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Y U )  i TESTS ON SUBGRADE CORE SAMPLES. AS APPLIED TO THE DESIGN OF ROAD FOUNDATIONS

P.O. LEWIS, B.Sc., A.M.I.C.E 

Cape Provincial Roads Department, South Africa

SUMMARY.

Using a quick means of taking undisturbed subgrade core samples, which csn 
be subjected to soaking to suit local conditions, the relative bearing values 
of subgrades can be Metermined by a variety of test methods.

The results of California Bearing Ratio and swell tests on subgrade cores 
from well trafficked roads, shew that generally, more satisfactory results ob
tain in the field, than would be expected from comparison with tests on sample« 
moulded in a laboratory. The effects of density variations, both with locality 
and depth below surface, together with differences in soil structure, are such 
as to render tests on moulded samples more or less indicative in character,and 
emphasize the empirical nature of designs based upon them.

A test section, constructed under close control and tested at intervals 
during traffic compaction, illustrated some of the discrepancies which may be 
expected to occur, as well as the desirability of obtaining traffic compaction 
of the subgrade, even after the most rigid construction control.

It is suggested that the large scale use of subgrade core samples, together 
with some simple form of test technique, such as the C.B.R. and swell test, 
offers a ready means of correlating test results with past performance, and 
that designs formulated from tests on moulded samples, should be reviewed in 
the light of tests carried out as construction proceeds.

.Since densities, for construction control, can be measured by core sampling 
as quickly as and more accurately than by sand displacement, a large number of 
results can be obtained for determining the final design, with very little add
ed cost or effort.

INTRODUCTION.

The determination of the bearing value 
of constructed road subgrades, using in situ 
C.B.R. tests, was tried, but owing to the dif
ficulties of in situ soaking, and the lack of 
any swell determinations, was discontinued in 
favour of testing core samples.

In considering designs based on such re
sults, the following points have been studied:

a) What relationship, if any, exists between, 
tests on cores and on samples moulded by

hammer compaction?

b) How accurately can the C.B.R. thickness 
curves be applied to tests on subgrades

which have been compacted under unknown con
ditions of moisture and compactive effort?

Measurements were made of:
Grading and soil constants.
Field moisture content and density.
C.B.R. swell and soaked moisture content. 
C.B.R. - density relationships of samples 
moulded at Modified A.A.S.H.O. optimum moist
ure content, together with swell values. 

Standard size samples, 6n diameter and 
5" long were used throughout and all C.B.R.*s 
were measured after four days soaking, by im
mersion with 10 lbs. surcharge, provided that 
the swell in the last 24 hours was less than 
0.1%. Only one sample required more than four 
days soaking.

DESCRIPTION 01? S AMP TER -

The Umtata Soil Sampler can be made for 
taking either confined or unconfined cores of

the desired diameter and length. It is illus
trated in Fig. 1, as made for taking a core 
up to 18n long and 6" diameter, in a series 
of moulds each 5" long, with 1" gaps between 
samples.

In principle, a cutting edge is screwed 
into one end of a split cylinder, which con-

Umtata soil sampler.

FIG.1
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tains the moulds, which are separated by spacer 
rings in the split cylinder. An auger rotates 
concentrically around the split cylinder, and. 
the two are forced into the ground together, 
by pressure applied to the top of the cylin
der. The auger cuts an annular groove which 
is always a little deeper than the cutting 
edge.

In effect, the cutting edge is being 
continually forced into a column of soil of 
slightly larger diameter, and about 1” high, 
cutting from it the required size core, over 
which the moulds slide and contain it firmly.

When the required depth has been reached, 
the core is broken off and the sampler lifted 
from the test hole.

Removal of the split cylinder discloses 
the core, contained in the moulds and exposed 
over 1" lengths left by the spacer rings be
tween the moulds, and protruding about 1" top 
and bottom.

The core is divided at the exposed points, 
and the individual samples are trimmed off 
flush in each mould, weighed, and packed in 
frames for transportation back to a field lab
oratory.

