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LABORATORY COMPACTION TECHNIQUE
A.L. LITTLE B.Sc.(Eng)., A.M.I.C.E.
SUMMARY.
The paper discusses the Dietert method of compaction in the Laboratory and describee ways
of measuring shear strength of the compacted soils« Reference is made to the relation between
the Proctor and Dietert techniques, and tentative suggestions are made for a modification of
the Dietert technique.
INTRODUCTION.
The original Laboratory Compaction Appa
ratus was devised by Proctor and was described
by him in 1933« 1)
The test is used as a method of control
when building earth embankments or compacting
the subgrade of roads etc. It is proposed to
adopt the Proctor technique as a Standard of
the British Standards Institution. It has also
been adopted by the American Association of
State Highway Officials and is known as
AASHO T - 99 - 38. A full discussion of the
test may be found in a paper by Markwick. 2)
For various reasons, another type of Com
pactor manufactured by Dietert 3) (original
ly for Foundry Sands) has been adopted for use
in the Laboratory of Messrs. Soil Mechanics,
Ltd., London, and lias been correlated with the
Proctor Apparatus.
THE PROCTOR TECHNIQUE.
The Proctor technique is well-known, but
briefly it consists of miring soil to a known
water content and ramming it into a mould
4-inches diameter with a volume of l/JOth cubic
foot. The rammer weighs
and is dropped
through 1 foot. The mould is filled in three
approximately equal layers each layer being
struck 25 times with the rammer. In order to
make sure that the mould is filled, a loose
collar is provided to accomodate surplus soil
which is removed when the compaction is com
plete. The weight of soil in the mould is meas
ured and the density is determined. The opera
tion is repeated for a number of different
moisture contents and a graph is drawn (as in
Fig. 3) showing the variation between density
and moisture content.
It is usual to express the density as dry
density, i.e. the amount of dry soil contained
in unit volume of the mixture - soil and water.
This avoids the masking effect of the moisture
content.
The graph indicates a maximum dry density
at a definite moisture content known as the
"optimum". Both the mmri mum dry density and
the optimum moisture content are characteris
tics of the soil and depend to some extent on
its Liquid Limit.

FIG.1

junction with either li-inch diameter cylin
ders (F) or the shear box (G). "H" is a spiral
depth gauze used to measure the lenght of the
samples. It is calibrated so that the "wet"
density in pounds per cubic foot is given by
dividing the weight of the soil pat in gms by
the gauge reading.
The Dietert machine as originally used
had a single fixed "foot" of 2-inches diameter
and was used to compact soil pats in connection
THE DIETERT TECHNIQUE.
with soil stabilisation tests. The following
Figure 1 shows a photograph of the Dietert
technique was finally evolved for this purpose:
machine and its accessories. Figure 2 is an out 1) A quantity of soil was mixed to the required
line drawing showing the principal factures. A
moisture content.
weight "A" slides freely up and down the guide
2) 150 gms of this wet soil was put into the
"B" and is actuated by the cam "C"-. This cam
2-inch diameter cylinder.
which moves up and down with the guide ensures
3) This soil was compacted by allowing the
that the weight always falls through the same
weight to fall on it 10 times.
distance whatever the initial thickness of the
4) The cylinder was inverted and ten blows
soil pat. Detachable "foot" "D" and "E" may be
struck on the other side of the pat.
screwed on to the guide rod to be used in con5) The weight and length of the pat was meas-

225

¡ JO

FRONT ELEVATION

Drawing of Dietert apparatus and accessories
FIG.2
ured and hence its density determined.
A typical compaction curve is shown in
Pig. 3.
Owing to the smaller size of the cylinder,
the Dietert technique cannot deal with such
coarse material as the Proctor. In this Labo
ratory, the practice has been to limit the use
of the Dietert to material passing 1/8-inch
sieve (about 3 mm). For coarser material it is
necessary to use the Proctor technique, or to
sieve the material and use only the finer frac
tion. In this latter case care must be used in
interpreting the results.
RELATION BETWEEN PROCTOR AMD DIETERT TESTS.
It was realised that as the Dietert test
required only 150 gins of soil it had consider
able advantages from the Laboratory point of
view over the Proctor machine which required
about 1500 gms. Only one tenth of the weight
of soil requires to be mixed, and since tho
rough mixing is an essential in compaction
tests, a great deal of labour is saved and ac
curacy is probably increased. Accordingly,
parallel tests were carried out on various

