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SYNOPSIS 
The study of the swell of soils was begun in Kansas after it was found that 

soil swell was directly associated with the distortion or "warping" of concrete 
pavements The tests, the results of which are given in summary form in this 
report, cover a wide range of conditions of initial moisture content and state of 
compaction for soils of the A-2, A-4, A-6, and A-7 groups The results show 
that the amount of swell is dependent upon the characteristics of the soil itself 
as indicated by the test constants, upon the structural arrangement of the soil 
in Its natural state, and upon its state of compaction and initial moisture con­
tent The greatest swell was observed on expansive soils which existed in a com­
paratively dry, compact state prior to being allowed to absorb water and swell 
Expansive soils exhibited the least swell when they were compacted to maximum 
density at moisture contents closely approaching their lower plastic limits 

PART I 

LABORATORY T E S T S 

The laboratory study of the expansive 
properties of subgrade soils was begun in 
Kansas in 1933 Pnor to the beginning 
of laboratory study considerable time 
had been spent and many data obtained 
in the field study of subgrades under dis­
torted ("warped") concrete pavement 
slabs The results of the field studies 
of the existing density and moisture 
content of the subgrade soil under warped 
pavement slabs, as well as under pave­
ments unaffected by warping, showed 
defimtely that the warping of pavements 
was due largely, if not wholly, to the 
uplift caused by the swelhng of the sub-
grade soil The swelhng resulted from 
the soil absorbing water which entered 
through leaky joints and cracks and at 
the edges of the slab 

The results of the field studies showed 

that the amount of uplift vaned not 
only with different soils having different 
charactenstics, but also with different 
conditions of imtial moisture content 
and state of compaction for a single soil 

The Problem-^ 
The estabhshment of the fact that 

pavement warping was definitely asso­
ciated with soil condition as well as with 
soil type showed the need for further 
study of the swell of representative soils 
of the vanous groups under different 
conditions in the laboratory It also 
showed that the moisture content at 
which soil is compacted and the density 
to which it IS compacted immediately 
prior to being allowed to absorb water 
were items which should be given con­
sideration in the laboratory study 

The problem laid out for study was as 
follows. 

1 To devise a test to measure the 
220 



ALLEN AND JOHNSON-EXPANSION OF SOILS 221 

relative swells of soils when they 
are allowed to absorb water. 

2. To study the relative swells of 
manipulated soils, as follows: 

A. Variation in swell of a single 
soil, with 

a. Variation in state of compac­
tion, and 

b. Variation in initial moisture 
content. 

B. Variation in swell of different 
soils under comparable condi­
tions of moisture content and 
density. 

3. To correlate swell characteristics of 
soils as determined by the swell 
test with soil characteristics as 
identified by the test constants 
determined by the Standard U. S. 
Bureau of Public Roads Soils 
Tests. 

Experimental Test Procedure: 

Before a definite test procedure was 
adopted, a number of individual experi­
mental tests were made to determine the 
suitability of the various methods by 
which it had been proposed to measure 
the swell of soil. These preliminary 
experiments were divided into two 
groups; (1) the determination of the swell 
of specimens of soil which had been 
prepared by being compacted in a mold 
and removed for test; and (2) the deter­
mination of the swell of soils in the molds 
in which they had been compacted. 

(1) A number of tests were made on 
specimens compacted in a cylinder in 
accordance with the Proctor procedure 
and removed from the cylinder for test. 
Pieces of blotting-paper were placed on 
the ends of the specimens after which 
they were coated with a rubber paint 
as shown in Figures 1 and 2. The rubber 
coated specimens were then placed in a 
pan of water—some being only partially 
submerged and others totally submerged, 
to determine the effectiveness of the two 
methods. Initial, intermediate, and final 

volumes were determined by the use of a 
Marsh overflow volumeter. Some tests 
were conducted to determine the relation 
between slaking characteristics and swell­
ing characteristics for a given soil. 

Figure 1. View showing method of covering 
samples with rubber paint. The rubber paint 
is placed in the shallow pan to the desired 
depth and the specimen turned slowly until-
the desired thickness of coating is obtained. 

