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Abstract: This paper presents the correlation between Liquidity Index (LI) and Unconfined 
Compressive Strength (UCS) of stabilized silty clay of Permas Jaya Distric, Johor State of Malaysia. 
In this study, a number of 9 samples of soil cement were prepared under various cement and moisture 
contents and cured for 7-days. Ordinary Portland Cement (OPC) of 7% and 13% of soil weight is 
added to the soil with different level of moisture content based on the Optimum Moisture Content 
(OMC) value from the compaction test (0.9, 1.0 and 1.1 from OMC) in order to study the effect of 
moisture content on the compaction characteristic and compressive strength. The result from the 
compaction test found that the highest and optimum maximum dry density (MDD) was obtained from 
7% of cement content. The UCS increases as the cement content increases. Based on the LI and UCS 
relationship, the strength reached a minimum value of subgrade design strength for low volume road 
(0.8MPa) when the range of the LI is -0.27 and -0.15 at 7% of cement content.  
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INTRODUCTION 
 
 A difficult problem in pavement construction works exists when the subgrade is found to be a clay soil. Soil 
having high clay content has the tendency to swell when their moisture content is allowed to increase (Chen, 
1981). Soil stabilization is among a popular method used to improve the soil engineering properties by altering 
one or more soil properties either by mechanical or chemical method (Frederick, 1976). As the quality of a soil 
layer is increased, the ability of the soil layer to distribute the load over a greater area is generally increased so 
that a reduction in the required thickness of the soil and surface layers may be permitted (Guyer, 2011). The 
most common stabilization agents used to improve the subgrade layer is cement and lime.  
 The amount of water content could contribute to the performance of stabilization work. Ishak et al. (2012) 
reported that, the in situ water content in the soil strata is keep changing due to environmental effect (Ishak et 
al., 2012). Therefore, it is wise to relate the performance of the stabilized soil with the in situ water content. 
Although several studies have been made previously to establish the performance of stabilized soil with several 
parameters, yet no attempt has been made to study the relationship between stabilised soil strength and Liquidity 
Index (Thompson,1996; Terashi, 1997; Saitoh, 1988; Niina et al., 1977, 1981; Terashi et al., 1980; Kawasaki et 
al., 1981; Jack, 1995; Aykut et al., 2006; Mekkawy et al.,2010). Therefore, a series of laboratory works were 
conducted to study on the potential relationship between stabilised strength and LI value under 7-days curing 
period and various percentage of cement contents. 
 
Materials and Methodology: 
2.1 Materials: 
 Light brown reddish silty clay was brought from Permas Jaya district, which were taken at the top surface 
of the soil strata. The properties of the soil and the results from soil properties tests are listed in Table 1. This 
soil is grouped as CH according to the Unified Soil Classification System.  
 
Table 1: Properties of Silty Clay. 

Property Value 
Liquid limit 83% 
Plastic limit 37.37% 

Plasticity index 45.63% 
Specific gravity 2.73 

Symbol CH 
 
 Samples were prepared at 0%, 7% and 13% cement by the weight of the silty clay. Ordinary Portland 
Cement (OPC) is used as a stabilizer agent and mixed with the silty clay. The range of cement is recommended 
by Walsh-Healey Public Contracts Act (PCA), US Department of Labour (1936) for silt and clayey types of soil.  
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2.2 Preparation of Specimens: 
 Soil of 2kg was used for the standard compaction test for each percentage of cement; 0%, 7% and 13%. A 
cylinder soil cement sample was then prepared in the dimension of 38mm in diameter and 76mm in height for 
the Unconfined Compression Strength (UCS) test based on the Optimum Moisture Content (OMC) obtained 
from the compaction test. In order to study the relation between Liquidity Index and soil strength, another two 
moisture content values based on 0.9 and 1.1 OMC were investigated in the experiment. A simple notation is 
used in this paper to explain the condition of 0.9 and 1.1 OMC value as minimum and maximum moisture 
content value. In total, a number of 9 samples were prepared and cured for 7-days prior to the UCS testis.  
 
