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Introduction
The technique of soil compaction has been discussed in numerous
articles.

However, only very general recommendations regarding

the choice of the most efficient and economical compaction equip
ment for different soil conditions are usually given in these articles.
It is therefore often difficult to decide which type of compaction

equipment should be used for different soils on the bases of routine
soil investigations and from presently available soil classification
systems. The usual classification systems for fine grained soils
which are based on the liquid and plastic limits can frequently not be
directly related to the compaction properties.

Due to these diffi

culties an attempt has been made to develop a soil classification
system with respect to the compaction properties of different types
of soils. Such a classification system is proposed and discussed
in this article.
Proposed classification system
The proposed classification system consists of the following four
principal groups:
I.

Rock fill and granular soils with large stones and bouldersa)
(Less than 5 to 10 % of material smaller than 0. 06 mmb), c))

II.

Sand and gravel
(Less than 5 to 10 % of material smaller than 0. 06 mmb), c))
A.

Well graded sand and gravel
( Coefficient of uniformity larger than 4)

B.

Uniformly graded sand and gravel
( Coefficient of uniformity less than 4)

a) Largest dimension exceeding 200 mm (8 in).

b) Percentage of fines determined on the fraction with a maximum
grain size of 19 mm ( 3/4 in).
c) The size 0. 06 mm represents in most classification systems the
boundary between sand and silt. The size 0. 074 mm (sieve No.
200) is, however, often used in practice instead of 0, 06 mm.
d) Clays can generally be separated from silts by shaking tests and
plasticity tests.

2.

III.

Silt, silty soils, clayey sand and c,laYE\Y gravel

.rll? .-.,,/;q;,,

(More than 5 to 10 % of materiall:a,gc-r than 0. 06 mm

b)
'

A. Silty sand and silty gravel
B. Silt and sandy silt, clayey sand and clayey gravel.
IV.

Clayd), 1 )
A. Clay with low or medium strength
(Unconfined compressive strength less than 20 t/m

2

(2. 0 tons/sq ft) or undrained shear strength less than
2
10 t/m (1. 0 tons/sq ft) ).
B. Clay with high s~rength
(Unconfined compressive strength larger than 20 t/m

2

(2. 0 tons/sq ft) or undrained shear strength larger than
2
10 t/m (1. 0 tons/sq ft) ).

Comments and discussion
The classification of soils according to the proposed system should
be relatively simple. It is necessary to determine the grain size
distribution curves of the soils belonging to Groups I, II and III.
For soils in Group IV the unconfined compressive strength or un
drained shear strength has to be estimated or measured. The strength
should be determined at the water content which will be used during
the compaction by unconfined compression, vane, penetrometer or
fall-cone tests.
Groups I ·and II are non-cohesive soils with high permeability. Thus
excess water can be forced out of these soils during the compaction,
and the surface of the compacted fill will not be soft, even if the
soil is compacted at high water content. Soils belonging to Groups
I and II have a high bearing capacity when compacted and they are
not susceptible to frost action.

1)

Peck, R. B., Hanson, W. E. and Thornburn, T. H., "Foun
dation Engineering", John Wiley & Sons, New York, 1952,
p. 12.

3.

The best compaction is obtained when the materials are saturated or
watered. The Proctor curve is often relatively flat, and in such a
case a satisfactory compaction can be obtained also at water contents
lower than the optimum. Good compaction can in many cases be
obtained when the soils are completely dry.
A small amount of fines (silt and clay size materials) can be accepted
in the soils belonging to Group I and II.

Experience from the Scan

dinavian countries indicates that up to 10
0. 06 mm generally can be accepted.

% of fines smaller than

The maximum percentage of

fines varies, however, depending on the particle size and other
properties of the material smaller than 0. 06 mm, and a maximum
percentage of fines of 5 to 10 % is therefore indicated in the pro
2
posed classification system ).
Groups III and IV are generally well graded soils with a high content
of fines. The degree of compaction which can be reached for these
soils is dependent of the water content.

If a high degree of compac

tion is required, the water content should not differ considerably
from the optimum water content.

The water content is also of great

importance with respect to the strength and compaction properties
of the soils.
Sand and gravel and other coarse grained soils can as a rule be
efficiently compacted by vibration.

To compact fine grained, co

hesive soils compaction machines with high contact pressures are
required to overcome the shear resistance of the soil.
sures may be applied statically or dynamically.

The pres

The contact pres

sure must be at least five to six times the undrained shear strength
of the compacted soil. Rubber-tired rollers give a maximum sur
2
face pressure of about 6 - 8 kp/cm (90 - 120 psi). At this contact
pressure it is possible to compact cohesive soils with a maximum
2
undrained shear strength of about 10 - 15 t/m (1. 0 - 1. 5 tons/sq
ft). This shear strength corresponds to an unconfined compressive
2
strength of about 20 - 30 t/m (2. 0 - 3. 0 tons/sq ft), and it is
possible to indent a soil with this shear strength with the thumb.

