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Abstract: Each soil type has different behavior with regard to 

determination of maximum dry density and optimum moisture 
content and therefore any soil type has its own compaction 
requirements for experimental purposes and for control the 
compaction in the field. The general purpose of this study is to a 
better understanding of the compaction characteristics of high 
expansive soils, with emphasis on the relationships of moisture 
content and dry density of high expansive soils at a range of 
compaction energy levels. To achieve this purpose, high expansive 
soils samples were subjected to Atterberg limit and a set of 
laboratory compaction tests to find compaction characteristics 
namely; maximum dry unit weight and optimum water content   of 
high expansive soils at different compaction energy (compaction 
effort) for different number of hammer blows per each layer range 
from 10 to 50, which varied the energy per unit volume from 356 
KN/m3 to 1188 KN/m3.Rather than single peak compaction 
curves, the most achieved compaction curves are an irregular one 
and half peak compaction curves. According to the comparison 
results of different compaction energy, it was concluded that the 
maximum dry unit weight of high expansive soil was not highly 
affected by gradually increase of applied energy. The results 
showed that, the maximum dry density of tested expansive soils 
sample increased from 1.48g/cm3 to 1.6g/cm3 with increase of 
compaction energy from 356 KN/m3 to 1188 KN/m3. 

Keywords: Compaction energy, Compaction curve, High 
Expansive soils, Maximum dry density, Optimum moisture 
content, Standard Proctor. 

I. INTRODUCTION 

The improvement of engineering properties of expansive 
soils is very important for strong durable pavements and 
foundations. Higher shear strength, lower compressibility, 
lower volume change and lower permeability are desirable 
properties for soils as foundation and construction materials. 

Soil compaction is common practice in the quality control 
of engineering construction. It is part of the of construction 
materials procedures that helps construction engineers to 
improve the properties of soil. A proper selection of the type 
of compaction method and specification for compaction 
according to the soil type can play an important part in the 
compatibility of the soil.  
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Density moisture content test is usually used test for quality 
control of construction works. It is one of the soil properties 
tests that help engineers to planning, design, constructing and 
maintaining of overall civil engineering infrastructure 
projects.The process of compaction alters and improves the 
engineering properties of soils because when soils are 
compacted to a denser state, they will exhibit higher strength, 
lower compressibility, and lower permeability. These 
properties are desirable for strong durable pavements and 
foundations. Monitoring of density during construction is 
essential to ensure the high quality and long life of civil 
works. In field soil compaction, a layer of loose soil is 
compacted until its density and strength reach specific values 
established a priori from laboratory tests, due to the benefits 
from compaction, a larger and heavier machines have been 
developed for filed compaction to obtain specified 
characteristics with a minimum amount of energy (work) done 
and increase the compaction effort which improve the amount 
of compaction of the soil and enables greater dry unit weights 
to be achieved. In compaction laboratory tests the increase of 
compaction effort can be achieved either by using a heavier 
hammer and (or) using a greater drop height for the 
compaction hammer.  

The compaction effort is controlled by a combination of the 
parameters such as weight and size of the compactor, the 
frequency of vibration, the forward speed, the number of 
roller passes, and the lift height [1]. 

The compaction effort is one of the most important 
variables control the compaction behavior of soils. Hence, 
there is a need to know how the compaction effort affects the 
soil in compaction process. 

Little attention has been directed towards understanding 
the influence of compaction energy on strength and 
deformation properties of compacted soil which are directly 
related to soil type and moisture content. 

Much of the literature on influence of compaction energy 
on soil engineering properties focuses on dry unit weight as a 
key parameter of research [2,3,4,5,6] and the results of  these 
previous studies show that the maximum dry density 
considerable depends on soil type, soil moisture content and 
compaction energy. In this study an experimental program 
was carried out to assessment the effect of different 
compaction energies on compaction characteristics of high 
expansive soil the compaction test was performed by different 
number of hammer blows per each layer varied from 10 to 50 
blows, which result in varied energy per unit volume 
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II. MATERIALS TESTED 

EXPANSIVE SOILS 
The Expansive soil sample used for this research work is 

prepared in the laboratory by mixing of bentonite and 
collected expansive clay soil from Jerash city in Jordan from 
one test pit to prepare high expansive soils. Prior to 
compaction testing, atterberg limits were determined 
following (ASTM D 4318) for classification of the soil.   

The index properties of the investigated soil sample are 
presented in Table (1). For classification of expansive soil 
Chen [7] uses only plasticity index method for identifying 
expansive soils. Based on Chen classification the used soils 
sample for compaction test in this study is high plastic clay 
and high swelling potential soils. 
Table 1: liquid limit, plastic limit and plasticity index for 

high expansive soils used for standard Proctor tests 
 

Atterberg Limits Value % 

Liquid Limit 130% 

Plastic Limit 50% 

Plasticity Index 80% 

III. EQUIPMENT USED AND TESTING 

PROCEDURES 

Standard Proctor test equipment that used in this study was 
identical to that specified in ASTM D 698. The Standard 
Proctor compaction test was performed following the 
compaction procedures for the appropriate mold size used. A 
representative water content sample was taken from each 
compacted specimen and the water content was determined 
following ASTM D 2216. In the lab, specimens were 
compacted into the 944 Cm 3 of mass (standard Proctor 
mold); the number of layers of soil used for compaction was 
three of approximately equal mass for all cases over a wide 
range of moisture contents at each energy level to determine 
dry unit weight. However, the number of hammer blows per 
each layer varied from10 to 50, which varied the energy per 
unit volume. Table (3) shows the different applied energy to 
high swelling clay samples. The compaction effort is the 
amount of energy or work necessary to induce an increment in 
the density of the soil. The measurement of the compaction 
effort is specific energy value (E); applied energy per unit 
volume .The compaction energy per unit volume used for the 
standard Proctor test described in: 
E=   

