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INTRODUCTION
 

Compaction means the artificial increase of the density

of a natural soil by mechanical means, and should not be

confused with consolidation which means an increase in den-

sity due to the gradual expulsion of water by some contin-

uous load.

The fact that compaction is likely to improve the

strength and stability of a soil must have been realised

for many thousands of years, in fact, ever since primitive

man used soil as a construction material. At the present

time, whenever soil is used in a highway, airfield, embank-

ment or dam it will always, wherever possible, be compacted.

Nevertheless, all real attempts to put the process of com-

paction on a rational basis and to evaluate scientifically

the exact effects of compaction on various soil preperties

(such as ultimate strength, deformation.modulus, compressi-

bility and permeability), have been confined to the last

twenty years.

Laboratory tests can show the value of the dry density

obtainable with a given soil, and at what Optimum moisture

content this density can be reached under specified methods

of compaction. In order that embankments and subgrades of

roads and runways may be in the most suitable state for

carrying traffic, these laboratory conditions must be



translated into practice as far as possible. The two neces-

sary factors are:

(i) The adjustment of the natural moisture content in

the soil to a suitable figure.

(ii) The provision of adequate compacting equipment

suitable for use on the site.

In silty or gravelly soils, frequent use is made of

disc harrows (with or without the addition of water) for

adjustment of the moisture content. Heavier equipment and

spring tooth harrows may, however, be required for heavy

clays.

In the field, the method of applying the necessary

energy to compact the soil will fall into one of the follow-

ing three classifications.

(1) Pressure: Rolling by smooth wheel, pneumatic

tyred or sheepsfoot rollers.

(2) Impact: Rammers such as pile driving equip-

ment, or the internal combustion and

pneumatic type.

(3) Vibration: Out of balance weight type and pul-

sating hydraulic type.

‘Whichever method is used, the process is continued

until a previously specified dry density is attained.

The first attempt to put the process of compaction on

a rational basis was that of R. R. Proctor*(l) and now,

 

#Numbers in parentheses are references listed at the

end of this paper.



twenty years later, the Procter soil-compaction test is a

standard specification in many different parts of the world.

The apparatus consists of a cylindrical metal mould

having a capacity of 1/30 cubic foot. The soil is compacted

by a 5% lb. weight falling through a height of twelve inches,

twenty-five times on each of three layers. The soil is then

trimmed to the tap of the mould and weighed. A sample is

taken from the mould and its moisture content determined.

The test is repeated several times with the same soil

at a different moisture content. Dry density is plotted

against moisture content, giving a curve as shown in Figure 1.
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It is seen that there exists a certain optimum moisture

content at whidi a maximum dry density may be achieved for

a given amount of compaction.

It was thought at that time that compaction to the

maximum density automatically gave a soil the best prepar-

ties it could have for use as an engineering material.

Since then, a great deal of work has been done to de-

termine what the exact effects of compaction are on the

various relevant soil properties such as ultimate strength,

deformation modulus, compressibility and permeability, and

it is no longer widely held that compaction at optimum

moisture content to maximum dry density will in all cases,

necessarily, give the most desirable soil properties.

Various workers in this field have, from time to time, de-

veloped laboratory methods of compaction which, they feel,

duplicate field conditions more closely than the standard

Procter test.

The validity of their conclusions as related to field

compaction remains uncertain as long as it is not known how

closely their various compaction methods resemble field

conditions or resemble each other, or in other words, to

what extent the properties of a compacted soil are, in fact,

prOperties of the compaction method used.

This paper reports the results of tests made to com-

pare the moisture-density curves produced by three widely

used methods of compaction and to investigate their differ-

ent effects on the consolidation preperties of a soil.



DEVELOPMENT OF CURRENT KNOWLEDGE

The relationship between moisture content and dry den-

sity for a particular compaction effect is shown in.Figure

l, and the behaviour of the soil at different moisture con-

tents can best be explained as follows. When the moisture

content is low, the soil is stiff and difficult to compress:

thus, low dry densities and high air contents are obtained.