Figure 2. Specimens after being covered 
with rubber. Note blotting-paper on end of 
specimen. 

(2) Experimental tests in which molds 
were used to determine the swell of soils 
were, as follows: 

A. Soils tested in molds of 2.37 in. and 
4 in. diameters with and without 
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loads being placed upon the soil 
pat during the swelling process. 

B. Tests, using the 4-in. diameter 
mold, to determine the relation 
between swell and the thickness 
of the compacted soil pat. 

C. Tests on different methods of intro­
ducing water into the specimens 
by means of pressure and by 
means of capillary absorption. 

All experiments, which were made to 
determine the best test procedure for 

Figure 3. View of unassembled mold (show­
ing compacting piston, "pressure pad," meas­
uring device, filter paper, and soil pat) used 
In making swell tests In molds. 

the use of molds in the study of soil swell, 
were made on a single soil. In each 
instance the soil was compacted to a 
predetermined density for each of the 
various desired depths. The moisture 
contents used were held uniform as far 
as possible so the data would be com­
parable. 

Miscellaneous Tests: 

In addition to the above experimental 
tests, a part of which are discussed later 

in this report, a number of other tests 
have been made in the laboratory and in 
the field. Among these are: Levehng of 
warped pavement slabs by equalizing 
the subgrade moisture content; con­
struction of an experimental slab in the 
laboratory to study the causes of pave­
ment warping; study of the force exerted 
by a soil when it is allowed to absorb 
water; study of the swell of undisturbed 
samples of soils in their natural structured 
state; and study of the swell of columns 
of soil in their natural positions in the 
soil profile. Although this report deals 
primarily with the results of field and 
laboratory swell tests, these studies are 
mentioned to indicate the scope of the 
study of swell of soils. 

P R E S E N T T E N T A T I V E PROCEDURE FOR 
LABORATORY DETERMINATION 

OF SOIL S W E L L 

More than 150 individual swell tests 
were made before a definite test proce­
dure was agreed upon. The apparatus 
used and the procedure adopted are as 
follows: 

Apparatus: 

The molds, which are used in making 
the swell tests, are 4 in. inside diameter 
and 6§ in. inside height (Figure 3). They 
are brass molds similar to those used by 
the United States Bureau of Pubhc Roads 
in measuring the swell of bituminous 
mixtures. Steel rods are attached to 
the mold to accommodate the use of a 
micrometer for measuring the vertical 
rise of the soil in the mold. A special 
frame is built onto the micrometer to 
hold it in place while obtaining measure­
ments. A brass piston and compression 
machine are used in compacting the soil 
in the mold. 

Built-up pressure pads, which can be 
loaded through a considerable range of 
weight, are used in loading the soil with a 
load equivalent to that of the pavement 
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slab upon the subgrade The pressure 
pads are enough smaller in diameter than 
the mold to allow free vertical movement 
without binding 

Additional apparatus includes a supply 
of blotting-paper, scales, graduates, 
sieves, trowels and pans for mixing, 
thermometer, and other incidentals neces­
sary for the preparation of the sample 
and the consummation of the test 

Preparation of the Sample 

The soil as it is received from the'field 
IS oven dned, broken down, and screened 
over the No 10 mesh sieve All soil is 
dned in a constant temperature oven at a 
temperature of 110°C All particles of 
mineral aggregate retained on the No 10 
mesh sieve are discarded All particles 
of mineral aggregate, retained on the No 
10 mesh sieve, which can be reduced in 
size without crushing the sand grains 
are broken down to a size passing the 
No 40 mesh sieve That portion passing 
the No 10 mesh sieve is then remixed 
with the portion passing the No 40 mesh 
sieve The sample is again oven dned 
immediately pnor to the preparation of 
the specimen 

Preparation of Specimen and Testing 

After the sample has been prepared, 
oven dned (at 110°C), and allowed to 
cool, it IS mixed with enough distilled 
water to result in the desired initial 
moisture content Mixmg is done by 
hand using a small trowel Mixmg is 
continued until the soil has a umform 
color and no wet lumpy masses or dry 
particles are evident 

