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Abstract—Pavements are founded upon the different layers of engineered soils. Being the ultimate load bearing layer of 
the pavement, sub-grade strength should be adequate to ensure the integrity of different layers. In Pakistan, majority of 
pavement failures may be attributed to improper functioning of sub-grade due to the use of inappropriate materials like 
Clayey soils. According to AASHTO Classification, clay is not suitable material for the sub-grade as it makes a pavement 
vulnerable to failure. In this research, it has been attempted to improve the stiffness properties of Clayey soil through 
commonly available and cheap modifiers like Lime, Marble Waste (pulverized) and Sand. The stiffness of the soil was 
determined by calculation of its Resilient Modulus (MR) and Impact Value (IV). MR and IV were measured in the laboratory 
through triaxial testing and Clegg Impact Hammer respectively. The modifiers were mixed with sub-grade soil in six different 
proportions to obtain optimum value for each. A correlation was developed between the MR, IV and other variables involved 
in the study using MINITAB software. The test results revealed that the Lime improved the stiffness of the Clayey soil more 
than the other two modifiers. Further, the statistical parameters calculated using the software showed that the formulated 
correlations are efficient. 

Index Terms— Sub-grade soil, Modifiers, Resilient Modulus, Impact Value, Triaxial Test, statistical Parameters   
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1 INTRODUCTION                                                                     

ransportation is the backbone of economy of any country 
especially a developing country like Pakistan. The eco-
nomic development of any region/country is conditioned 

with the development and efficient working of transportation 
system which in-turn depends on the proper pavements. A 
flexible pavement is founded on one or more layers of engi-
neered materials. The stiffness and performance of entire 
pavement depends upon the stiffness of each layer. The layers 
are composed of binders and aggregates on the upper layers 
transferring the loads to underneath compacted soil layer 
known as sub-grade. “All pavements derive their ultimate 
support from the underlying sub-grade; therefore, knowledge 
of basic Soil Mechanics is essential” [1]. Sub-grade being the 
load carrying layer of the pavement should be stiff and strong 
enough to withstand all loads. “The soil sub-grade, which 
supports the above pavement layers and traffic, should be stiff 
enough to maintain the integrity of pavement structures and 
the smoothness of the pavement surface”[2].  

Depending upon the soil type according to AASHTO Clas-
sification System, the soils are classified as excellent to good 
(A-1, A-2 and A-3) and fair to poor (A-4 to A-7) for their use as 
sub-grade. The material used in this research was A-6 soil, 

commonly called Clayey soil and is abundantly available in 
Pakistan. The Clayey soil is identified as poor for sub-grade 
use by AASHTO. “Provision of poor Clayey sub-grade results 
in corrugation at the surface and increase in unevenness” [3]. 
In this research, improvement of Clayey soil (A-6) was made 
using commonly available modifiers materials like lime (hy-
drated), marble waste (pulverized) and sand.  

 
The improvement in the material was evaluated calculation 

of Resilient Modulus (MR) and Impact Value (IV) by Triaxial 
test and Clegg Impact Hammer respectively. Resilient Modu-
lus testing was used in the study as it simulates the actual dy-
namic loading on pavement surface instead of static loading 
procedure like CBR Testing. Conventionally CBR Test results 
have been used to estimate stiffness of pavement sub-grade 
since long [4]. But with research in this field, the focus has 
been transferred to characterize the stiffness by Resilient 
Modulus as it simulates the in-situ conditions. Sub-grade soil 
characterization expressed in terms of Resilient Modulus (MR) 
has become vital for pavement design and evaluation [5] [6]. 
The Impact Value test has been used to augment the Resilient 
Modulus results in the research. Extensive research has been 
carried out to correlate CBR with MR, however, there has been 
a little work to establish relationship between the IV and MR. 

Impact Value Test being easier to perform has been used to 
develop the IV vs MR relationship. 