As the moisture content increases, the water acts as a lubri-

cant, causing the soil to soften and become more workable.

This results in higher dry densities and lower air contents.

As the air content becomes less, the water and air combina-

tion tend to keep the particles apart and prevent any

appreciable decrease in air content. The total voids,

however, continue to increase with the moisture content,

and thence the dry density of the soil falls.

To the right of the peak of the dry density/moisture

content curve the saturation line (the theoretical curve

relating dry density with moisture content for 8011 con-

taining no air voids) is approached but never reached, since

it is never possible to expel all the air from a soil by

compaction.

The exact shape of the moisture content/dry density

curve is regulated by the grading of the soil, a pronounced

peak being given by a well-graded soil and a flat curve by



a closely-graded soil. (See Figure 2).(2)
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This means that the influence of moisture content on

the dry density of a closely-graded soil is relatively much

less than on the dry density of a well-graded soil. This is

to be expected since the process of compaction, in attempting

to reduce the volume of the soil must invariably tend to

force the small particles into the voids which exist in the

skeleton of larger particles. Thus, the difference in dry

density produced by the changing from random orientation of

the varying-sized particles in a well-graded soil, to the

selected orientation brought about by compaction, is much

greater than the difference caused by the same change in

particle orientation in a closely-graded soil.

Figure 1 also shows the effect of different compactive

efforts (i.e. different amounts of energy expended per unit

weight of soil) and it is seen here that an increased com-

pactive effort produces a greater dry density at all moisture

contents but a lower optimum moisture content. As far as is

known this is true for all soils and for all methods of com-

paction. However, comparing these curves it is seen that

increased compaction has little effect on the dry density

above the optimum moisture-content but below this the effect

is considerable.

The object of compaction (3) in the field is to improve

the desirable properties of the soil. These are:

(1) high shear strength:

(ii) high deformation modulus;

(iii) low permeability and water absorption;



(iv) low volume compressibility

Effects of laboratogy compaction on soilproperties

S. D. Wilson investigated the effect of water content

(for a particular compactive effort) on the various signifi-

cant properties of a clayey sand.

The effect of water content on compressive strength

is shown in Figure 3. He found that compaction at the Opti-

mum moisture content did give maximum strength as given by

consolidated quick triaxial tests, but that there was no

relationship between optimum water content and strength in

the "as-moulded" condition.
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In the same series of tests he found that the maximum

resistance to deformation (stress at 0.5% strain) occurred on

the dry side of the optimum moisture content when measured by



the consolidated quick triaxial test as shown in Figure h.
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It was also found that compaction reduced the perme-

ability of the soil, particularly when compacted on the wet

side of the optimum, and that soils compacted on the wet

side of the optimum were more compressible.

Wilson in these tests used the Harvard miniature compac-

tion device described in Ref. 7.

From the results of these tests it is seen that compac-

tion, at or below the optimum moisture content, will in

general, tend to give the desired soil properties listed

earlier. However, in the field, compactive effort as well

as moisture content may be varied and the determination of

an economic amount of compaction, and the most desirable
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moisture content to give the best combination of the various

soil properties is a much more complex problem.

H. B. Seed and Carl L. Monismith (10) investigated the

relationship between density, stability and moisture content

for soils compacted by the Triaxial Institute kneading com-

pactor described on page IQ; and by static load compaction.

Stability was measured both by the Hveem Stabilometer and by

triaxial compression tests, where the index of stability was

the stress at a certain strain. Their conclusions are as

follows:

(i) For a particular dry density, a reduction in

moisture content always results in an increase in

stability. It must be remembered, however, that a

greater compactive effort would be required by a drier

soil to obtain the same dry density.

(ii) For samples compacted by kneading compaction at a

particular moisture content, an increase in density may

cause either an increase er a decrease in stability,

depending on the range of density considered, the mois-

ture content and the strain above which a sample is

considered unstable. In general, the lower the moisture

content, the lower the range of density considered, and

the greater the permissible strain, the greater will be

the possibility that an increase in density will cause

an increase in stability.