Samples are taken from the sides of the 
test hole at the appropriate depths, for 
moisture content and dry density calculations.

A jack, with rigidly held shaft, is 
mounted on the back of a loaded 3 to 5 ton 
truck, and is used to force the assembly in
to the ground with pressures varying from 
about 1,000 lbs. to a maximum 6,000 lbs., de
pending on the nature of the soil.

The truck is usually raised off its 
springs, to eliminate any movement during 
sampling.

When sampling, the cutting edge is first 
seated firmly on the soil, before rotating 
and screwing the auger into position. In 
heavy clay soils, it is sometimes necessary 
to raise the auger end. clean the spirals, 
during sampling, but since the pressure on 
the split cylinder is maintained throughout, 
this is readily accomplished without any dis
turbance of the core.

Hand operation of both the auger and the 
jack are preferred, though a power drive can be 
fitted.

Cores have been taken successfully in 
all classes of subgrade, except where +£" hard 
aggregate is present in appreciable quantitiea 
Less than 10% of the points tested in 40 miles 
of road in varied localities, have presented 
sampling difficulties.

Fine grained subgrades, laterites, de
composed sandstones and dolerite, and mode
rately hard shales have been successfully 
sampled. Loose dry shales or uncompacted diy 
sands have presented difficulties when divid
ing and trimming the cores.

For confined samples, a cutting edge 8 
to 10 thousandths inch smaller inside diame
ter than the moulds is used, to reduce the 
friction as the moulds slide over the core.
This allowance still ensures that the cores 
are firmly contained in the moulds, and no 
detectable error is caused, on this account, 
except a possible 0.3% maximum in the swell 
value though it is considered that the swell 
error, if any, is probably considerably less.

For unconfined samples, a cutting edge 
15 to 20 thousandths inch smaller diameter 
than the moulds, is used. This permits of the 
cores being quite easily extruded from the 
moulds, yet they are sufficiently firmly con
tained to be trimmed and packed for transport
ation inside the moulds.

Measurements made both during sampling

and after extrusion of the cores, disclosed 
no compression of the samples, which are con
sidered. to be truly representative.

All samples, after test, are extruded ? 
and split open and examined. Only occasional 
and unimportant skin defects have been observ
ed in coarse materials such as laterites, and 
are considered of no consequence. The presenoe 
of large aggregate beneath the C.B.R. piston, 
however, can cause serious errors in test re
sults, but is easily detected.

Being truck mounted, the sampler is mo
bile, and assembly is a matter of only a few 
minutes.

It can be used to a depth of about 30 
inches below road surface.

Under average conditions, ten to twenty 
minutes is required to cut a core 18” long, 
but in heavy clay, this time may be increased 
to as much as forty minutes. A further fif
teen to twenty minutes is occupied in trim
ming, weighing and packing the samples. Under 
good conditions, 30 samples 6" diameter and 
5" long have been taken in a day, both in
dividually and in series of two and three at 
each test point. The average rate of sampling 
is about 20 per day.

FIELD TESTS.

Of more than 700 cores tested from well 
trafficked road subgrades, 95 were compared 
with samples moulded to field density at Modi
fied A.A.S.H.O. optimum moisture content.

In 79 cases', the C.B.R. ’s of cores ex
ceeded the p.B.R.’s of moulded samples.

In 7 cases the reverse applied, and in
9 cases, they were equal.

Close agreement existed between the moist
ure contents after soaking, but the swell 
values of cores were generally lower.

Besides other possible explanations for 
the higher C.B.R.*s of the cores, there were 
two observable effects:

a) Densities normally decreased with depth 
below road surface, often to 18" and more,

resulting in a density gradient throughout 
the core samples, which is not present in the 
moulded samples. The density at the surface 
of a core sample was therefore usually higher 
than the average density of the whole core, 
and comparison of C.B.R.'s at average density 
may show a higher core C.B.R. on this account, 
particularly in the case of less cohesive 
soils.

b) Cores and moulded samples of highly cohe
sive soils often showed differences in

texture which were obvious to the eye. Mould
ed samples appeared finely divided and reason
ably uniform. In theory, at least, every part
icle had been lubricated with a film of moist
ure which thickened during soaking, causing 
swell and decreased bearing value. Cores, on 
the other hand, often showed visible agglome
rations, which are presumably less affected 
by soaking, and extending the soaking time to
7 days, appeared to cause little or no in
crease in swell or decrease in C.B.R.

