
Soil Compaction  

 Learning Objectives; 

       1- Understand the purpose and importance 

             of soil compaction. 

2- Know the factors that will influence the 

field compaction of soil 

 3-Ability to determine the optimum moisture 

content and maximum dry density from a 

standard or modified proctor test result.  

 



 Compaction is the densification of the soil by the application of mechanical 

energy. 

 Compaction is the most common and important method of soil improvement. 

 

 



 Why Compaction is important: 

 improve characteristics of soils by: 

 1- Increases Strength            2- Decreases permeability  

3- Reduces settlement of foundation  

4- Increases slope stability of embankments  

 Soil Compaction can be achieved either by static or dynamic loading:  

1- Smooth-wheel rollers  

2- Sheepfoot rollers  

3- Rubber-tired rollers  

4- Vibratory Rollers 



 General Principles:  

 The degree of compaction of soil is measured by its unit weight, 𝜸𝒅, and 

optimum moisture content, 𝝎𝒄.  

 The process of soil compaction is simply expelling the air from the voids.  

     or reducing air voids  

  Reducing the water from the voids means consolidation.  

Mechanism of Soil Compaction  



      By reducing the air voids, more soil can be added to the block. When moisture is 

added to the block (water content, 𝝎𝒄, is increasing) the soil particles will slip more on 

each other causing more reduction in the total volume, which will result in adding more 

soil and, hence, the dry density 𝜸𝒅 will increase, accordingly.  

       Increasing 𝝎𝒄 will increase up to a certain limit (Optimum moister Content, OMC) 

       after this limit, Increasing 𝝎𝒄 will decrease. 

 



 Laboratory Compaction:  

 Two Tests are usually performed in the laboratory to determine the maximum 

dry unit weight and the OMC.  

 1- Standard Proctor Test  

 2- Modified Proctor  

 

Test In both tests the compaction energy is:  

 

 







Standard Proctor Test 

 A standard volume (944 cc ) is filled up with soil in 3 layers 

(fig.5.2). 

 Each layer is compacted by 25 blows of a standard hammer of 

weight 2.495 kg, falling through 304.8 mm. 

 Calculate the dry unit weight of the compacted soil. 

 The test is repeated at different water content. 

 The dry unit weight vs. the water content is plotted to obtain 

compaction curve. 

 The peak point ----> maximum dry unit weight ( 𝛾 dmax) and 

optimum water content (Wopt). 

 

 





 Factors Affecting Compaction 

1- Effect of Soil Type                                        



2- Effect of Compaction Effort 

Clayey soil 



EXAMPLE 1 









 Determination of Field Unit Weight of Compaction 

When the compaction work is progressing in the field, 

knowing whether the specified unit weight has been 

achieved is useful. The standard procedures for determining 

the field unit weight of compaction include 

 
1. Sand cone method 
2. Rubber balloon method 
3. Nuclear method 



Sand cone method 

1. The sand cone device consists of a glass or plastic jar 

with a metal cone attached at its top. 

2. The jar is filled with uniform dry Ottawa sand. The 

combined weight of the 

3. jar, the cone, and the sand filling the jar is determined 

(𝑊1).  
4. In the field, a small hole is excavated in the area where the 

soil has been compacted 
 



5-  If the weight of the moist soil excavated from the hole (𝑊2) is determined and 

the moisture content of the excavated soil is known, the dry weight of the soil 

can be obtained as: 

𝑾𝟑 =
𝑾𝟐

𝟏 + 𝝎𝒄
 

6- After excavation of the hole, the cone with the sand-filled jar attached to it is 
inverted and placed over the hole. Sand is allowed to flow out of the jar to fill the 
hole and the cone. After that, the combined weight of the jar, the cone, and the 
remaining sand in the jar is determined (W4), so 

𝑾𝟓 = 𝑾𝟏 − 𝑾𝟒 
𝑾𝟓  weight of sand to fill the hole and cone 

7- The volume of the excavated hole can then be determined as: 
 

𝑽 =
𝑾𝟓 − 𝑾𝒄𝒐𝒏𝒆

𝜸𝒅 (𝒔𝒂𝒏𝒅)
 

𝑾𝒄𝒐𝒏𝒆  weight of sand to fill the cone only 
 
8- The dry unit weight of compaction made in the field then can be 
determined as follows: 

𝜸𝒅 (𝒔𝒐𝒊𝒍) =
𝒅𝒓𝒚 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒆𝒙𝒄𝒂𝒗𝒂𝒕𝒆𝒅 𝒔𝒐𝒊𝒍 𝒐𝒇 𝒕𝒉𝒆 𝒉𝒐𝒍𝒆

𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒉𝒐𝒍𝒆
=

𝑾𝟑

𝑽
 

 



EX 2 