(iii) Samples of a sandy clay compacted by static

pressure always show an increase in stability, as
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measured by the Hveem Stabilometer, for an increase in

density at constant moisture content, even though

samples compacted by kneading action showed no consist-

ent relationship.

From this it is seen that compactive effort, type of

compaction, moisture content and the criterion used to de-

fine stability all independently affect the stability of a

soil.

Leonards (11), however, from the results of many hun-

dreds of triaxial tests carried out under widely varying

conditions, deduced that for a given set of initial conditions,

the compressive strength of a compacted clay depends only on

the void ratio at failure. This relationship was found to

be independent of the confining pressure, the amount of

drainage permitted, the water content and the degree of satu-

ration, even when the degree of saturation is increased by

the addition of water from an external scource.

Compaction Methods used in the Laboratory

1) The Proctor Method - The standard Proctor test
 

is the oldest and probably still the most widely used com-

paction test. The apparatus and method were described on

page 3 and in Ref. 1. The modified American.lssociation of

State Highway Officials Compaction Test was developed to

give a heavier standard of compaction for airfield construc-

tion. The apparatus used is fundamentally the same as that

used for the standard Proctor test except that the rammer,

weighing 10 lbs., falls through eighteen inches, twenty-five
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times on each of five layers.

2) The Dietert Test (8) - This method, like the Proctor

method, is one in which the compaction energy is supplied by

impact. The soil is compacted into the two inches diameter

mould by means of a piston, through which the compacting

energy is indirectly applied by dropping, by means of a cam,

a cylindrical weight of 18 lbs. through a height of two inches

on to a steel plate rigidly attached to the piston through a

reel. The soil is compacted by the application of ten blows

of the weight, after which the mould is inverted and a further

ten blows are applied.

3) The California Static Load Compaction Test (9) -

This test was developed about 1935 by 0. J. Porter of the

California Division of Highways in connexion with the

California bearing ratio test. Samples at different moisture

contents are compacted in a mould 6 inches in diameter and 8

inches high through a piston 5 inches long. 'The compactive

effort is supplied by.a hydraulic press, the final load being

2,000 lbs./sq.in. and its rate of application from 1,000

lbs./sq.in. to 2,000 lbs./sq.in. being such that the rate of

strain is .05 ins./min. The pressure of 2,000 lbs./sq.in.

is maintained for one minute and released over a period of

20 seconds.

h) The Harvard Miniature Compaction Method (7) -

Stanley D. Wilson developed this compaction apparatus at

Harvard University, and claims, among its virtues, that the

time, effort and quantity of material required to produce
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moisture-content dry density curves are substantially reduced,

and in addition, that this type of compaction duplicates more

closely the kneading action of sheepsfoot rollers than do

dynamic (impact) methods.

The compaction mould is 1.313 inches in diameter and

2.816 inches in length. Its volume is l/hShth of a cubic

foot with the result that the net weight of the compacted

specimen in grams is numerically equal to its unit weight in

lbs per cubic foot.

The tamper consists of a one half inch diameter brass

rod, with a handle at one and containing a compressed spring.

As the operator pushes down on the handle, the load is trans-

ferred through the spring to the tamper. As soon as the load

equals the prestress, the spring starts to deform. The oper-

ator soon learns to recognize this condition by ”feel", and

can control the load accurately. The tamping force can be

changed over wide limits using springs of different stiff-

nesses. A suitable range of compactive efforts may be ob-

tained by varying the Spring prestress between 20 lbs. and

no lbs., the number of layers between three and ten and the

number of blows per layer between ten and fifty.

S) The Triaxial Institute Kneading Compactor (10) -

This is a larger refinement of the Harvard compaction appa-

ratus in which the tamping is done mechanically through a

toggle press mechanism and in which samples up to 6 inches in

diameter and 12 inches in height may be prepared. The shape

of the tamper is that of a segment of a circle having the
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same diameter as the forming mould; its area is approximately

one fourth that of the cross-sectional area of the mould. The

rate of application, duration of application, and rate of re-

lease of the load are regulated by a hydrOpneumatic control

system, the action of which is such that in any one tamp, the

pressure is gradually built up and then allowed to dwell on

the sample for a fraction of a second, before being released.