After completion of mixing, a 50 gram 
sample is taken out and weighed to 
obtam the moisture content of the soil 
immediately pnor to its being compacted 
into the molds 

A piece of blotting-paper is placed in 
the bottom of the mold and the imtial 
reading is taken Sufl&cient soil is then 

placed in the mold to give the desired 
thickness of the pat and compacted 

The soil IS compacted by applying a 
umt load of 300 lb per sq in by means 
of a piston and compression machine 
If additional tests are made, they are 
made on samples compacted at unit 
pressures of 75, 150, 600, and 1000 lb 
persq in 

The compacting load is apphed slowly 
and held for a penod of ten seconds 
This IS repeated three times When the 
pressure is released on the third com­
pression, the amount of rebound is noted 
and recorded 

The depth or thickness of the com­
pacted soil specimen is 2 in plus or minus 
0 02 in 

Example Assume that the imtial mois­
ture content of soil will be 10 per cent 
and that a 2-in thickness of soil pat is 
reqmred Assume also that a compac­
tion curve has been made on the soil 
(by using 300 lb per sq in pressure) 
and that the results of compaction indi­
cate that a density of 1 65 will be obtained 
at a moisture content of 10 per cent. 

Since Density = 
Weight of soil (dry) in grams 
Volume (cc ) for a 2-m. depth 

Then 1 65 = 
Weight of sod (dry) in grams 

411 88 cc 

and weight of dry soil (grams) = 679 6 
Weight of moist soil (grams) = 679 6 -|-
(679 6 X 0 10) = 747 56 

It has been found that after some tnals 
it IS not difficult to approach the desired 
thickness of soil pat within plus or minus 
0 02 in , a vanation which will not pro­
duce an appreciable error, due to pat 
thickness, in the results obtamed All 
soils are compacted as nearly as possible 
at a temperature of 70°F to avoid com­
paction irregulanties due to temperature 
changes 
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Immediately after the soil has been 
compacted in the mold and the data 
recorded, the pressure pads are placed 
in the mold and pushed firmly against 

Figure 4. View showing the method used 
in compacting the soil in the "swell test" 
mold. 

Figure 4a. Battery of "swell test" molds set 
up for test 

the soil. The total weight of the 
pressure pad is 71 lb. The unit weight 
(lb. per sq. in.) is approximately that of 
concrete pavement upon the subgrade. 
The micrometer is then used to take the 

initial reading to obtain the elevation 
of the top of the soil with the assembled 
"swell" measuring apparatus. The time 
is recorded and the mold placed in water 
of such depth that the water level is 
approximately that of the level of the 
top of the soil pat in the mold. 

Readings are taken at intervals of four 
hours or less, as may be necessary, during 
the first 40 hours of the test. The swell 
tests are continued for a minimum period 
of 100 hours. If, at the end of 100 hours, 
the volume change is found to be increas­
ing in increments greater than one-tenth 
per cent in the final 24-hour period, the 
tests are continued until the volume 
change increases one-tenth per cent or 
less in 24 hours time. 

The data obtained are reported on 
forms in the manner indicated on the 
sample data sheet. Additional data 
include complete United States Bureau of 
Public Roads soil tests including specific 
gravity, and temperatures of the room 
and the drying oven. Occasionally 
molds are set aside and not placed in the 
water bath to determine if all of the re­
bound occurs immediately upon release 
of compression during compaction of soil. 

DISCUSSION OF R E S U L T S 

Experimental Studies 

Soil Samples Removed from Molds for 
Test: The use of the Proctor compaction 
cylinder and method of compaction in 
preparing swell test specimens was stud­
ied primarily with the hope that a 
practical test might be devised which 
could be conducted in field laboratories 
when special studies of some soils ap­
peared necessary. Several difficulties 
were encountered. There was some lack 
of uniformity in the hand compaction 
of the specimens, which was overcome to 
some extent by the use of a specially 
designed hammer which reduced the ef­
fect of the personal element. Although 
the rubber paint accomplished the pur­
pose of holding the specimen together, it 
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was diflBcult to handle after the soil had 
become soft It was found necessary 
to use extreme care m handhng the speci­
mens while measuring their volume to 
prevent injury to the paper ends which 
had been provided for the entrance of 
water into the sample and the exit of air 
from the sample This test was con­
ducted on specimens which were totally 
submerged and on specimens which were 
only partially submerged The totally 
submerged samples resulted in the greater 
swell Figure 5 shows the results of 
tests of this nature on a silt loam soil 
This soil when tested in molds under load 
showed a negligible amount of swell 
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Figure 5 

