
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


w i n  1 A PROCEDURE FOR EVALUATING THE INFLUENCE OF THri MOISTURE CONTENT OF THE SUB-

GRADE ON THE THICKNESS REQUIRED FOR FLEXIBLE PAVEMENTS OF AIRFIELDS.

H. LOXTON, B.C.E., B.Sc., A.M.I.E. Auat.

Engineer for Materials & Research

H.M. BEAVIS, B.E., B.Sc., Stud.M.I.E.Aust. 

Soil Engineer

M.D. McNICHOLL, B.Sc.,
Physicist

Commonwealth Department of Works and Housing, 
Melbourne - Australia.

SUMMARY.

This paper describes field and laboratory measurements made in the develop
ment of a procedure for determining the California Bearing Ratios to be used in 
the design of flexible pavements for airfields with clay subgrades.

From laboratory tests a single curve may be drawn relating California Bear
ing Ratio and moisture content. The appropriate point on this curve, to be used 
for desipi, may be estimated by measurements of field moisture and lower plastic 
limit.

The desirability of using unsoaked specimens for the measurement of Califor
nia Bearing Ratio is stressed.

Desirable conditions for the compaction of expansive clays are discussed.

INTRODUCTION

For the design of flexible pavements of 
airfields in Australia, use is made of the 
curves relating the California Bearing Ratio 
and the pavement thickness required for any 
particular wheel load. In the recent acceler
ated traffic tests carried out by the U.S.
Corps of Engineers to verify and extend these 
curves it is particularly noted that the Cali
fornia Bearing Ratio used was that measured in 
the field at the time of test.

The purpose of the experiments discussed 
in this paper was to arrive at a method of es
timating the California Bearing Ratio of a run
way subgrade for the worst conditions likely 
to arise. The experiments and conclusions are 
limited to plastic soils and results are quot
ed from only two airfields. The grading and 
properties of a typical sample from each site 
are shown in Fig. 1, together with climatic 
data.

DESCRIPTION OF INVESTIGATION 

Relation between California Bearing Ratio.Den

sity and Moisture Content.

The first portion of this paper describee 
a series of tests to illustrate the effect of 
density and moisture content on the California 
Bearing Ratio. These tests were conducted on a 
clay from Broken Hill Airfield which is typic
al of large areas of inland Australia.

A number of specimens were prepared in 
standard California Bearing Ratio moulds cover
ing a large range of densities and moisture 
contents. The California Bearing Ratios of 
these specimens were determined by penetrating 
them without soaking giving the results shown 
on Fig. 2. From these results the lines of con
stant California Bearing Ratio were drawn.

A duplicate set of specimens covering the 
same range of density and moisture content were 
soaked as recommended for the California Bear
ing Ratio test and. after penetration of both 
the upper and lower surfaces the moisture con
tent and density of each inch layer of the spe
cimens were determined.

The swell resulting from soaking causes 
a decrease in density, the largest change be
ing at the top of the cylinder where the res-
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Material - Broken Hill Clay. Lines of constant
C.B.R. drawn on plot of moisture - density 
relationship.(Theselines were derived from
C.B.R. results on unsoaked specimens as 
indicated by figure adjacent to plot of 
moisture - density condition shown thus 7V)

FIG.2

Material - Broken Hill Clay.C.B.R. results on 
soaked specimens as shown by figure adjacent 
to plot of moisture - density condition after 
soaking. Lines A-A, B-B are boundaries of zone 
occupied by these points. Lines of constant
C.B.R. are transferred from figure 2.

FIG.3

MOISTURE C O N T E N T  (%)

Material - Broken Hill Clay. Curves from figure 
3 redrawn as constant density lines on a 
moisture content - C.B.R. plot. Lines A-A B-B 
are transferred from figure 3.

FIG.5

Material - Broken Hill Clay. C.B.R. results on 
soaked specimens plotted against moisture 
content after soaking. Line C-C is a mean line 
drawn through these results. Lines A-A B-B are 
transferred from figure 5»

FIG.6
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Material -Broken Hill Clay. Plot of moisture - 
density conditions measured below bituminous 
surfaced pavements. Lines A-A, B-B are trans
ferred from figure 3.