soils using the Dietert and Proctor techniques
as described above. Table I gives typical re
sults which were obtained on soils with Liquid
Limits ranging from 18% to 87% and a typical
pair of compaction curves is given in Fig. 3It will be seen from the table that the
Dietert technique tends to give higher dry
densities and somewhat different optimum moist
ure contents from the Proctor technique. From
the practical point of view these differences
are not great and either method can he used.
However, it is desirable to obtain the
closest possible correlation between the two
methods and further tests are being carried
out.
The results obtained so far are summarised
in Figs. 9» 10 and 11. A "Proctor" test was
carried out on the soil in the normal manner
and the curve obtained is shown. The Dietert
test was carried out as described above, ex
cept that a series of tests was made, the first
using 4- blows total instead of 20 and so on.In
the case of the "normal compaction" soil "B"
(Fig. 9) it will be seen that a total of 5
blows using the Dietert technique closely cor
responds to the Proctor case. This is also
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TABLE I

Soil
ref

Liquid Plastic Proctor technique
Limit
Limit Optimum Maximum
%
moisture dry den
%
content sity 5
lb/ft-5
%

Description

Dietert technique
Optimum Maximum
moisture dry den
content sity 3
lb/ft
%

A

Brown very sandy clay

18

12

12.0

122.5

10.0

125.0

B

Brown sandy clay

25

13

10.7

125.8

9.3

129.9

C

Brown silty clay (top Soil)

33

20

17.0

104.2

16.5

104.9

D

Brown silty clay (top Soil)

33

15

17.0

105.7

16.2

108.0

E

Brown silty clay (top Soil)

34

19

15.3

104.3

15-5

106.0

F

Brown silty clay (top Soil)

40

25

20.5

57.5

17.0

103.0

G

Grey Blue silty clay
(Rocent Alluvium)

46

21

19.5

105.0

20.0

105.2

H

Slightly silty Grey Clay
(London Clay)

67

20

23.4

100.6

20.5

107.2

J

Yellow Brown Clay
(Recent Alluvium)

87

28

34.5

24.3

55.7

SOIL

SAMPLE

REF

‘C ’

PROCTOR

A
DIETERT
10 BLOWS EACH END

85

Proctor
\

2” Dietert

li" Dietert

\

FIG.4

FIG.3

tion. This modification consists of reducing
the total number of blows struck in the Dietert
technique, to an amount tentatively fixed at a
total of 5* Otherwise, the techniques should
remain as described above.
Results have been published 4) showing
increases in density obtained by increasing
the work done in the case of the Proctor tech
nique and it is interesting to note that such
results boar a general similarity to those
described here.

borne out by soil "H” (Pig. 10). A departure,
however, it seen in the case of the soil "J"
(Pig. 11). This was an active clay with a Li
quid Limit of 87 and reptesents a type unlike
ly to be used in actual field compaction.
Further correlation tests are being carr
ied out, and although the gap between the den
sity and optimum obtained by the two techniques
(in their original form) appears to increase
with increasing Liquid Limit, it appears that
good agreement is obtained between the Dietert
and Proctor techniques by a suitable modifica

MEASUREMENT OF SHEAR STRENGTH.
a) Triaxial Samples.
As originally devised, the Proctor technique
included an empirical method of estimating the
strength of the compacted material by pushing
into the soil bearing plates of various sizes,
and such measurements can be correlated with
shear strength. However, the advantages of
measuring the shear strength directly are ob
vious and a simple modification of the Dietert
machine enables this to be done.
Instead of compacting the material into a
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FIG.6