3.0 Experimental Results: 
3.1 Compaction Test Results: 
 Figure 1 shows the compaction results for 0%, 7% and 13% cement stabilized soil. The maximum dry 
density (MDD) and OMC obtained for 0% cement are 1.38Mg/m3 and 30.5% respectively (Figure 1a). 
Meanwhile, the MDD and OMC for 7% cement are 1.44Mg/m3 and 27.5% respectively (Figure 1b) and for 
cement of 13%, the MDD and OMC are1.40Mg/m3 and 29% respectively (Figure 1c). It was found that, the 
highest value of MDD occurred when the cement content is at 7% as shown in Figure 2a. This result has been 
supported by the OMC result (Figure 2b) whereas the OMC for the 13% is higher than the 7%. Based on the 
results, the optimum cement content under the compaction test is recorded at 7%. The cement stabilized soil 
tends to absorb higher moisture content when the cement content is increased. 
 

 
 
Fig. 1: Compaction curve for (a) 0%, (b) 7%, and (c) 13% cement. 
 

 
Fig. 2: (a) Maximum Dry Densityand (b) Optimum Moisture Content versus Percentage of Cement (%). 
 
3.2 Unconfined Compression Strength Test: 
 Figure 3 shows the stress-strain curves obtained from UCS test for 7-days curing period under various 
percentages of cement and moisture content. The strength of silty clay with 0% of cement shows that the 
minimum condition of moisture content provided a higher strength with 218kPa at 0.0193% strain, followed by 
189kPa at optimum moisture content with 0.0305% strain and 132kPa at maximum moisture content with 
0.0341% strain.  
 Meanwhile, Figure 3(b) shows the strength of silty clay with 7% of cement at the maximum condition value 
is 1543kPa at 0.0127% strain, followed by 1510kPa at OMC of 0.0163% strain and 994kPa at minimum 
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moisture content with 0.015% strain. It was found that, the strength at the maximum and OMC conditions 
demonstrates the similar results.  
 Figure 3(c) shows the strength of silty clay with 13% of cement, with a maximum value of 2014kPa at 
maximum moisture content with 0.0153% strain, followed by 1937kPa at optimum moisture content with 
0.0101% strain and 1234kPa at minimum moisture content with 0.005% strain.  
 The strain at failure is generally in the range between 0.01% and 0.03% for all cases of strength.The 
strength of the samples, cured for 7-days, increases with the increase of stabiliser content as shown in Figure 4 
and a similar pattern of strength was attained for the OMC and maximum condition. The addition of 7% and 
13% of cement content, the strength of the soil increases by 707% and 938% respectively as compared to the 
untreated soil.  
 

 
(a)                                                                                    (b) 

 
(c) 

Fig. 3: Stress-strain curve for (a) 0%, (b) 7% and (c) 13% cement from UCS tests. 
 

 
 
Fig. 4: Stress (kPa) versus percentage of cement. 
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4.0 Discussion: 
 Figure 5 shows the relation between the Liquidity Index (LI) and compressive strength for the cement 
stabilized silty clay. The pattern shows that the strength increases when the LI increases. The strength reached a 
minimum value of subgrade design strength for low volume road (0.8MPa) when the range of the LI is -0.27 and 
-0.15 at 7% cement content. This relationship is useful as guideline to the road contractor or consultant to 
construct the subgrade at the minimum cement content, strength and moisture content. 
 

 

Fig. 5: Liquidity Index (LI) versus Unconfined Compressive Strength (UCS). 
 
4.0 Conclusion: 
 Several conclusions can be made from this study as follows:  
a) The result from the compaction test found that the highest and optimum maximum dry density (MDD) was 
obtained from 7% of cement content.  
b) The unconfined compressive strength increases as the cement content increases. 
c) Based on the LI and UCS relationship, the strength reached a minimum value of subgrade design strength 
for low volume road (0.8MPa) when the range of the LI is -0.27 and -0.15 at 7% of cement content. 
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