FIG.4

traint is due only to the surcharge.
The changes in density and moisture con

tent of these samples, as illustrated in Fig.
7 , are by no means extraordinary compared with 
those of many clays encountered in Australia. 
Due to the large gradient of density and moist
ure content in the soaked specimens the value 
of the California Bearing Ratio obtained for 
such samples cannot be associated with a spe
cific condition of density and moisture con
tent.

The irregularities of the values of Cali
fornia Bearing Ratio less than about 4 (as

Material - Broken Hill Clay.Change in density 
and moisture content of specimens during soaking 
for C.B.R. test.

FIG.7

shown on Fig. 3) are due largely to this since 
many of these low values are associated with 
the larger gradients in density and moisture 
content.

In this series of soaked specimens the 
density and moisture content of the surface cue 
inch layer were taken as representative of the 
average condition of the material pertaining 
to the particular California Bearing Ratio. 
These conditions with the associated California 
Bearing Ratio are plotted on Fig. 3. These re
sults agree closely with the lines of constant 
California Bearing Ratio derived from the un
soaked specimens.
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It may also be noted, that the final con
ditions of density and moisture content, after 
soaking, fall within a narrow zone bounded by 
the lines A-A and B-B which are approximately 
parallel to the zero air voids curve.

The densities and moisture contents of sam
ples taken from below the bituminous surfaced 
runway pavements constructed three years pre
viously at Broken Hill Airfield are plotted on 
Fig. 4, and it will be seen that the majority 
of these samples also fall between the lines 
A-A and B-B in Fig. 3. No smmples show as high 
a moisture content as the upper surface of some 
of the soaked laboratory specimens.

It is suggested, by the foregoing, that 
the procedure for this test could be amended 
to provide for the penetration of unsoaked spe
cimens prepared at suitably chosen conditions.

Use of a single curve relating California Bear

ing Ratio and Moisture Content.

These laboratory experiments and field 
measurements indicate that if moisture is avail
able to a clay the plot of its final density 
and moisture content will fall within a com
paratively narrow zone.

It will be seen that in this zone the lin
es of constant California Bearing Ratio are al
most parallel to the density axis and hence for 
any moisture content the California Bearing 
Ratio value is almost independent of density. 
This is further shown on Fig. 5», the log of 
California Bearing Ratio being plotted against 
the moisture content. The lines of constant 
density on this plot are almost parallel to the 
lines A-A and B-B. The zone between lines A-A 
and B-B is extremely narrow and no wider than 
normal experimental error in these tests. It 
is considered that it may be replaced, as in 
Fig. 6, by a single line C-C drawn, irrespect
ive of density, through the mean of the test 
results of soaked specimens.

This relationship between California Bear
ing Ratio and moisture content may be used for 
design purposes if the maximum field moisture 
content can be determined, the corresponding 
California Bearing Ratio being then read from 
the above curve.

Study of field moisture content and its relat

ion to the Lower Plastic Limit.

For an expansive clay, the swell after the 
initial compaction, follows approximately lines 
similar to those shown in Fig. 7 until it reach
es the zone between lines A-A and B-B. It is 
believed that for subsequent wetting and dry
ing the plot of dry density and moisture con
tent would be approximately parallel to the 
zero air voids curve provided the moisture con
tent did not fall below the shrinkage limit.

Under a pavement, evaporation is restrict
ed and an equilibrium condition is finally 
reached. Similarly, at a depth of a few feet in 
clay, evaporation is restricted and a somewhat 
similar equilibrium condition is reached. This 
is shown in Fig. 8 by the series of moisture 
measurements at Essendon Airport extending over 
a period of 18 months. In this period the moist
ure content to a depth of about 2' below natur
al surface was subject to seasonal change 
whereas below that depth the variation in moist
ure content was not greater than might be ex
pected from variation in properties of the va
rious samples.

Measurements of moisture content below pa
vements indicate that above the watertable a 
clay soil tends to approach a moisture state

Material - Essendon Clay/Measurements of 
moisture content showing seasonal variation 
down to a depth of approx. 2 feet.

FIG.8

dependent on the climate and properties of the 
soil but, within the range normally encounter
ed, largely independent of density. In the case 
of plastic soils the Lower Plastic Limit ap
pears a significant value to which the moist
ure state of the soil can be related.