When heavy clay soils, compacted to 
higher densities at the higher moisture 
contents, (compacted to a condition 
approaching that of mimmum air voids) 
are only partially submerged, a condition 
I S eventually reached where the evapora­
tion through the top blotter equals the 
upward movement of water by capillanty 
Thus the upper part of the specimen 
never undergoes complete swell This 
type of test would, undoubtedly, be more 
successful if the specimen did not exceed 
2 in in depth 

In the tests to determine the relation 
between volume change and size of the 
mold, it was found that the larger mold 
(4 in in diameter) resulted in a greater 
soil swell than did the smaller (2 37 

in diameter) mold Undoubtedly, the 
amount of swell was influenced consider­
ably by fnction between the soil and 
the side of the mold The larger mold 
which allowed the greater swell has a 
lower ratio of sidewall area (in contact 
with the soil) to cross sectional area 
than does the smaller one Evidence of 
the extent of friction between the soil 
and the sidewalls of the mold is shown on 
Figure 6 It will be noted that, although 
the values of imtial moisture content 
and density differed but little, the result­
ing swell showed a marked increase with 
decrease in the depth of the soil in the 
mold The difference in the fnction 
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Figure 6 

which existed after swelling for a given 
penod was readily determined by observ­
ing the force required to push the sample 
out of the mold 

The final distribution of the moisture 
in the specimens (after swell) was of 
particular interest A higher moisture 
content resulted in the top part of the 
sample than in the bottom part which was 
in actual contact with water The re­
sulting moisture content was as much as 
3 per cent higher in the center than at 
the edges (adjacent to the walls of the 
mold) of the specimen 

The results of the expenmental tests 
were of interest primarily because they 
indicated a need for ngid adherence to a 
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fixed testing procedure if uniform results 
were to be obtained 

T E S T S CONDUCTED U N D E R T E N T A T I V E 
STANDARD P R O C E D U R E FOR S T U D Y ­

I N G S W E L L O F SOILS 

Upon the adoption of a definite pro­
cedure, it was decided to make a thorough 
study of the swell of a single soil under a 
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enced in soils of this nature under field 
conditions The upper hmit of imtial 
moisture content was set at the lower 
plastic hmit because at higher moisture 
contents the soil was too wet and would 
flow under pressure causing the com­
pacting piston to stick 

Figure 7 shows the range of conditions 
at which this soil was tested for swell 
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wide range of conditions of initial mois­
ture content and state of compaction 
A series of five different compaction 
pressures (Figure 7) were used to obtain 
a range of densities for each moisture 
content at which it was decided to study 
the sweUing action The lower hmit of 
imtial moisture content was arbitranly 
set at 10 per cent This is the approxi­
mate mimmum moisture content experi-
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Figure 10 

Each pomt on each compaction curve 
represents three individual tests Fig­
ure 8 shows the swell obtamed on the 
samples compacted at a pressure of 300 
lb per sq in at various imtial moisture 
contents Figure 9 shows graphically 
the vanation in rate of swell of samples 
compacted at three different moisture 
contents 

Figure 10 shows an analysis of the 



ALLEN AND JOHNSON—EXPANSION OF SOILS 227 

results obtained for the 300 lb per sq 
in senes of tests on the clay loam soil 
The results show definitely that the swell 
vanes in proportion to the percentage of 
air voids present in the compacted soil 
prior to being allowed to absorb water 
and swell In every instance, for each 
of the five series of compressions, the 
condition of minimum swell was found 
to be consistent with a condition of 
mimmum air voids Thus, the con-
tnbuting condition toward soil swellage is 

downward ' The test constants of the 
soil upon which this test was made are 
shown on Figure 13 In addition to 
tests of this nature, soils having vanous 
initial moisture contents were frozen in 
the molds to determine the effect of 
contained moisture upon volume change 
due to freezing No detnmental swell 
was observed at moisture contents as 
high as the lower plastic linut of the 
soils unless additional moisture was 
available as shown by Figure 12 
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neither moisture content nor state of 
compaction, singly, but that combination 
which results in the mimmum air voids 
for a given soil compacted under a given 
pressure 

