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Abstract 
The aim of this research is to study the effect of compaction energy on Jerash cohesive soil. Qualit-
ative and quantitative analyses of soil compaction energy with relation to unit weight and mois-
ture content are conducted. These analyses spot the light on energy savings performed for soil 
compaction. The study shows that as the compaction energy increases; the unit weight of the Je-
rash cohesive soil increases and the optimum water content decreases. Generally, a soil with low 
moisture content is less vulnerable to compaction than a soil with high moisture content. But 
when the moisture content is too high, all the soil pores are filled with water, so that the soil be-
comes less compressible where the unit weight and strength characteristics decrease. The opti-
mum energy value and optimum water content are thus of great concern. The effect of energy on 
soil unit weight is very large as the energy increases from 400 to 1400 KJ/m3 and after that level; 
the effect of energy on soil unit weight is very small. Consequently, optimal compaction energy 
ranges from 1200 up to value 1400 KJ/m3, where 50 to 60 blows can be applied and the optimal 
correlated water content is between 14% - 15%. 
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1. Introduction 
In the construction of highways, for earth dams and other engineering structures, loose soil must be compacted 
to increase its unit weight, and in turn increasing soil strength characteristics, increasing soil bearing capacity, 
and decreasing soil settlement. 

The soil compaction can be defined as “the process by which the soil grains are rearranged to decrease void 
space and bring them into closer contact with one another, thereby, increasing the bulk density” [1]. Compaction 
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or densification of soil is done by removal of air which requires mechanical energy. Sheep feet rollers, rubber 
tired rollers and vibratory rollers may be used for soil compaction. 

Knowledge of water contents in relation to the soil compaction for a particular soil can be helpful in schedul-
ing the routine mechanical operations on that soil [2] [3]. 

The soil compaction is accompanied by the removal of the soil air, changes the soil structure, and macroscop-
ically increases the soil strength [4]. The soil compaction process is highly influenced by the soil water content 
[5]-[7]. 

Vulnerability of a soil to compaction at the given soil moisture and energy level depends also on its clay con-
tent and mineralogical characteristics [8] [9]. Generally, a soil with very low moisture content is less vulnerable 
to compaction than a soil with high moisture content [10]. But when the moisture content is so high that all the 
soil pores are filled with water, the soil becomes less compressible [8]. 

Bulk density (dry soil mass per unit volume) is the most frequently used parameter to characterize the soil 
compaction [11]. In swelling-shrinking soil, it is recommendable to determine the bulk density at the standard 
moisture contents [12]. 

2. Methodology 
The aim of this research is to study the effect of energy on dry unit weight of Jerash cohesive soil. Consequently; 
qualitative and quantitative analyses of soil compaction spot the light on soil strength characteristics and energy 
savings performed for soil compaction. 

To perform the compaction test, samples were taken from eastern area of Jerash city in Jordan. The compac-
tion test was conducted using “Standard Proctor Test”. The number of hammer blows per each layer varied from 
20 blows per layer to 70 blows per layer which in turn varied the energy per unit volume.  

The soil was mixed with varying amount of water and then compacted in three equal layers by hammer that 
delivered 20 blows to each layer. The moisture-unit weight relationship was plotted for each sample tested to 
obtain the maximum dry unit weight. 

The same procedure was repeated with 25, 30, 40, 50, 60, and 70 blows per layer. The optimum water content 
and maximum dry unit weight were obtained for each. 

3. Discussion and Analysis 
The degree of compaction of a soil is measured in terms of its dry unit weight. Many researchers studied the 
factors affect compaction characteristics of the soil; and they found that the soil type, grain size, grain distribu-
tion, and grain shape were of great influence on the maximum dry unit weight. 

In this investigation, the effect of energy on the dry unit weight of Jerash cohesive soil was studied. The 
compaction energy per unit volume (KJ/m3) used for Standard Proctor Test is given by the following equation: 

( ) ( ) ( ) ( )
Energy

Number of blows per layer Number of layer * Weight of hammer * Height of drop of hammer
Volume of mold

∗
=

 

To study the effect of energy on the dry unit weight of Jerash cohesive soil, samples were taken from eastern 
part of Jerash city. The physical properties of the soil are given in Table 1. 

The soil was mixed with water and compacted in three equal layers by hammer that delivered 20 blows to 
each layer. The procedure was repeated with 25, 30, 40, 50, 60, and 70 blows per layer. The optimum water 
content and maximum dry unit weight were obtained for each trial as shown in Figure 1 and Table 2. 

While the compaction energy increases from 480 to 1680 KJ/m3, the dry unit weight of Jerash cohesive soil 
increases from 14 to 16 KN/m3 and the optimal water content (OWC) decreases from 26% to 12% (Figure 2, 
Figure 3). These ranges provide information about how we may manage the compaction to a wise procedure 
 

Table 1. Physical properties of Jerash cohesive soil.                                               

Specific Gravity Plasticity Index Plastic Limit Liquid Limit Clay Silt Sand 

2.67 22% 36% 58% 54% 39% 7% 
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Table 2. The results of standard Proctor test on Jerash cohesive soil.                                                 

Number of Blows per Layer Energy per Unit Volume (KJ/m3) Optimum Water Content OWC % Unit Weight γd (KN/m3) 

20 480 26 14 

25 600 24 14.4 

30 720 21 14.7 

40 960 17 15.3 

50 1200 15 15.7 

60 1440 14 15.9 

70 1680 12 16.0 
 

 
Figure 1. The values of unit weight moisture content varying within different com-
paction blows for Jerash soil.                                                

 

 
Figure 2. Relation between unit weight and compaction energy for Jerash soil.         

 
without wasting time, effort, and energy. The effect of energy on dry unit weight is very large as the energy in-
crease from 480 to 1400 KJ/m3 and after that level, the effect of energy on the unit weight is very small as 
shown in Figure 2. 

It is worthy to recall that for certain number of blows and while increasing water content, that the soil unit 
weight increases to optimal value and then decreases is because the soil with low moisture content is less sus-
ceptible to compaction than the soil with high moisture content. But when the moisture content is too high, all 
the soil pores are filled with water, so that the soil becomes less compressible as that is interpreted previously in 
Figure 1. Generally, while the compaction energy increases, the unit weight of the Jerash cohesive soil increases 
as the optimum water content decreases. Thus optimum energy value and optimum water content are of great 
concern about soil unit weight, soil strength characteristics, and soil energy compaction. 
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Figure 3. Relation between optimal water content and compaction energy for Jerash soil.        

4. Conclusions  
This investigation focuses on the effect of compaction energy on dry unit weight of Jerash cohesive soil. The 
optimum energy value and optimum water content are of great concern about soil unit weight, soil strength cha-
racteristics, and soil energy compaction. 

Results on Jerash cohesive soil show that as the compaction energy increases, water content decreases, and 
the unit weight increases. The effect of compaction on unit weight of Jerash cohesive soil is very large as the 
energy varies from 400 to 1400 KJ/m3, and the effect after that level is very small, which means that any further 
compaction of Jerash cohesive soil is not wise. In fine, optimal compaction energy ranges from 1200 to 1400 
KJ/m3, where 50 to 60 blows can be delivered, and optimal water content is between 14% - 15%. 
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