 
2 PROBLEM STATEMENT 
During last few years, premature failures of pavements have 
been a great threat for engineers/designers in Pakistan. These 
failures including rutting, fatigue cracking and raveling may be 
attributed to inadequate strength of sub-grade. Commonly ob-
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served sub-grade failures are due to the use of unsuitable mate-
rial. Pakistan soil maps show the occurrence of Clayey soils in 
the country and conventionally the material excavated at the 
site is utilized for the sub-grade preparation. This result in the 
use of poor soil material like Clayey soil in sub-grade without 
any improvement and thus makes it vulnerable to failure. Also, 
instead of sub-grade stabilization, granular material is imported 
from far places for the construction which in-turn makes the 
project un-economical. Therefore, the improvement of the exist-
ing material with some modifiers will make the projects eco-
nomical. Moreover, the presence of the Clayey soils in major 
areas of the country will be efficiently utilized in sub-grade 
preparation with proper improvement. 
3 OBJECTIVES 

Major objectives of the research include; 
1 Determining Resilient Modulus of Clayey Sub-grade 

Soils; 
2 To study the effect of easily available modifiers on MR 

(under Triaxial Test system) and IV (Clegg Impact 
Hammer); 

3 To establish a correlation between MR and Impact Val-
ue;  

4 To evaluate stiffness (MR) of sub-grade soil under dif-
ferent stress levels; 

5 To determine optimum percentage of lime, marble and 
sand for improvement of soil to be used as sub-grade. 

4 Literature Review 
Characterization of sub-grade using CBR values has been a 

common practice by the engineers and researchers since long. 
However, being a static property, CBR cannot account for the 
actual response of the sub-grade under dynamic loads of mov-
ing vehicles, CBR is a measure of shear strength of a material 
and does not necessarily be correlated with stiffness or modulus 
such as the MR. The western world has shifted towards the Re-
silient Modulus testing to determine the stiffness of the soil lay-
ers. With the advancement in research, Janoo et al (1999) studied 
five different types of sub-grade soils present in New Hamp-
shire. They presented the resilient moduli results of all different 
type of soils available in the state to be used for Mechanistic-
Empirical (ME) design input level 1 [7]. Jones et al (1977) investi-
gated the resilient moduli of 35 different types of sub-grade 
soils in San Diego and explored the correlation between the la-
boratory and field measured values. They related the resilient 
moduli with soil index properties like moisture content and 
degree of saturation etc. Their findings were further utilized in 
San Diego to characterize sub-grade materials on the basis on 
soil index properties [8]. Khazanvoich et al (2006) reviewed the 
characterization of sub-grade material in ME Design Guide 2002 
and applied it to Minnesota fine-grained soils [9]. W. Virgil Ping 

et al (1997) addressed calibration of laboratory Resilient Modu-
lus measurements using field data of modulus of elasticity for 
sub-grade layer determined through plate load test [10]. A.M. 
Rahim et al (2005) focused on the characterization of sub-grade 
soil based on Resilient Modulus as a vital element of flexible 
and rigid pavement design [11]. M. Shabbir Hossain (2008), char-
acterized the Resilient Modulus of Virginia Soils followed by 
development of its co-relation with the other soil tests. In his 
research, Resilient Moduli values and regression co-efficient (k- 

values) were successfully computed by testing 100 different 
samples from Virginia [12]. 
4.1 Reseacrh regarding Models 

As the Resilient Modulus testing is very complex and time 
consuming procedure therefore, it was emphasized to correlate 
it with simple laboratory procedures. Following researchers 
developed relationship of MR with soil index properties and 
CBR procedures. MR had been correlated to CBR numerous 
times depending upon the test conditions. Some of these corre-
lations have been summarized in Table 1. 

 
Table 1: Research history regarding correlations 

Sr. 
No. 