Figure 11 summarizes the results of 
the tests on the clay loam soil Although 
the imtial moisture contents did not fall 
exactly into the groups as shown (10%, 
12%, etc) they are sufficiently close to 
be so grouped For the particular soil 
being tested, it may be seen that a 
moisture content of 20 per cent is neces­
sary to result in mimmum swell for the 
300 lb per sq in compression pressure 

The expansion of soil due to freezing is 
of particular interest in connection with 
the study of pavement "warpmg" and 
soil swell Figure 12 shows the results 
obtained when molds were placed in 
water and insulated in such a manner 
that the freezing progressed from the top 
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Results of Tests on Soils of the A-2, A-4, 
A-6, and A-7 Groups 

In addition to the more complete 
study of the clay loam soil (Figs 7 to 11 
inclusive), swell tests were conducted on 
four additional soils in order to obtain 
results on representative soils of the 
vanous groups In each of these tests 
the soils were compacted at five or six 
different moisture contents by using a 
pressure of 300 lb per sq in The re­
sults, therefore, show the comparative 
swell obtained on soils having different 
charactenstics A summary of the max­
imum and minimum swell obtained on 
these soils is shown in Figure 13 It 
should be understood, in making com-
pansons of the swell obtained on different 
soils, that the initial moisture contents 
were not earned either sufiiciently low 
or sufficiently high to warrant a state­
ment that these are the absolute condi-
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tions under which maximum and mmi-
mum swell may be obtained For 
example, it is quite probable that the 
maximum swell of the clay of the A-7 
group would more nearly approach the 
maximum swell of the clay of the A-6 
group if the lowest imtial moisture con­
tent of the A-7 soil would have been 
12 2 per cent instead of 15 7 per cent It 
should be understood also, in companng 
these values, that no effort was made in 
these tests to determme absolute values 
of swell for a number of given soils The 
object was rather to determine the trend 
or charactenstics of swell for a few repre­
sentative soils which would point toward 
obviating, or at least mimrmzing the 
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Figure 13 

warping of concrete pavements placed 
upon the soils in question 

The soil shown under laboratory num­
ber 27064 (Figure 13) is a typical A-4 
Kansas alluvial silt loam, the sample 
having been taken from the flood plam 
of the Kansas nver. No pavement 
warping has been found to occur on this 
sod which has very little binder material 
The tests show only a small amount of 
swell regardless of the imtial moisture 
content or state of compaction This 
sod has, however, given some trouble 
due to frost action where water was avail­
able to be drawn up into the soil result­
ing in ice lenses and consequent heaving 

The soils shown under laboratory num­

bers 25978 and 26955 are typical Kansas 
clay soils of the A-6 and A-7 groups 
Soils similar to these are associated with 
severe pavement warping At every 
location which has been studied in the 
field where warping has occurred on these 
soils, either the pavement was known to 
have been placed on a relatively dry 
compact subgrade, or the existing mois­
ture content (high subgrade moisture 
content under joints and open cracks 
and relatively low subgrade moisture 
contents under the remainder of the slab) 
indicated that the subgrade was rela­
tively dry at the time of paving It is 
sigmficant that a similar trend is shown 
by the results of swell tests on similar 
soils; that is, for a given density the 
amount of swell decreases with mcrease 
in moisture content. 