For calibration purposes a dynamometer is inserted above the

tamping foot and oscillograms are obtained of load versus time.

A typical oscillogram is'shown in Figure 5, and the authors of

Ref. 10 believe this to correspond closely to the load sequence

given in the field by a pneumatic tyred roller.

The five laboratory methods of compaction described are

those which have most frequently been used in compaction re-

search in the last ten years.

In each, the compactive energy is supplied either by

impact (falling weight), static load (in which a chosen

pressure is applied uniformly across the area of the top of

the sample), or kneading (in which the pressure is applied

repeatedly to different small parts of the area of the sample),
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co e e e nve ti at on

The study by Seed and Monismith indicates that stabil-

ity may either increase or decrease with increasing density,

depending on the method of compaction. This is in general

agreement with Leonard's conclusion that the ultimate

strength of a compacted soil depends only on the void ratio

at failure. As changes in void ratio occur during shear a

low initial void ratio does not necessarily result in a

high ultimate strength. The void ratio can either increase

or decrease during the application of a shear stress.

Because of the importance of the void ratio in inter-

preting the strength of compacted clays, it is considered

desirable to investigate the void ratio/pressure relation-

ship. In the present investigation, this relationship was

studied by means of consolidation tests.



METHOD OF INVESTIGATION

Soil Studied: The soil studied (11) was a Pleistocene Aeolian
 

silty-clay from Vicksburg, Mississippi. The soil is light

buff when dry but turns medium brown on the addition of water.

It has a plastic limit of 23, a liquid limit of 37, and the

mean specific gravity of the particles is 2.72. The grain-

size distribution curve is shown in Figure 6.
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Preparation of Raw Soil: The soil was received at the labo-

ratory in the dry state and after pulverizing by hand with a

heavy weight the portion passing a No. 16 standard U.S. sieve

was used. During the winter months the humidity of the

16
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laboratory was so low that it was found impossible to mix

up large quantities of soil having a reasonably uniform

moisture content. For this reason, mixing was carried out

in a moist room having a humidity close to 100%. Six four

kilogram batches were mixed to have approximate moisture

contents of 16, 18, 20, 22, 2h and 26 per cent. After the

addition of the water the soil was first mixed by hand and

then, to break up the larger lumps and to achieve a more

uniform moisture content, themoist soil was forced through

a No. 16 standard U.3. sieve with the back of a trowel, and

then mixed again thoroughly by hand. The soil processed in

this manner was placed in metal containers and stored in the

moist room.

Although this method was tedious and time-consuming

the resulting moisture content of each batch was found to be

constant to within 0.3%.

Later, in the spring, the humidity of the laboratory

was not so low, and when it was found necessary to mix up

some smaller (200 gram) batches this was done by hand mixing

in the laboratory and the results were entirely satisfactory.

Compaction:

(l) Proctor - The Proctor test was carried out according

to standard procedure.

(2)' Static Load Compactigg - Soil, in these tests, was

compacted by a Tinius Olsen hydraulic testing machine fitted

with a load pacer and an electronic load-holding device.
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The rate of application of the load was 500 lbs per minute;

the load was then held for one minute and released instan-

taneously. The soil was compacted directly into a standard

consolidation test mould (of 1.875 inches inside diameter

and 0.75 inches depth) which was fitted with a deep brass

collar as shown in Figure 7 together with the piston. After
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compaction, the collar was removed and the soil was trimmed

to the top of the mould. This known volume of compacted

soil was then weighed, oven-dried at 100°C for twenty-four

hours and weighed again, thus enabling the dry density and

final moisture content to be computed.. Separate samples

were prepared for consolidation tests and tests showed that

for samples prepared under the same conditions, the maximum

variation in dry density was 0.5 lbs./cu.ft.