2-inch diameter cylinder it was compacted into
a li-inch diameter cylinder. It was found that
in order to secure the "Dieterf'density.the work
done had to Tie reduced to 4 hlows on each end
of a soil pat, weighing 92 gms. This gave a
pat at least li-inches long. Two of these pats
placed together (and trimmed if necessary),
give a cylindrical sample 3-inches long by
li-inches diameter which can be enclosed in a
rubber envelope and tested in the Triaxial Com
pression Apparatus in the usual way. Fig. 5
shows the shear strength characteristics ob
tained at different densities.
Owing to the design of the machine it is
not possible to compact a 3-inch long sample
in one operation, but in any case it seems pre
ferable to retain the 14" long by lr-inch dia
meter pat owing to its geometrical similarity
to the 2-inch diameter Dietert pat and the
Proctor sample (Fig. 4).
The Proctor apparatus has also been mo
dified so that triaxial samples may be prepar
ed from it, but so far very few tests have
been carried out.
b) Shear Box Samples.
Compacted Shear box samples may also be
prepared by the Dietert technique by ramming
the soil direct into the shear box using the
6 cm square piston shown in Fig. 2.
In this case, in addition to reaching a
given density at the "optimum" moisture con
tent it is also necessary to obtain a pat ap
proximately 2 cm thick. This condition, of
course, controls the weight of soil which may
be used. So far, it has been found that 12
blows on either side of the pat give the
Dietert density when using the amount of soil
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calculated to give a 2 cm thick pat. It may he,
however, that when soils of low density are
compacted hy this method, a different number
FIG.9
of blows will be necessary to secure the cor
softening effect is worse where the material is
rect compaction. Work on this aspect is con
compacted at 80% of its optimum moisture con
tinuing.
tent. Worse, in fact, than where the work done
This technique was designed to enable com
pacted samples to reach their equilibrium moist is reduced so as to give 89/i of the Proctor
density at the optimum moisture content. It is
ure content under any given overburden before
also interesting to note that from this point
being tested for shear strength. It was not in
tended to measure the "immediate" shear strength of view it is much worse to compact at 80% of
the optimum moisture content than 120% . Simi
of compacted samples by this method, since this
lar results have been obtained with other ma
is best done by using the triaxial technique
terials.
described.
SOFTENING TESTS.
In order to estimate the effect of a soft
ening on the stability of a compacted bank,the
technique of the softening tests was developed.
After compaction of the li-inch diameter
sample, it was put into a rubber jacket with
open ends and immersed in water. It was found
that one days immersion was usually sufficient
for the majority of the softening effect to oc
cur and the samples were taken out after this
time and tested.
In Fig. 5, it will be noted that the maxi
mum shear strength will in general be attained
at a moisture content somewhat below the opti
mum. However, the practice of compacting soils
at or near their optimum moisture content is
amply justified when the results of the soft
ening tests are considered.
Fig. 6 shows the Mohr's diagrams obtained
from the triaxial tests on the same samples
under different conditions of moisture content
and compaction. It can be clearly seen that the

EFFECT OF LIQUID LIMIT.
Figs. 7 & 8 respectively show the varia
tion between Liquid Limit and Optimum Moist
ure Content and between Liquid Limit and Maxi
mum Dry Density.
The results although not very clear cut
do indicate a definite tendency for the opti
mum moisture content to increase with increas
ing Liquid Limit. The Maximum Dry Density on
the other hand, reduces with increasing Liquid
Limit.
Table II gives the relationship between
Grain size distribution and compaction charac
teristics. As would be expected from the Liquid
Limit relationship, the optimum moisture con
tent tends to decrease and the maximum dry
density to increase with increasing content of
coarse material.
FUTURE TRENDS.
T he t r e n d i n t h e f i e l d

is

t o u s e h e a v ie r
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TABLE I I