Researcher Year Relationship 

1 Heuklelom and Klomp 1962 MR = 1500 (CBR) 

2 Heuklelom and Klomp 1962 
MR = 2596 (CBR) 0.874 

(Psi) 

3 Heukelom and Foster 1960 
MR  = 1565 (CBR) 
(Psi) 

4 Heukelom and Foster 1960 
MR = 2596 (CBR) 0.874 

(Psi) 

5 
Green and Hall (U.S. 
Army Corps of Engi-
neers) 

1975 
MR (psi) = 5,409 
CBR0.71 

6 
South African Council 
on Scientific and Indus-
trial Research (CSIR) 

- 
MR (psi) = 3,000 
CBR0.65 

 

7 
Transportation and 
Road Research Labora-
tory (TRRL) 

- 
MR (psi) = 2,555 
CBR0.64 

In the opinion of some researchers, CBR is not true reflection of 
sub-grade characterization. Therefore, the trend of sub-grade 
characterization on the basis of CBR shifted to MR. Thomson 
and Robnett (1976) and Rada and Witczak (1981) [13], suggested 
that the use of the CBR value for designing pavements is unreli-
able. 
5 Methodology 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

1464



International Journal of Scientific & Engineering Research Volume 4, Issue 4, April -2013                                                                                  
ISSN 2229-5518 

 

IJSER © 2013 

http://www.ijser.org  

The research was initiated with the aim to improve the stiff-
ness of sub-grade soil (A-6) using locally available and inexpen-
sive materials. The sub-grade soil was collected from Kashmir 
Highway Islamabad and mixed with three different modifiers 
viz. Lime; Marble and Sand. These modifiers were mixed with 
sub-grade soil in the following proportions shown in Table 2. 

Table 2: Percentages of Modifiers mixed with Sub-grade soil 

Modifiers Proportions (%) 

Lime 2 4 6 8 10 12 

Marble Waste (Pulverized) 3 5 7 9 11 13 

Sand 3 6 9 12 15 18 

This was followed by laboratory testing in accordance with 
AASHTO T 307-99 and ASTM D 5874-02 standard procedures 
for Resilient Modulus and Impact Value respectively. Further, 
MINITAB software was used to develop a correlation among 
index properties, MR and IV. The computed and measured MR 
values were then compared. The comparison of computed and 
measured values of MR and IV showed that they are in a close 
relation. 
 
6 Lab Testing 
During the research, following tests were performed in the la-

boratory. 

Table 3: Standard procedures followed 

Sr. 
No. 

Test Description Relevant Standard 

1 Sieve Analysis  ASTM D 422-65 (98) 

2 Hydrometer and Specific 
Gravity  

 

3 Liquid Limit and Plastici-
ty Index 

ASTM D 4318-10 

4 Triaxial Test (MR) AAASHTO T 307-99 

5 Impact Value ASTM D 5874-02 

 

 

Sub-grade soil used in this research on the basis of classification 
and specific gravity tests were as follows: 

Sieve and hydrometer analysis showed that the percentage 
passing in sieve # 200 was >36%. The liquid limit was 26.2% 
whereas Plastic limti and plasticity index were 15 and 11.2 
respectively. Based on classification tests, the soil was classified 
as A-6 (Clayey soil) according to AASHTO Classification 
System. After soil was confirmed as A-6 soil, further testing was 
performed for the research. Specific gravity of the soil was 
determined to be 2.50 

6.1 Specimen Preparation 

The triaxial test specimens were 
prepared using the hydraulic jack 
system as shown in Fig. 5. The 
diameter and length for each 
prepared specimen were 4” and 8” 
respectively. Each specimen was 
prepared for max dry density 
(lb/ft3) and optimum moisture 
content (%) obtained by Modified 
Proctor test.  For Impact Value (IV) 
test using specified percentages of 

Fig 3: Liquid Limit test 

Fig 2: Sieve Analysis 

Fig 4: Hydrometer analysis 

Fig 5: Sample preparation in Lab    
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modifiers, the samples were prepared in CBR molds under un-
soaked condition. 

6.2 Summary of Test results 
Table 4: Summary of Test Results 

Table 4 presents the summary of the test results i.e Modified 
Proctor, MR and IV for different percentages of each modifier. 

In case of Lime, optimum moisture content increases with the 
increasing percentage of lime however maximum dry density 
decreases. On the other hand, MR and IV increase up-to ap-
proximately 8.5% then decrease rapidly. While in case of Mar-
ble, moisture content decreases with the increase in percentage 
of marble whereas maximum dry density increases up-to op-
timum value of marble and then decreases on further addi-
tion.  Same is the case of MR and IV values. In case of sand, 
both moisture content and maximum dry density decrease on 
addition of modifier but the stiffness and IV increase up to 
optimum value and decrease on further addition of sand. 