(3) Kneading Compaction - Moisture content-dry density

curves were prepared according to the standard procedure,
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using the Harvard miniature compaction device mould and

tamper, as described on page 12. This tamper was also used

on soil contained in the consolidation mould and collar device

described above in the static load compaction procedure. The

compaction energy per unit volume was kept approximately the

same for each mould by reducing the number of layers in the

ratio of the lengths of the moulds and increasing the number

of blows in the ratio of the cross-sectional areas of the

moulds. As before, separate samples had to be prepared for

consolidation testing, and although only three such samples

were prepared, it is noticeable that their dry densities

coincided exactly with those on the previously prepared

moisture content-dry density curves.

Consolidation Tests:- The consolidation tests were carried
 

out on three machines of the conventional type, two having a

load multiplying factor of 8, giving a maximum permissible

load of 28.h8 kg/sq.cm., and one having a load multiplying

factor of hO giving a maximum permissible load of 72.0 kg/

sq.cm. The time given for total consolidation varied from

fifteen minutes for the smaller loads up to twenty-four

hours at the end of the test. The initial load was 125 g.

(giving a consolidating pressure of .056 kg/sq.cm.) and the

subsequent increments were such that they doubled the exist-

ing load each time. There was no evidence of swelling in

any of these tests.



RESULTS

(a) Compgction Tests

The moisture content-dry density curve obtained from

the Procter test is shown in Figure 8. The maximum dry

density is 100.75 lbs./cu.ft. occurring at an optimum mois-

ture content of 18%.

Figures 9a and 9b show the results of kneading compac-

tion in the Harvard miniature compaction device mould, and

in the consolidation test mould.

Figure 10a is a plot of dry density against moulding

water content for static load compaction, while Figure 10b

shows the relation between dry density and final water

content.

The lines of constant air voids are plotted from the

following relationship:-

I ‘—\A _ m

r, “ n, t;

 

where X: = dry density, m = % moisture content, is =

density of the soil particles, 7; is the density of water

and ‘V; is the percentage of air voids.
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Effect of Mould Size:- A comparison of Figures 9a

and 9b shows that the optimum mpisture content, for a parti-

cular compactive effort (of a specified type) is independent

of mould size. This is supported by the knowledge that the

optimum moisture content is that moisture content at which

there is a maximum difference between the beneficial effects

on compaction of the lubricating qualities of the water, and

the detrimental effects of its tendency to reduce the ease

with which air can be expelled. Thus the Optimum moisture

content represents that condition of the soil at which a

particular compaction effort brings about the greatest re-

duction in volume, and is independent of the extent to which

the magnitude of this volume reduction is controlled by

external physical conditions.

In order to account for the difference in the dry den-

sities obtained with the different moulds it is necessary

to consider the effects of mould shape. The effect of

friction between the mould and the soil is proportional to

the ratio between the areas of the sides of the moulds and

their volumes, i.e. 8.6 for the Harvard mould and .8 for the

consolidation test mould. Thus the energy required to over-

come side friction in order to bring about a particular per-
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centage reduction in volume is much greater for the Harvard

mould, and the effect of this is most evident for small

amounts of compactive effort, where the work done against

side friction is a larger fraction of the total compaction

energy available.

For larger compactive efforts, however, a higher den-

sity was obtained with the Harvard mould and this is believed

to be due to the different amounts of soil movement permitted

by the two different moulds, as illustrated in Figure 11. If

the tamper is considered as a circular footing at failure,

sliding will take place along lines BC and B'C' as shown.

77].”! PE l'x

W

'1 fie—‘7 D
T»! . '2’ ..”?0<JLD COLLHK“

5.
.r I .