PLASTIC

OPTIMUM

maximum

%

CONTENT
LB/FT3

DENSITY
LB/FT3

18

12

10.0

125.0

56

28

16

20

18

18.5

96.6

90

10

0

?2

17

14.0

110.2

60

34

6

23

18

13.0

112.9

70

12

18

24

10

10.5

128.2

100

0

0

25

13

9.3

129.9

100

0

0

25

16

17.5

109.9

69

15

16

27

12

10.0

128.5

42

33

25

30

15

17.1

10 1.1

39

50

11

33

20

16.5

105.0

13

71

16

39

14

17.0

103.0

16

64

20

40

25

17.0

103.0

18

68

14

42

20

15.7

115.2

37

38

25

19.0

107.8

18

38

44-
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compaction machinery and obtain densities con
siderably in excess of those possible a decade
ago. Complementary to this the "Heavy Proctor"
has been introduced into the Laboratory. 2)
This utilises a 10-pound rammer dropped through
18—inches instead of a 5i~Pound rammer dropped
through 12-inches.
It may be necessary to modify the Dietert
technique to correspond to this test and fur
ther work will then be required to correlate
the two.
By using the method described of compact
ing in the shear box, it will be possible to
allow samples to swell or consolidate under
given overburden loads, and it will be interest
ing to compare results of such tests with the
softening tests carried out on the li-inch cy
lindrical samples.
In general, the approach to compaction
problems is still largely empirical, but there
is now no reason why estimates of stability
should not be based on shear strength calcula
tions as well as previous experience.
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SOME LABORATORY EXPERIMENTS IN THE WATERPROOFING OF SOILS
K.E. CLARE
Department of Scientific and Industrial Research
Road Research Laboratory

SUMMARY.
The note points out the value of reducing the ability of moisture to enter soil, as for
instance, in the case of road subgrades, and it deals in detail with two waterproofing agents
which have been investigated at the Road Research Laboratory. These are "Vinsol"-resin, which
is a solid in powder form, and a waxed fuel oil. Both these materials have surface-active pro
perties, that is, they can spread over the surface of water in thin films. It is suggested
that the waterproofing of soils when admixed with these materials is due to the formation of
such films at the air/water interfaces in the pores of the soil.
A description is given of the Capillary Water Absorption test developed at the Road Re
search Laboratory for evaluating the waterproofing properties of such stabilizers. Results ob
tained with this test in the case of a sandy clay soil are given, indicating, that under ideal
laboratory conditions, 1 per cent of the resin and 3 per cent of the waxed oil by weight of the
soil impart a maximum degree of waterproofing to the soil.
In the Capillary Water Absorption test, account is taken, in preparing the specimens, of
the influence of the waterproofing agent on the compaction properties of the soil. Laboratory
compaction tests made on mixtures of the sandy clay and the two stabilizing agents referred to,
show that both reduce the maximum dry soil density.
Attention is drawn to the importance of the pH of the soil-water in the waterproofing of
soil with resinous materials. Curves are given showing that the water absorption is greater in
alkaline soils than in soils having an acidic reaction. However, some very alkaline soils and
also chalk can be waterproofed using sodium stearate or tall oil emulsions.
A study has also been made of the soil waterproofing properties of several resins from
tropical areas. Of these, only a Manila Copal resin was found to have an effect of the same
order as "Vinsol"-resin. The waterproofing properties of Wallaba resin from British Guiana were
found to be considerably improved by treating the resin with acetyl chloride.
In spite of the pH effect, the addition of "Vinsol"-resin appears to impart to chalk some
resistance to damage by frost, to which chalk is particularly susceptible. Experiments are des
cribed in which cylindrical specimens of powdered chalk were frozen from the top downwards,
while in contact with a source of free water. After 16 hours, ice-lenses were formed in spe
cimens of the untreated material, while specimens containing resin were unaffected.
Box shear test results obtained with the sandy clay soil are given, showing that the addi
tion of resin does not increase the natural stability of the soil, by increasing either the
cohesion or the angle of internal friction.
INTRODUCTION----------------------------------------In road engineering it is important that
bases and subgradea constructed of cohesive
soils should have an adequate stability when

,
^ ...........................
laid, and that
this stability should be subsequently maintained. Such soils are stable if
well compacted at suitable moisture contents,
but they may become less stable owing to the