The moisture content and Lower Plastic 
Limit of soil samples from various depths in ti
bores situated at the corners of a 20 foot 
square at the Essendon Airport are recorded in 
Table 1. The soil is a clay formed from the de
composition in-situ of a basalt flow. As can 
be seen from the table the plastic properties 
and moisture content vary considerably over 
quite short distances and intervals of depth.
It is significant however that the variations 
in field moisture content at a particular depth 
follow closely the changes in the Lower Plas
tic Limit. It is imperative in such studies 
that the field moisture content and the Lower 
Plastic Limit be measured on the same sample.

Examination of the shape of curves relat
ing California Bearing Ratio to moisture con
tent for similar clays revealed that they are 
of the same shape but displaced parallel to 
the moisture axis. The displacements are ap
proximately proportional to the differences in 
the Lower Plastic Limits.

It follows that, as both the field moist
ure content and the moisture content for any 
particular value of the California Bearing 
Ratio vary together with variations in the 
Lower Plastic Limit, the value of the Califor
nia Bearing Ratio to be used in the design of 
a pavement as determined from one sample of

TABLE I.

Material - Essendon Clay.Tabulation showing 
variation of moisture content and lower plastic 
limit over short distances and at different 
depths on an unpaved area. (Individual figures 
show values of moisture content and lower 
plastic limit for the depths tabulated, in 
four bores (a) (b) (c) and (d) situated at the 
corners of a 20 ft. square.)
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MOISTURE CONTENT (%)

Material - Eesendon Clay.Plot of moisture 
density condition measured below runway 
pavement showing boundaries of the zone 
occupied by soaked laboratory specimens.

FIG.9
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Material-Essendon Clay.C.B.R. results on soaked 
laboratory specimens plotted against moisture 
content after soaking. Line D-D is a mean line 
drawn through these results.

FIG.10

this basaltic clay should, subject to similar 
drainage conditions, be generally applicable 
to basaltic clays of this area even though the 
Lower Plastic Limit may vary considerably. The 
testing of a large number of samples would ap
pear to be unnecessary.

Investigation of subgrade conditions under a 
recently paved runway^

The densities and moisture contents of a 
large number of samples from beneath a runway 
pavement at the Essendon Airport are plotted 
in Fig. 9- It will be seen that all the results 
fall within a narrow zone. In this case the 
moisture contents of the field samples are low
er tham for the soaked laboratory specimens 
and are also lower with respect to the Lower 
Plastic Limit than for samples of clay taken 
from greater depths. It is considered that this 
difference is due to the very recent construc
tion of this runway and that the moisture con
tent under the pavement will continue to in
crease for some time.

Comparison of Field and Laboratory California 
Bearing: Ratio (Tests.

Figure 10 shows the relation between Ca
lifornia Bearing Ratio and moisture content ob
tained from soaked laboratory specimens, made 
up from a single sample of the basaltic clay. 
The plot, as with the Broken Hill clay, is ap
proximately a single line D-D,

A large number of measurements of Califor
nia Bearing Ratio of this subgrade have been 
made with field California Bearing Ratio equip
ment determining for each test point the moist
ure content, density and Lower Plastic Limit. 
Some of these results are shown on Fig. 11 plot
ting moisture content as a percentage of the

Material-Essendon Clay.C.B.R. values, determined 
in-situ, plotted against the ratio of moisture 
content to lower plastic limit, showing some 
lines of constant density. Line D-D is 
transferred from figure 10.

FIG.11

Lower Plastic Limit instead of its absolute 
value.

Due to the lower moisture content these 
results indicate somewhat higher California 
Bearing Ratio than was obtained from the labor
atory tests which are represented by the line 
D-D. However, if a full set of curves relating 
moisture content, density and California Bear
ing Ratio are drawn similar to those in Fig. 4 
for the Broken Hill sample, both field and lab
oratory results fit the same curves indicating 
that the stability of the clay in-situ is ap
proximately the same as that of the laboratory 
specimen, remoulded at the same density and 
moisture content. This conclusion was also 
checked by remoulding at the same density and 
moisture content, soil tested in the field,and 
penetrating these specimens without soakir.g.
The comparative results are shown in Tablell.

TABLE II.
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Material - Essendon Clay.Tabulation showing 
comparative results of field C.B.R. values and 
laboratory C.B.R. values on soil remoulded to 
the same moisture content and density as 
existed for the field test. On the average the 
comparative results show that the laboratory
C.B.R. is equal to 0.97 x field C.B.R. (The 
dry density, moisture content and lower plastic 
limit of the soil, for both field and laboratory 
tests, at time of penetration is included in 
the tabulation for each individual case.)
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It is thought that benefit attributed to struc
ture is often more correctly the result of the 
difference between the field moisture contenv 
and the moisture content of a soaked labora
tory.

