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Chapter 6 

  
Soil Compaction 
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Introduction 

Soil Engineering EENV 4300 

 In the construction of highways, embankments, earth 
dams, and many other engineering structures, loose 
soils must be compacted to increase their unit weights. 
Compaction, in general, is the densification of soil by 
removal of air, which requires mechanical energy. 
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Definition of Compaction 

Soil Engineering EENV 4300 

 Compaction, in general, is the densification of soil by 
removal of air, which requires mechanical energy. 

 Compaction of soils is achieved by reducing the 
volume of voids. It is assumed that the compaction 
process does not decrease the volume of the solids or 
soil grains· 
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Definition of Compaction 
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 Note: The degree of compaction of a soil is 
measured in terms of its dry unit weight. 
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Effect of Water 

Soil Engineering EENV 4300 

 When the moisture content is gradually increased and 
the same compactive effort is used for compaction, the 
weight of the soil solids in a unit volume gradually 
increases; i.e. the density increases. (why? See * next 
slide) 

 Beyond a certain moisture content, any increase in the 
moisture content tends to reduce the dry unit weight. 
(why? See ** next slide) 
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Effect of Water 

Soil Engineering EENV 4300 

* When water is added to the soil during compaction, it 
acts as a lubricating agent on the soil particles. The soil 
particles slip over each other and move into a densely 
packed position. The dry unit weight after compaction 
first increases as the moisture content increases. 

**Beyond a certain moisture content, any increase in the 
moisture content tends to reduce the dry unit weight. 
This phenomenon occurs because the water takes up the 
spaces that would have been occupied by the solid 
particles.  

The moisture content at which the maximum dry unit 
weight is attained is generally referred to as the 
optimum moisture content (OMC). 
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Optimum Moisture Content 
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Benefits of Compaction 
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 Compaction increases the strength characteristics of 
soils, which increase the bearing capacity of 
foundations constructed over them.  

 Compaction also decreases the amount of undesirable 
settlement of structures and increases the stability of 
slopes of embankments. 

 Compaction decreases the soil permeability. 
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Proctor Tests 
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 Proctor test is made to determine the maximum dry 
density and the optimum moisture content of a soil. 

 Two tests exist: 
1- Standard Proctor Test 
2- Modified Proctor Test 



10 

1- Standard Proctor Test 
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The soil is compacted in in three equal layers in a mold 
that has a volume of 944 cm3 (1/30 ft3) using a hammer 
that delivers 25 blows to each layer. The hammer has a 
mass of 2.5 kg and has a drop of 30.5 cm. 
 
The previous procedure is repeated for varying amounts 
of water.  
For each test, γ can be calculated using: 
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….1- Standard Proctor Test 
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Mold and Hammer of Standard Proctor Test 
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Photograph of the Standard Proctor Test Lab Equipment 
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2- Modified Proctor Test 
 With the development of heavy rollers and their use in field 

compaction, the standard Proctor test was modified to better 
represent field conditions. This revised version is referred to 
as the modified Proctor test (ASTM Test Designation D-
1557 and AASHTO Test Designation T-180). 

 The same mold is used with a volume of 944 cm3, as in the 
case of the standard Proctor test. However, the soil is 
compacted in five layers by a hammer that has a mass of 
4.54 kg. The drop of the hammer is 457 mm. The number of 
hammer blows for each layer is kept at 25 as in the case of 
the standard Proctor test. Figure 6.7 shows a comparison 
between the hammers used in standard and modified Proctor 
tests. 
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Comparison between 
standard Proctor 
hammer (left) and 
modified Proctor hammer 
(right) 
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Factors Affecting Compaction 
1. Moisture content  (previously explained) 

2. Soil type 

3. Compaction effort 
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1- Effect of Moisture Content on Compaction 
The effect of moisture has been discussed previously. 
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2- Effect of Soil Type on Compaction 

 The soil type—that is, grain-size distribution, shape of the 
soil grains, specific gravity of soil solids, and amount and 
type of clay minerals present—has a great influence on the 
maximum dry unit weight and optimum moisture content. 

 Fine grained soil needs more water to reach optimum; 

 Coarse grain soil needs less water to reach optimum. 

 See next slide, Fig. 6.4  
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Effect of Compaction Effort 
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Effect of Compaction Effort (standard vs modified) 
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…Effect of Compaction Effort 
From the preceding observation in Figure 6.6, we can see 
that: 
1. As the compaction effort is increased, the maximum dry 

unit weight of compaction is also increased. 
2. As the compaction effort is increased, the optimum 

moisture content is decreased to some extent. 
 
Note that the preceding statements are true for all soils. Also, the 
degree of compaction is not directly proportional to the compaction 
effort. 
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…Effect of Compaction Effort 
The compaction effort can be quantified using a term called 
the compaction energy per unit volume (E). 

For the standard Proctor test, E can be calculated as: 
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It is a curve representing the maximum dry unit weights 
with zero air voids. 
It can be obtained by using S = 1. 

Since 

Therefore, 

Zero-air-void Curve 
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Zero-air-void Curve 
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Determination of Field Unit Weight of Compaction 
As an engineer, you often face cases in which you need to 
determine whether the specified soil unit weight has been 
achieved by the contractor.  
There are several methods that can be used to determine the 
field unit weight of a compacted soil. Some of them are: 

1. Sand cone method 
2. Rubber balloon method 
3. Nuclear method 
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1- Sand Cone Method 



35 

… 1- Sand Cone Method 

W1 = weight of (jar + cone + Ottawa sand) 
W2 = weight of the moist soil excavated from the hole 
 
W3 = Dry weight of excavated soil,   
 
 
 

W4 = weight of (jar + cone + the remaining sand in jar) 
W5 = weight of sand to fill the hole and cone = W1 – W4  
  

After excavation of the hole, the cone with the sand-filled jar 
attached to it is inverted and placed over the hole (Figure 6.24). 
Sand is allowed to flow out of the jar to fill the hole and the 
cone.  The following calculations apply: 
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… 1- Sand Cone Method 
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… 1- Sand Cone Method 
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Specifications for Field Compaction 
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…Specifications for Field Compaction 
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