Although no severe pavement warping 
has been associated with very sandy 
loams or clay bound sands, tests were 
conducted on the latter tj^ie (laboratory 
number 25947, Figure 13) primarily 
because it had been used as selective 
borrow to cover clay subgrades pnor to 
paving m an effort to imnimize pavement 
warping Although the grain size accu­
mulation curve indicates only a small 
fraction of clay, the plasticity index 
of 18 indicates a binder consisting of a 
gluey colloidal nature This fact, un­
doubtedly, accounts for the relatively 
large swell obtained from so sandy a 
soil 

Upon analysis of the test constants 
of the different soils it should be noted 
that those which resulted in relatively 
high volume change were plastic soils 
of the so-called expansive groups of sub-
grade soils 

A study of the final moisture contents, 
after completion of swell, shows that for 
each soil tested the highest final water 
content occurred on the specimens which 
had the lowest imtial moisture content 
and, thus, had the greatest percentage 
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of air voids prior to being allowed to 
absorb water. 

The results show conclusively that no 
single condition of moisture content and 
density exists at which the soil is per­
manent; that is, at which no volume 
change occurs. They do show, however, 
that for a single soil a condition of mois­
ture content and state of compaction 
exists at which the soil offers the greatest 
resistance to volume change upon being 
allowed to absorb water. 

PART I I . F I E L D T E S T S 

Introduction: 

The swell tests, described in Part I, 
on specimens compacted in the Proctor 
mold were conducted on soils which had 
been given sufficient "breaking down" 
to destroy all semblance of structure. 
The soil in "cut" sections of roadway is 
not disturbed to great depths during 
construction. For this reason it was 
decided to conduct some swell tests on 
undisturbed soil to determine the rela­
tive difference in swell of soil in the struc­
tured state as compared to that in the 
manipulated state. 

These tests are in two parts: 
(1) Field tests on undisturbed columns 

of soil in place in the soil profile; 
and 

(2) Field laboratory tests on undis­
turbed samples of soil carefully 
removed so as not to disturb 
the natural soil structure. 

Two sites were chosen for study, both 
of which were located at the top of the 
back-slope within the right-of-way ad­
jacent to warped sections of pavement. 
One of the locations (east location Sta. 
439 + 36, Project 301 H, Figure 14) was 
adjacent to a section of pavement on 
which experiments had been carried on 
to straighten warped slabs by inducing 
soil swell under the central part of the 
slab by injecting water into the sub-
grade. The second location was adja­

cent to a section of pavement where the 
warping was of a severe nature. 
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Figure 14 

Figure IS. View showing pit after soil had 
been excavated leaving the undisturbed col­
umn of soil. The 7" x 18" diameter concrete 
top was grouted in place before excavation 
was begun. 

Procedure: 

Part 1. Test on Soil Column. 

A pit approximately five feet square 
was dug so that its bottom was at the 
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same elevation as the bottom of the 
pavement. The bottom of the pit was 
cut to a smooth level surface. A pre-
moulded concrete cylinder 7 in. high and 

Figure 16. The entire soil column and con­
crete cap was wrapped with cloth to prevent the 
soil from slaking and flowing Into the voids of 
the sand with which the pit was backfilled. 

Figure 17. View showing pit filled with sand. 
Note the four (4) pins on which elevations were 
observed as the test progressed. 

18 in. in diameter was grouted in place 
on the floor of the pit. The excavation 
was continued around the concrete cap 
and the soil removed in such a manner 

that a column of soil 18 in. in diameter 
and 18 in. high remained (Figure 15). 
The soil column was then wrapped with 
cloth to prevent slaking and flowing of 
the soil into the voids of the sand with 
which the pit was backfilled (Figures 16 
and 17). Water was then added to the 
sand backfill twice daily for three weeks. 
Elevations were observed at four points 
on the concrete cap as the test pro­
gressed. 

Figure 18. View showing undisturbed sample 
of soil taken from pit after it had been cut 
down preparatory to coating with liquid rubber. 

Part 2. Tests on Undisturbed Samples 
of Soil. 