PROPOSED PROCEDURE FOR DETERMINING CALIFORNIA

BTT.ARTTTfi RATIO DESIGN VALUE.

As a result of these investigations it is 
considered the steps in determining the Cali
fornia Bearing Ratio to be used in the design 
of a flexible pavement should bet
a) Compact a number of specimens 1 inch thick 

covering a range of density from the field
density to 100% A.A.S.H.O. modified maximum 
density and moisture content from the modified 
optimum to the field value or the Lower Plas
tic Limit whichever is the higher.
b) Soak one specimen at each density between 

fixed porous plates so that swell is pre
vented. Soak remainder under a surcharge cor
responding to the proposed pavement thickness. 
After soaking, determine the density and moist
ure content of these specimens.
c) The plot of these results gives the full 

range of density and moisture conditions
which could exist below a pavement and is a 
narrow zone such as between the lines A-A and 
B-B in Fig. It is thought that this zone is 
always parallel to the zero air voids curve and 
can probably be estimated from a few swell 
tests.
d) Choose 3 or more points within this zone and 
compact California Bearing Ratio specimens 
for each particular density and moisture con
dition. Penetrate these specimens without soak
ing and from the results plot the California 
Bearing Ratio-moisture content relationship.
e) Estimate the relation between the highest 

moisture content for this soil below a pave
ment and its Lower Plastic Limit. This may be 
arrived at by measurements below existing pave
ments at the airfield where sufficient time has 
elapsed for equilibrium conditions to be estab
lished, or estimated from the knowledge of sim
ilar soils under similar climatic conditions. 
The moisture content will range from somewhat 
below to slightly above the Lower Plastic Limit, 
depending on the climate and the soil.
f) Read off from the California Bearing Ratio

moisture content curve the California Bear
ing Ratio equivalent to this moisture content 
and use this value for the pavement design (see 
Fig. 6 and 10)

DESIRABLE CONDITIONS FOR THE COMPACTION OF EX

PANSIVE CLAY SUBGRADES.

The information given by the plot of change 
of density with increase of moisture content as 
in Fig. 7 is also important during construction.

Where the subgrade of the pavement is in 
cut and the density and moisture conditions ap
proximate to the equilibrium moisture condit
ion no further compaction is warranted and wet
ting or drying out of the subgrade should be 
prevented as far as possible.

Where the subgrade is in fill and it is 
important that swell be minimum, as under a 
concrete pavement, the soil should be compact
ed as closely as possible to the equilibrium 
condition.

Compaction at moisture contents below the 
equilibrium value would permit the use of heav
ier equipment with less difficulty in plant 
operation and the incorporation of water. This 
is permissible where some swell is not detri
mental, as under a flexible pavement, but com
paction must then be to such higher density so 
that on swelling the clay will retain the de
signed density at the equilibrium moisture con
dition. The density to be achieved for any 
moisture content is indicated by a swell line 
such as E-E on Fig. 7. Compaction above this 
line is wasteful as it is not permanent and 
compaction below the line leaves the danger of 
considerable softening and low stability should 
the subgrade be flooded or the water table rise 
above subgrade level. It is essential that com
paction should not be carried at moisture con
tent above the equilibrium since, although 
loss of moisture will eventually occur the 
process will be very slow and heavier pave
ments will be required as such drying out may 
not be complete before the pavement is sub
jected to traffic.

The information in this paper is publish
ed with the permission of Mr. L.F. Loder, Di- 
rector-General, Department of Works and Hous
ing, Commonwealth of Australia.
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PURPOSE AND SCOPE.

The Bureau of Yards and Docks of the U.S. 
Navy Department has found by experience that 
data obtained by loading with various sizes of 
steel plates, both on trial sections of flexi
ble pavements and on subgrades, provide a rea
sonably good basis for design. Following the

war, It was proposed to evaluate both flexible 
and concrete pavements at fifty or more air
fields for two purposes; first to rate the 
fields for upper limits of wheel loading and 
second to obtain general and detailed infor
mation concerning pavements and subgrades to 
serve as a basis for the future design of new