2)

See also "Earth Manual", Bureau of Reclamation, Denver,
Colorado, 1963, p, 208.

4.

When the unconfined compressive strength exceeds 20 t/m

2

(2. 0

tons/sq ft) sheepsfoot rollers or other compaction machines with
higher contact pressure than rubber-tired rollers usually will be
required.
The proposed classification system does not include organic soils
which are usually not used in compacted fills.
Group I.

Rock fill and granular soils with large stones and boulders

Rock fill and other materials containing large stones must be com
pacted in thick layers.

The maximum diameter of the stones should

be less than 1/2 or 2/3 of the layer thickness.

Heavy vibrating

rollers with 10 to 15 tons weight give a sufficient compaction effect
to compact efficiently rock fill in layers with a thickness up to
1 - 2 m (40 - 80 in).
The placement and compaction of rock fill and other coarse material
in 0. 5 - 2 m (20 - 80 in) layers with a bulldozer generally results
in a fill with a comparatively high relative density. Settlements
in a rock fill or a coarse granular fill which is placed and compacted
in suitable lifts by a crawler tractor are generally small, especially
in the case when the fill is sluiced or saturated.

Group II. Sand and gravel
Vibrating rollers and vibrating plate compactors are effective and
economical in soils belonging to Group II.

Layers with a thickness

up to 0. 5 - 1. 5 m (20 - 60 in) can be efficiently compacted by
vibrating rollers and vibrating plate compactors of medium and
heavy size.

Light vibrating rollers and vibrating plate compactors

can also be used if the layer thickness is small.

Type II soils can also be efficiently compacted when saturated
with vibrators which are inserted into the soil.
Also static smooth-wheel rollers, rubber-tired rollers, pad-type
rollers, grid rollers and crawler tractors are used to compact
sand and gravel, but the layer thickness should be smaller than
for medium and heavy size vibratory compactors.

5.

Very often self-propelled rollers do not have sufficient traction
on uniformly graded sand and gravel.

This must be considered

when suitable compaction equipment is selected.
Group III.

Silt, silty soils, clayey sand and clayey gravel

Group III soils are as a rule compacted efficiently by heavy
rubber-tire'd rollers. Also heavy rubber-tired tractors can
be used.

Vibrating smooth-wheel rollers are also effective,

especially on soils of type silty sand and silty gravel (Group
III A).

Moraines often belong to Group III A.

However, the

layer thickness must be lower than for the soils of groups I
and II. Static and vibrating pad-type rollers and grid-rollers
are other alternatives.
The types of machines which are suitable for soils in group
III can as a rule also be used to compact soils stabilized with
cement, lime and bituminous products.

Group IV.

Clay

The results of the compaction of clay are to a very high degree
dependent of the shear strength of the soil and thus of the
water content. Clay of low or medium strength can usually
be compacted efficiently by rubber-tired rollers or by static smooth-wheel, grid- or pad-type rollers. Also sheepsfoot
rollers are used since it is possible with this type of equipment

to dry the surface layer of the soil.
Since the strength of the soil varies considerably with the water
content, the weight of the rollers is of great importance.

Thus

the ballast and tyre pressure of rubber-tired rollers have to be
adjusted to fit the water content and strength of the soil.
At a high water content and very low strength the bearing capacity
will be too small for most types of compaction machines. In such
cases crawler tractors are often used for compaction.

With a

high water content, however, the density of the fill will be low,
why such materials are used in fills only in special cases.

6.

When clay and clayey soils with a high strength - unconfined
2
compressive strength larger than 20 t/m (2. 0 tons/sq ft)
- are compacted it is necessary to use sheepsfoot rollers or
other compaction machines with high contact pressures. Heavy
pad-type rollers or heavy vibrating rollers can also be used.

To compact weathered rock, heavy static or vibrating sheeps
foot rollers are efficient.

Small compactors
Vibrating plate compactors, vibrating tampers and rammers
are used for small jobs and as a complement to large com
paction machines.

Vibrating plate compactors are most suitable

in soils in Group II and III.

Vibrating tampers and rammers

produce higher contact pressures and are efficient on soils be
longing to Groups II, III and IV.
Summary and Conclusions
A system for classification of soils with reference to com
paction is proposed in this article.

The proposed system

consists of four principle soil groups.
are divided in subgroups.

The principle groups

Within each soil group it is expected

that the degree of compaction which can be reached for a
given compaction machine will be approximately the same.
The types of compaction equipment which are suitable for the
compaction of soils belonging to the proposed soil groups as
proposed in this article are summarized in Table 1.
The proposed classification system is tentative and it is ex
pected that changes will be required as further experience is
gained with the system.

It is possible that additional groups

will be required but it is desirable to keep the number of
principle groups as low as possible in order to make the clas
sification system simple and easy to use.
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