The material from around the soil 
column was removed with the utmost 
care. Small picks and scutches were 
used to cut around chunks of soil in such 
a manner that the chunks were removed 
without injuring the soil structure. The 
chunks were rushed into the field labora­
tory (located at the end of the project) 
where they were carefully Khajjcd as 
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nearly as possible into cyhndncal pieces 
(Figure 18) The specimens were then 
weighed and painted with hquid rubber 
Pieces of blotting-paper were placed on 
the top and bottom of the cylinder to 
allow entrance of water dunng the 
absorption penod 

After the sample was completely cov­
ered the total weight was recorded (soil, 
rubber, and paper) The specimens were 
then placed in the overflow volumeter 
and their volumes measured and re-

Dtscusston of Results' 
The test results shown on Figure 14 

(E location) are from a test column of 
A-7 soil which was of a fine, cloddy to a 
coarse, granular structure The soil in 
the other column (W location) was also 
of the A-7 group but was more nearly 
of a massive or single-grained structure 
showing no well-defined hnes of cleavage 
between soil aggregates as did the soil 
from the E location It may be seen 
that both soils had reasonably high plas-

T A B L E 1 
R E S U L T S OF S W E L L T E S T S ON SAMPLES OF UNDISTURBED S O I L 

Sample 
Volume 

Final 

Hours Vol increase 

Initial 
Density 

Initial 
Moisture 

Final 
Density 

Final 
Moisture 

1 777 39 5 
% 

31 7 1 64 14 0 1 24 37 6 
2 3118 20 5 40 0 1 66 . 15 8 1 19 39 3 
3 3411 41 0 44 9 1 71 16 9 1 18 42 9 
4 3418 16 5 52 7 1 69 15 2 1 11 43 9 
5 3779 20 0 53 6 1 66 17 4 1 08 47 7 
6 1896 40 5 45 7 1 68 17 2 1 16 42 7 
7 4256 67 0 42 9 1 66 16 2 1 16 30 6 
8 909 24 5 36 9 1 64 12 3 1 20 41 3 
9 697 25 0 34 9 1 69 8 3 1 26 34 8 

10 487 66 5 26 8 1 56 13 2 1 23 38 0 
11 378 25 0 29 5 1 57 11 4 1 21 37 9 
12 1552 24 5 36 7 1 59 15 7 1 16 41 0 
13 1439 39 0 29 7 1 44 12 5 1 11 46 8 
14 375 66 5 20 2 1 45 17 3 1 20 35 5 
15 4537 100 0 22 1 1 43 17 5 1 18 43 3 
16 377 67 0 15 6 1 34 12 8 1 16 43 3 
17 316 67 0 18 8 1 37 11 8 1 16 42 7 
18 622 40 0 21 5 1 41 10 3 1 16 42 7 

Samples 1 to 13—from Sta 439 + 46 
Samples 14 to 18—from Sta 405 + 97 

corded as onginal volume It was found 
that a thin spray of rubber paint over 
the blotting-paper at the ends sealed 
out the water dunng the first volume 
determination (This thin film was re­
moved pnor to swell) The specimens 
were placed in a tank of water, each spec­
imen being about one-half submerged 
Volumes of four specimens were observed 
at close intervals of time over a penod of 
120 hours The final volumes of the 
remaimng specimens were observed after 
complete softemng had taken place 

ticity indices Thus, their constants 
indicated both soils were of an expansive 
nature, yet the column of highly struc­
tured" soil resulted in a considerably 
greater movement upon absorption of 
water than did the other 

The results of the tests on undisturbed 
chunks, tested in the laboratory, showed 
a sinular trend, the highly structured 
soil resulting in a greater swell (Table 1) 
The highly structured soil, however, had 
the greater imtial density 

These findings are sigmficant in that 
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they show that the test constants of a 
soil do not entirely distinguish that soil 
in terms of the action which might be 
expected from it in its natural undis­
turbed structured state 

SUMMARY AND CONCLUSIONS 

Paris / and II 
The results of the tests indicate that-
1 The amount of swell obtained by 

test on an expansive soil is dependent 
upon the hmitations of the test itself 

2 The amount of swell of an expansive 

soil is dependent to a large extent upon 
the imtial moisture content and state of 
compaction 

3 The swelhng of soils tested under 
comparable conditions vanes as do the 
charactenstics of the different soils as 
shown by their test constants, provided 
the swell tests are made on soil which 
has been broken down and remolded 

4 The sweUing of soil in place in the 
soil profile is dependent to some extent 
upon its structural arrangement (or lack 
of arrangement) into soil aggregates 