I I

- ~'/ B ' . C . I‘d , '

. '1 \_/ J r” ’

 

 

 
 

 

-
—
—
—

.
.
.
.
_

.
_
.
_

 

.—

[IGURE’ l" thFCT OI" FIITULU 3!? EN PiKI’VIIII‘ISL,‘ Sm:

[View N 'r -L'c-a was. '2'}? .N: PING



26

In the Harvard mould, the soil in the zone ABCD is

restricted from lateral movement and is thus subjected to a

compacting pressure. In the consolidation test mould, the

soil in the zone A'E'C'D' is much more free to move, with

the result that only the soil beneath the tamper is subjected

to compacting pressure. Evidence of this was visible during

compaction with a hO lb. tamping force in the laboratory.

When the soil in the consolidation mould was tamped in the

centre, the upward movement of the soil around the edge of

the mould was such that a considerable effort was required

to keep the mould firmly held down on the base plate.

Effect of Compaction Type:- The moisture content dry
 

density curve obtained by static compaction are interesting

in view of the way in which the point of maximum dry density

occurs on the saturation line for each compactive effort.

This means that with this method of compaction, it is possible

to exclude all the air voids from the samples, and obviously,

the highest value the dry density can have for a particular

moisture content is when the soil is completely saturated.

After this, further compaction results in the condition of

the soil being represented by a point moving along the satu-

ration line in the direction of increasing density and re-

duced moisture content, as water is gradually expelled from

the specimen. This last effect is really a consolidation

rather than a compaction process.
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From Figures 8, 9 and 10, it appears that the optimum

moisture content for a particular dry density is a function

of the time interval during which the individual units of

compaction energy are applied. Under impact compaction

(Figure 8), the compaction energy is applied almost instan-

taneously and the optimum moisture content is the lowest.

With kneading compaction (Figures 9a and 9b), the interval

of time over which lead is applied and removed from the

tamper is higher, and the optimum moisture content is seen

to increase from 18 to 20 per cent for the same maximum

density. With this type of static load compaction, where

the energy is supplied continuously, the optimum moisture

content increased as far as is possible, i.e. to the satur-

ation point.

Thus, as the time interval, during which the units of

compactive effort are applied increases, the detrimental

effect of moisture on the ease with which air can flow from

the soil becomes less important. With this soil and this

mould, the time interval of one minute used in these static

compaction tests was sufficient to permit all the air to

flow from the sample. It is possible that with a less

permeable soil, or with a mould having a greater depth,

complete saturation might not have been attained. Nevertheless,

it would seem, from these results, that the value of the

optimum moisture content would be higher than that obtained

by impact or kneading compaction.
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(b) Consolidation Tests on Compacted Samples

Table 1 shows the conditions of the ten soil Specimens

for the consolidation tests. The first number of the code

number is the percentage water content of the sample before

compaction. The letter (S - static, H - Harvard kneading)

indicates the type of compaction and the last number indicates

the compaction pressure for those samples compacted by static

load compaction. All samples compacted by kneading compaction

were compacted by ten applications of a 20 lb. tamping force

on each of two layers.

Figure 12 shows the relationship between soil ratio

(plotted to an arithmetic scale), and consolidation pressure

(plotted to a logarithmic scale), for all samples compacted

by static load compaction. Figure 13 shows a similar plot

for samples compacted by kneading compaction.

Figures lha, lhb, luc compare the pressure/void ratio

relationship for samples of the same moisture content com-

pacted to similar dry densities by the two different com-

paction methods.

In Figure 15 the change in void ratio of a sample caused

by a 20 kg/sq.cm. consolidation pressure is plotted against

the initial void ratio.

Static Load Compacted Samples:- Figure 12 shows that

for all samples compacted by static load, the void ratio/

pressure curves all tend to the same line which may be con-

sidered to be the equivalent of the virgin compression curves

of natural soils. Thus the effect of static load compaction
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is, in this reapect, similar to preconsolidation. In con-

solidation tests on preconsolidated clays, however, the re-

loading curve undergoes a fairly abrupt change of slope when

it approaches the virgin curve. The value of the pressure

at which this change of slope occurs is equal to the pre-

consolidation load. From these test results, the change in

slope is gradual and no relationship was found between the

static compaction pressure and the shape of the curve.

