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Materials

compaction
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Learning objectives:  (also review Borrow Pit and Equipment production in the 

Construction engineering module for more information)

1. Understanding the moisture-density relationship in respect to compaction.

- Cohesionless/Cohesive Soils

2. Determining compaction Standard/Modified Proctor Test

3. Important formulas and equipment for compaction.

Learning objective #1: Understanding the moisture-density relationship 

The moisture-density relationship:  The amount of compaction, which is just creating more 

dense (higher pcf) soils depends on four things; 

1. Amount of energy used (ex. How many times a compactor roller over the soil)

2. How the energy is applied (ex. Is the compactor a vibrating or sheepfoot)

3. The type of soil involved (ex. cohesive, non cohesive)

4. The soils water content (ex. What is the percentage of water with respect to soil.

This section discusses the relationships among these factors;

Cohesionless Soils.  First it is pretty intuitive that the more energy applied to the soil during 

compaction the more dense you will make it.  This is the case with Cohesionless 

(sand/gravel) which you can review the figure below.  Also which is obvious is that 

cohesionless soil would require a vibratory roller to create the best results due to needing to 

move the soil particles around to fill the voids.

The figure to the right is a idealized 

moisture-density curves for clean sand.  The 

two lines represent different energy levels 

for compaction.  The curves are S shaped,  

which means the highest density are with 

very little water content and then very high 

water content.  If the dotted line represented 

the required density level you can clearly 

see that there are multiple potential ways to 

achieve that.  In the end, it is the project 

manager job to get the soil compacted in the 

most economical way.
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Cohesive Soils.  Below is the Moisture-density curves characteristic of a cohesive soil.  As 

expected increased compactive energy results in increased densification.  The 

maximum density for a given effort is obtained at a optimum water content, as shown 

at point a and b.  Again if the dotted line represents the required dry density, the you 

can see there are a few options that the could used to achieve the desired results.
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Learning objective #2: Determining compaction Standard/Modified 

Proctor Test

All test methods for compaction are similar.  They specify the soil to be used and the 

compactive effort to be exerted in developing the moisture density relationship.

 For plastic soils, the most widely used test method is the Standard Proctor Test (SPT).  

For soils where very high densities are to be specified ( for most road and foundation 

work) then the Modified Proctor test is used.  Below is a quick comparison of the two 

tests. You should notice that the modified uses a significantly higher energy level than 

the SPT, which will result in higher densities than the SPT.
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 Below is an example input and output of an Standard Proctor Test



www.learncivilengineering.com 5

Soil mechanics analysis

compaction



www.learncivilengineering.com 6

Learning objective #3: Important formulas and equipment for compaction.



 In a contract a lot of times it will state that the soil has to be compacted at 95% of 

maximum dry density, it should also state which testing procedure that it has to be 

relative to.  

Relative compaction (RC) = γd / γd(max) x 100%
Where: 

γd = actual tested dry density ; γd(max) = SPT max dry density

 Below is acceptable compaction equipment for different soil;
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