil durability [3], reduce 

plasticity together with workability, and increase the 

strength of soft soil. 

After obtaining the results from previous laboratory 

tests, the deformation of peat soil for each sample 

(untreated and treated) had been analyzed by Plaxis2D 

as further discussed below. 

The peat soil in Taman Melati area contains high 

amount of water as the moisture content from unit 

weight tests was 327.14 % which was acceptable based 

on [3]. Besides that, the bulk unit weight of the peat 
soil was 10.45kN/m3. Nevertheless, the dry unit weight 

of peat soil was 2.45kN/m3 which indicated that the 

peat in this location has a high value of dry unit weight 

[4]. 

In this research, the quick lime was used as an additive 

for the peat soil stabilization to improve the 

engineering properties of soil. Table I shows the results 

from Direct Shear Box test for the untreated and 

treated peat soil with lime. The shear strength tends to 

increase with the increment of normal load applied 

with 3% to 9% amount of lime added. Besides that, 
Fig. I shows that there was increment on peak shear 

stress for peat soil stabilized with 6% of lime with 

respect to normal stress when compared to untreated 

peat soil. However, the result for addition of 3% and 

9% of lime stated otherwise which shows decrement in 

peak shear strength. Table II shows the summary 

results of Direct Shear Box test for cohesion, cu and 

friction angle, φu which would be used in the analysis 

of finite element by Plaxis. 

Based on the software analysis, Table III shows that 

the displacement decreased with the increasing of lime 

percentage for 3% and 6%. This has been proved by [3] 
which stated that dry soil was mixed with lime equal to 

2% and 4%  of the weight of the soil and the result 

indicated the increase in soil granularity resulting from 

lime treatment caused the increase in permeability 

coefficient. This theory was also confirmed by [5] and 

[6] who attributed the increase in permeability 

coefficient increase to the floc formation, which 

produced small pores (these pores were absent before 

lime was added), resulting in the increase in hydraulic 

conductivity. Other than that, it was found that by 

adding 9% of lime into the peat soil, the displacement 
tend to increase further than the displacement 

experienced for untreated peat soil, which explained 

that 9% addition for peat soil stabilization was not 

suitable. Fig. II shows the deformation occurred by 

using finite element analysis for untreated and treated 

peat soil. Through the analysis done, it can be stated 

that the optimum amount for peat stabilization was 6% 

of lime added, which shows the highest peak shear 

strength and the lowest displacement occurred 

compared to the amount of 3% and 9% of lime. 
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0% Lime 3% Lime 

Applied Normal Stress(kpa) Peak strength (kpa) 
Applied Normal 

Stress(kpa) 
Peak strength (kpa) 

136.2 137.6 136.2 142.3 

272.5 278.1 272.5 240.9 

408.2 372.6 408.2 338.9 

(a) Untreated and treated peat soil with 3% of lime 

 

6% Lime 9% Lime 

Applied Normal Stress(kpa) Peak strength (kpa) 
Applied Normal 

Stress(kpa) 
Peak strength (kpa) 

136.2 139.8 136.2 142.3 

272.5 267 272.5 261.1 

408.2 386.3 408.2 368.2 

(b) Treated peat soil with 6% and 9% of lime 

 

Table I: Peak strength of peat soil at different percentage of lime 

 

 
Fig. I: Direct Shear Box test results for Perlis peat soil at different percentage of lime 

 

Test number 
Parameter of Shear Strength 

Cohesion Cu (kpa) Friction angle φu 

Test 1 : 0% Lime 19 41 

Test 2 : 3% Lime 25 39 

Test 3 : 6% Lime 29 40 

Test 4 : 9% Lime 32.5 40 

Table II: Results for cohesion, cu and friction angle, φu 
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Sample Number Effective Stresses Extreme total displacement 

0% lime -48.69 kN/m2 101.77*10-9m 

3% lime -51.03 kN/m2 93.77*10-9m 

6% lime -53.25 kN/m2 58.30*10-9m 

9% lime -55.64 kN/m2 116.31*10-9m 

 

Table III: Effective stresses and displacement of peat soil 

 

 
(a) Untreated peat soil 

 
(b) Treated peat soil with 3% lime  

   

 
(c) Treated peat soil with 6% lime 

 
(c) Treated peat soil with 9% lime 

 

Fig. II: Plaxis analysis for deformation of untreated and treated 

peat soil  
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CONCLUSION 

 

This research had been successfully conducted and 

showed that peat soil stabilization by lime would 

increase the shear strength and reduced the 

deformation occurred. From the findings of this 

research, the objective which was to investigate the 

deformation of stabilized peat soil with lime had been 

achieved. Detailed descriptions of outcome can be 

concluded as follows: 
 

1)  The results obtained from Direct Shear Box test 

showed that the shear strength of treated peat soil 

wasn’t gradually increased with the amount of lime 

added as predicted because the distribution of fibers is 

different in each of the peat samples. The horizontally 

orientated fibers had affected the soil which leads to a 

high value of friction angle, φu which was above 35. 

2)  Deformation of treated peat soil was recorded the 

lowest when 6% of lime was added to the peat soil. 

This is acceptable by referring to [7] and [8] which 

stated the optimum percentage of lime that required to 
be added to stabilize the soil is between 2% and 8%. 
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3)  The benefits of this research that used stabilizing 

agent such as lime, cement, or fly ash are presented as 
low-cost and effective to soft soil stabilization. There 

are a lot of waste lime generated nowadays and caused 

the occupation of space and environmental problems. 
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