Figure 15 shows that the change in void ratio caused by

a 20 kg/sq.cm. consolidation pressure is dependent only on

the initial void ratio (or dry density) of the samples com-

pacted by static loads. This relationship is independent of

the static compaction load, and the initial and final water

contents, except in so far as they influence the final void

ratio obtained during a particular compaction process.

Kneading Compacted Samples:- Comparing Figures 12 and

13, the substantial effect of type of compaction is immedi-

ately apparent. The void ratio/pressure curves for samples

compacted by kneading do not all merge into the same line.

They do, however, become parallel and their final slopes

are found to equal the final slopes of void ratio/pressure

curves for static load compacted samples.

Figure 15 shows that the relationship found between

initial void ratio and change of void ratio (caused by a

20 kg/sq.cm. consolidation pressure) for static load com-

pacted samples does not exist for samples compacted by

kneading. The least compressible sample (22HL is that
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compacted near the optimum moisture content of 22.5%. A

slight increase in compressibility is obtained by compaction

on the dry side of the optimum (20H) but a much greater in-

crease in compressibility is obtained by compaction on the

wet side of the optimum (26H), even though the difference in

initial void ratio is not so great. This confirms the re-

sults obtained by S. D. Wilson (6) who states that samples

compacted on the wet side of the optimum are more compressi-

ble than samples compacted on the dry side.

Comparison of Compaction Method:- Figures lua, 1hb
 

and lhc show that for all moisture contents, samples com-

pacted by static load are initially less compressible than

those compacted by kneading, but that the final slope of the

curve is independent of both water content and compaction

methods.

Figure lhb shows conclusively that the two specimens

are not identical if compacted by different methods, even

though they may be compacted to the same dry density (void

ratio) at the same moisture content. It is known that the

relative quantities of water, air and soil must be the same,

and therefore the difference in the two samples must be

either a difference in distribution of the air or water

through the soil or a difference in the orientation or dist-

ribution of the soil particles. No attempt was made to

examine the nature of this difference.
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SUMMARY AND CONCLUSIONS
 

l. The optimum moisture content for a kneading compac-

tion process is independent of the size of the mould used

providing the compactive energy per unit volume is constant.

2. The dry density obtainable at a particular moisture

content with a fixed compaction enerav per unit volume de-

pends on the mould size: the exact nature of the effect

being dependent on the relative importance of side friction

and soil movement.

3. For different compaction processes the optimum mois-

ture content corresponding to a particular dry density is

a function of the time interval over which the individual

units of compaction energy are applied. Thus the optimum

water content is lowest for impact compaction, higher for

kneading compaction and highest for a static load com—

paction process.

h. For Specimens compacted by static load, their com—

pressibility (as measured by the change in void ratio

caused by a 20 kg/sq.cm. consolidation load) depends only

on the initial void ratio.

5’. With kneading compaction, minimum compressibility is

found in samples compacted at optimum moisture content.

While a small increase in compressibility is found in

samples compacted on the dry side of the optimum, a greater

38
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increase is found in those compacted on the wet side.

6. With the same water content and dry density, a sample

compacted by kneading is more compressible than one com-

pacted by static load. This proves conclusively that the

consolidation characteristics of a compacted soil depend

on both the soil and the compaction method used.

The Proctor compaction test has been widely used for

many years as a standard Specification. More recently

various kneading compaction methods have been developed

with a view to reproducing field conditions more closely. In

recent research on the properties of compacted soils, static

load compaction has frequently been used. Leonards (ll)

deduced that, for a given set of initial conditions, the

compressive strength of a compacted soil depends only on

the void ratio at failure. In View of the way in which

the method of compaction influences the changes in void ratio

which take place during consolidation, it can be assumed

that the type of compaction used would also influence the

strength characteristics of a compacted soil. Further re-

search is needed, however, to confirm this assumption.

Nevertheless, in evaluating the results of all research on

the properties of compacted soils, the effect of method of

compaction used should be taken into account.
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