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Compaction Procedures, Specifications, and 

Control Considerations 
ERNEST T. SELIG 

This paper provides a review of soil compaction principles and practice. 
The nonlinear relation of compaction energy to resulting density is 
shown. The need to consider the effect of change in moisture from the 
as·compacted state is pointed out. Factors that influence the reference 
test for specifying compaction are discussed to show the uncertainty in 
the resulting maximum dry density and optimum moisture content. 
Factors that influence field compaction are also described, and the possi
bility of a large variation in compaction results with field conditions is 
demonstrated. The need for more awareness of the effects of methods 
of preparation and uniformity of procedures is indicated. Limitations 
of density as a method of specifying compaction are pointed out. The 
type and magnitude of compaction measurement errors are defined and 
implications for compaction control are discussed. Finally, because 
knowledge of compactor performance in combination with observa-
tion of field procedures is a meaningful basis on which to judge compaction, 
some basic principles of compactor performance evaluation are described. 

The purpose of this paper is to review and evaluate 
methods of specifying, achieving, and controlling 
field compaction. Although compaction is an impor
tant part of all earthwork projects, it is often 
tr~ated casually. Present practice does not reflect 
the knowledge gained from the extensive past studies 
of compaction. Many basic principles are either not 
understood or not applied. Furthermore, discrepan
cies often exist between compaction expectations and 
reality. 

BASIC CONCEPTS 

Compaction is the process of soil densification by 
mechanical manipulation (1). Densification is 
achieved by reduction in vOi.ume of the air voids. 
Thus, during compaction the moisture content remains 
unchanged, in the absence of wetting and drying 
caused by weather conditions, and the percentage of 
saturation increases. Consolidation, in contrast, 
is the process of volume reduction in saturated 
soils that takes place gradually as pore water is 
expelled (_!) • Unfortunately, the terms compaction 
and consolidation are often interchanged erroneously 
in practice. 

The obtaining of a greater unit weight of soil is 
not a direct objective of compaction. Instead, the 
reason for compacting is to improve soil properties 
such as increasing strength, decreasing compressi 
bility, decreasing permeability, and reducing swell
ing and shrinking. However, density is the most 
commonly used parameter for specifying the desired 
amount of compaction and for determining the state 
of compaction. This is primarily a consequence of 
historical tradition and convenience. An increase 
in density implies an improvement in the other 
parameters. However, a given density, or even a 
given percentage of compaction, does not produce the 
same magnitude of strength and compressibility prop
erties for all soils. The use of density specifica
tions causes this fact to be deemphasized. 

If we exclude certain soils, such as relatively 
clean sands and gravels, the most common density 
reference tests for compaction specifications are 
AASHTO T99 (ASTM 0698) and AASHTO Tl80 (ASTM 
01557). In these tests, soil is compacted by the 
impact of a dropped weight. The compactive effort 
per unit volume E for this type of test is computed 
as follows: 

E=WhNn/Vm 

where 

W impact hammer weight, 
h hammer drop height, 
N number of drops per layer, 
n c number of layers, and 

Vm z mold volume. 

(I) 

Thus, for the AASHTO T99 test, E = 12 300 ft-lb/ft 1 , 

and for the AASHTO Tl80 test, E = 56 100 ft-lb/ft 1 • 

As indicated in Figure 1, the density achieved is 
neither proportional to the compactive effort nor 
linearly related to it. Thus, an increase in the 
amount of compaction from 95 percent AASHTO Tl80 to 
100 percent AASHTO Tl80 might require a 500 percent 
increase in effort. This is an important fact to 
consider when attempting to achieve additional com
paction in the field. 

The general relations of dry density and strength 
to moisture content produced by the reference com
paction tests are shown in Figure 2. These trends 
have been well established and are representative of 
most soils. The individual curves in Figure 2 are 
obtained by applying a constant compactive effort to 
samples of soil prepared with different moisture 
contents. The maximum dry density (MDD) occurs at a 
particular moisture content known as the optimum 
moisture content (OMC) • When soil is compacted at 
both higher and lower moisture contents than optimum 
by using the same effort, the dry density achieved 
is less than the maximum. As the effort is in
creased, MDD increases and OMC decrease.s. The maxi
mum as-compacted strength occurs at a compaction 
moisture content lower than optimum. At moisture 
contents well above optimum, the as-compacted 
strength is low, and an increase in compactive ef
fort may actually produce a lower strength. 

An important consideration, not always remem
bered, is that the relation in Figure 2 represents 
behavior of soil when the moisture content remains 
at the value during compaction. The equilibrium 
moisture content that develops in the field after 
compaction as a result of environmental factors may 
be very different from the moisture content chosen 
for compaction and may vary with time. Any such 
changes will alter the strength and density by an 
amount that depends not only on the magnitude of 
moisture change but also on the relation of the 
as-compacted moisture content to optimum. Consider
ation of this factor is an essential part of proper 
earthwork design. 

Factors That Influence Reference Test Results 

Many factors influence the values of MDD obtained 
with the AASHTO T99 and Tl80 reference tests. These 
have been described in detail by Johnson and 
Sallberg (_£). In summary, these factors are as 
follows: 

1. Size and shape of mold--Test standards fix 
values for these so that their influence on MDD 
should be consistent. 

2. Mold support--Variations in this can cause up 
