 

(1) 
Or, in ISI units, 

 

(2) 

IV. RESULT AND DISCUSSION 

A. Compaction Curve 
The compaction curve represents the dry densities versus 

the water contents obtained from a compaction test.  
Four types of compaction curves as shown in “Fig. 1” Can 

be observed for different types of soils based on the value of 
liquid limit these curves are single peak curve type A, 
one-and-one-half-peak curve type B, double-peak curve type 
C, and odd shape curve type D ,Lee and Suedkamp [8], Das 
[9] 

After obtaining density and moisture of each compacted 
soil samples, the following relationships for dry density and 
moisture content that obtained are illustrates in “Figs.2 to8” 
below. It's clearly from the results obtained in this study the 
most compaction curves for tested soil samples under 
different compaction energy have irregularly shape. 

Based on types of compaction curves illustrated above, 
“Fig. 2”, is odd ship curve, “Fig. 3”,  is a single peak curve, 
“Fig. 4”, clearly showed double peaks compaction curve, 
while “Figs. 5,6,7”,   showed one and half peak compaction 
curves as show in these curves a very high dry density is 
obtained at the lowest water content which mean the highest 
dry density is obtained at the dry side of the compaction 
curves for high expansive clay. 

 
Fig. 1.Types of Compaction Curves Das[8] 

 

Fig. 2.Compaction curve for applied energy 356KN/m3 
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Fig. 3.Compaction curve for applied energy 475KN/m3 

 

Fig. 4.Compaction curve for applied energy 594KN/m3 

Table- II: Compaction energy applied to high swelling clay specimens 
Compaction test Volume of 

Mould 

Cm 3 

No of 

compacted 

layer 

Hammer 

blows per 

each layer 

Hammer 

mass 

kg 

Height of 

Hammer fall cm 

 

Energy 

applied 

KN/m3 

 

 

Standard compaction 

test 

 

 

 

944 

3 15 2.5 30.5 356 

3 20 2.5 30.5 475 

3 25 

(Standard) 

2.5 30.5 594 

3 30 2.5 30.5 713 

3 35 2.5 30.5 832 

3 40 2.5 30.5 950 

3 50 2.5 30.5 1188 

 

 

Fig. 5.Compaction curve for applied energy 713KN/m3 

 
Fig. 6.Compaction curve for applied energy 832KN/m3 

 

Fig. 7.Compaction curve for applied energy 950KN/m3 

 

Fig. 8.Compaction curve for energy applied 1188 KN/m 
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B. Effect of Compaction Energy 

The compaction curves which illustrated above 
demonstrated that as the compaction effort per unit volume of 
soil are changed, the moisture–density curve also changes.  

The values of maximum dry density for tested soils sample 
under different compaction energy have been summarized in 
table 4, and “Fig. 9” below. From the preceding observation 
the results below demonstrated that as the compaction energy 
is increased, the maximum dry unit weight of compaction is 
also increased to some extent.  

Variations of dry density with different applied compaction 
energy are presented in “Figs. 9,10”. As shown in the figure 
the dry density of the high expansive soils sample stared to 

decrease with increase of compaction energy until reached the 
energy of standard Proctor test 600KN/m3 after that the dry 
density stared increase with increase of applied energy.  The 
higher dry density from most results compaction curves is 
obtained at the dry side of the compaction curves for high 
expansive soils sample. Generally very slight increment of dry 
density (from 1.48 g/cm3 to 1.6 g/cm3) were observed 
compares to increment of applied energy (from356 KN/m3 
to1188 KN/m3), this mean that the high expansive soils are 
not highly affected by the increase of compaction energy . 

 
 

Table 4: The relation between maximum  dry density    and compaction energy for compacted 
high expansive soil 

 

Fig. 9.Compaction Curves for compacted high expansive soils at different compaction energy 

 

Compaction energy 

KN/m3 

356 475 594 713 832 950 1188 

Maximum dry 

density g/cm3 

1.48 1.47 1.45 1. 5 1.5 1.52 1.6 
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Fig. 10.Relationship between compaction energy and maximum dry density 

V. CONCLUSION 

Study the different geotechnical properties of various soils 
types is very important to the construction engineer. In this 
laboratory investigation, dry unit weight and moisture content 
parameters of high expansive soils with L.L=130%, and 
PI=80%, were evaluated as a function of compaction energy. 

Compaction curves results for high expansive soils sample 
used in this study from the lab  

standard compaction tests at different compaction energy 
were showed irregularly shaped compaction.  

According to this study, rather than single-peak 
compaction curve the most results compaction curves 
indicated a one and half-peak curve, and a double-peak 
compaction curve, and the highest dry density for the most 
soil sample is obtained at the dry side of the compaction 
curves. 

 Determination of optimum water content which achieves 
the maximum dry density for this soil could present a problem 
to the civil engineer. 

The maximum dry unit weight of high expansive soils 
sample used in this study was not highly affected by the 
increase of compaction energy but generally, the maximum 
dry unit weight increased as compaction energy increased, 
although the change of maximum dry unit weight is small, as 
it's found that the maximum dry density of tested high 
expansive soil samples increased from 1. 48 g/cm3 to 1.6 
g/cm3 with compaction energy increase from 356KN/m3 to 
1188KN/m3. 

The engineering properties of high expansive soils have to 
be studied in detail including their strength parameters. 
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