6.3 Resilient Modulus Test Results: 
The MR values can be estimated in the laboratory by meas-

uring material’s response under simulated field loading condi-
tions [14]. For this purpose, triaxial testing was carried out in 
Transportation Research Laboratory of University of Engineer-
ing and Technology Taxila Pakistan. 

The stiffness of the material was observed by Resilient 
Modulus testing and Impact Value determination. The labora-
tory-based Resilient Modulus determination involved the re-
peated load triaxial test. Only elastic (recoverable) strain was 
captured during the repeated load application. Earlier meth-
ods (AASHTO T274-82 and T292-91I) specify the use of either 
internally- or externally-mounted LVDTs.  

The current method, specified by SHRP, SHRP Protocol 
P46, (alternatively known as TP46-94) requires two externally 
mounted LVDTs to determine axial recoverable deformations. 
AASHTO TP 46-94 procedure calls for haversine wave form 
instead of triangular or rectangular wave forms stipulated in 
the earlier testing procedures [5]. 
Different samples tested during the research are presented in 
Fig. 7. Some of these samples were failed during the testing 
and were replaced by the newly prepared samples. 
 

 

 

 

 

6.4 Effect of Modifiers on Soil Stabilization/Improvement 

 
 

 

 
It can be observed from the Fig. 8 (a) that the optimum per-

centage of lime for maximum value of MR and IV is approxi-
mately 9.2% and 7.9% respectively. The small differnce for 
maximum value of MR and IV (1.3%) may be attributed to the 
fact that different methods of compaction were used to pre-
pare samples for each parameter (MR and IV). 

Fig. 8 (b) shows the effect of moisture content on MR and IV 
values. The optimum moisture content for maximum value of 
MR and IV are 11.85% and 11.45% respectively. 

Modifiers 

Lime Marble Wastes Sand 

%age 
OMC MDD MR 

IV %age 
OMC MDD MR 

IV %age 
OMC MDD MR 

IV 
(%) Lb/ft3 MPa (%) Lb/ft3 MPa (%) Lb/ft3 MPa 

2 9.8 130.6 275.12 13 3 9.3 139 270.09 11 3 9.2 129.8 212.06 9 

4 10.2 128.4 450.09 18 5 8.9 143.25 388.09 15 6 8.78 126.4 264.25 13 

6 10.8 125.9 537.27 23 7 8.75 145.24 447.57 18 9 8.23 122.9 310.67 19 

8 11.4 122.3 687.43 27 9 7.9 147 546.35 21 12 7.89 120.1 342.78 21 

10 12.3 120.2 642.62 22 11 7.6 138 459.15 17 15 7.36 118.6 301.86 16 

12 12.9 118.7 594.35 17 13 7.2 136 384.25 12 18 6.9 116.9 254.41 12 

Fig 6: Resilient Modulus test in progress Fig 7: Test samples 

Fig 8 (a): Effect of Lime Percentage on MR and IV 

Fig 8 (b): Effect of Moisture Content on MR and IV 

1466



International Journal of Scientific & Engineering Research Volume 4, Issue 4, April -2013                                                                                  
ISSN 2229-5518 

 

IJSER © 2013 

http://www.ijser.org  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
 

 
Fig. 9 (a) presents the effect of percentages of Marble wastes 

on MR and IV. The optimum percentage of marble for maxi-
mum improvement of sub-grade soil is 8.5% whereas opti-
mum moisture content at which marble should be added to 
the soil is 8.2% [Fig. 9 (b)]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
Fig. 10 (a) and (b) represent the influence of sand propor-

tions and moisture content on the improvement of sub-grade 
soil. The optimum values for sand proportion and moisture 
content are 11.5% and 7.9% respectively. 

 
6.5 Effect of stresses on MR 
The effect of variation of stress level on the magnitude of 

Resilient Modulus is very critical because the stresses in a sub-
grade soil depend on pavement thickness [15]. The effect of 
deviator stresses for each modifier is shown in figures 11 (a) to 
(c) for Confining Pressures of 41.4, 27.6 and 13.8 kPa. For each 
proportion of modifiers, two samples were tested. The general 
trend of variation for MR with deviatoric stresses at optimum 
percentages of modifiers determined during the research is 
shown in figure 11. 

 

 

 
 
 

Fig 9 (a): Effect of Marble Percentage on MR and IV 

Fig 9 (b): Effect of Moisture Content on MR and IV 

Fig 10 (a): Effect of Sand Percentage on MR and IV 

Fig 10 (b): Effect of Moisture Cotent on MR and IV 

Lime 

Fig. 11 (a) 

Marble 

Fig. 11 (b) 

Sand 

Fig 11 (c): Effect of deviator stress on Resilient Modulus 
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6.6 Comparison of Modifiers 
Figures 12 (a) and (b) presents comparative improvement 

of sub-grade soil by mixing it with optimum proportion of 
each modifier. It may be observed that improvement in MR 
and IV is maximum for Lime. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

6.7 Regression Analysis 
Regression analysis was carried out using MINITAB soft-

ware to compute MR for all the modifiers. All the variables 
were considered for correlation. A correlation for each modifi-
er is shown as below; 

1) Correlation for Lime: 
MR = 7319 + 44.0 % M - 207 OMC - 40.0 MDD + 10.3 IV 

Where; % M = Percentage of Modifier  
OMC = Optimum Moisture Content 
MDD = Maximum Dry Density 
IV =Clegg Impact Value 

 
 
 
 
 
 
 
 
 
 
 
 

 
2) Correlation for Marble: 

MR = 2071 - 7.7 % M - 28.8 OMC - 12.8 MDD + 21.9 IV 

 

 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
3) Correlation for Sand: 

MR = - 2370 + 20.7 % M + 154 OMC + 7.8 MDD + 9.97 IV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the next step, all the variables were then correlated with 

MR without considering the difference of modifiers. 
The relationship developed is stated below; 
Mr = -3.34x107 - 157 M.T + 3.95x105 %M +1.24 x 106OMC + 

1.6x105MDD + 3.64x105 IV 

Where;   M.T= Modifier type 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
The p (probability) value is a calculation used in studies to 

determine if the results are caused by chance or not. The lower 

Fig 12 (a): Comparative improvement of sub-grade soil for 

different modifiers 

Fig 12 (a): Comparative improvement of sub-grade soil for 

different modifiers 

Fig 13 (b): MR Comparison (Marble) 

Fig 13 (c): MR Comparison (Sand) 

Fig 13 (d):  MR Comparison (General) 

Fig 13 (a): MR Comparison (Lime) 
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the p-value, the more likely it is that the difference between 
groups was caused by treatment. Based on p values, IV is the 
parameter which affected the relationship more than other 
variables. 

Table 5: Statistical parameter (p value) 

Variable p Value 

Filler Type 0.694 

%age Filler 0.000018 

OMC 0.00011 

MDD 0.000089 

IV 0.000003 

Statistical parameters supporting the regression analysis re-
sults are shown in Fig.13 (e).  

 
 
7 Conclusions 

• The sub-grade soil was significantly improved 
through the use of different modifiers. 

• On the basis of triaxial testing and IV values, it was 
concluded that the Lime was the most suitable modi-
fier. 

• The statistical analysis revealed the value of R2>0.9 
for MR obtained from other variables used in the re-
search. Thus it is concluded that the results of statisti-
cal analysis are reliable. 

• Optimum % ages of modifiers used to improve sub-
grade soil (A-6) are as below; 

Modifier 
Type 

Optimum Values 

Percentage of 
Modifier 

Optimum Moisture 
Content 

Lime 8.9 8.12 

Marble 9.2 11.85 

Sand 11.25 7.9 

These results were further verified by preparing and testing 
the specimens on the basis of optimum percentages found by 

the research. 
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