Two typical examples are:

a) Cores from an A3 subgrade at depths of 5" 
to 10" and 11" to 16" below road surface, 
shewed a density gradient of 1.2 lbs./cu. ft.

per inch and C.B.R.*s of 50 and 17 respective
ly. C.B.R.'s on samples moulded to equal core 
densities, were only 31 and 8, but, when 
moulded to the densities of the top 1" of the 
cores, were 54 and 16.

b) Cores from an A7-6 subgrade, at depths 7"
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to 12" and 13" to 18" below roaa surface, 
were both slightly above the plastic limit,
«nd shewed virtually no density gradient. 
(Densities 91.5% and. 91.0% of Modified. A.A.S. 
H.O. maximum).

Moisture contents after soaking of the 
cores and. moulded samples were identical, but 
whereas the C.B.R. and swell values of both 
cores were 16 and 0.25%, the moulded samples 
were C.B.R. 3 and swell 3.1%. Moulding to 100% 
density increased the C.B.R. to 7 and decreas
ed the swell to 2.4%.

TEST SECTION.

A layer of uniform soil was compacted to 
a 7" depth under very careful control at op
timum moisture content (maximum variation from 
optimum 0.5% and standard deviation of 30 de
terminations, 0.2%). Two sections, A and B, 
were constructed to different densities, using 
sheepsfoot rolling throughout, and finishing 
with flat rolling. Mean densities, measured 
at depth 1" to 6", were 88.4% and 91.5%. Test
ing was done on core samples in groups of 15 
from each section, in order to determine ac
curate mean values, together with the- stand
ard deviation as a measure of the local varl-
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ations. All measurements were made at depths 1" 
to 6" below the surface.

Sampling was carried out:
Immediately after compaction.
After 7 days curing.
After 1,200 coverages with a 6000 lbs. 
wheel load.

After C.B.R. penetration, cores taken in 
serieB (1) and (3) were extruded from the 
moulds in 1" layers and the density gradients 
determined, and corrected for the effects of 
penetration. Density determinations from the 
core sampling were first checked against 
measurements using sand displacement with a 
double-funnel density device of considerable 
accuracy. Good agreement was obtained between 
the mean values of both methods, but the small
er standard deviations using cores indicated 
greater accuracy.

The mean Log. C.B.R. value was used for 
determining the C.B.R. at mean density, of 
any series.

Fig. 2 depicts the moulded characteris
tics of the soil. Moulded samples shewed little 
or no density variations throughout their 
depth.

Test results and comparisons are shewn 
in Figs. 3, 4 and 5.
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Densities increased slightly after cur
ing, with a disproportionately greater in
crease in C.B.R. value.

After traffic compaction densities were 
further increased, but the increase in C.B.R. 
was again disproprotionately large.

Swell values shewed a decrease after cur
ing, and a further decrease after traffic com- 
paction. The swell values of samples moulded 
to corresponding densities were higher than 
those of the core samples, but total soaked 
moisture contents at corresponding densities, 
shewed close agreement.

Standard deviations, in lbs./cu. ft., of 
the density determinations were:

Section A. Section B.

Series 1 ..........  2.11 1.64
Series 2 ..........  1.90 2.18
Series 3 ..........  1.41 1.09
indicating that traffic compaction had reduc
ed the variations in density throughout each 
section.

In both series 1 and 2, the density-C.B.R. 
values are widely scattered on either side of 
the mean density-C.B.R. curves, and C.B.R.'s 
range from 6 to 30 and from 10 to 50 respect
ively.

After traffic compaction, the density- 
C.B.R. values are much closer to the mean 
curve, and C.B.R.'s range from 26 to 62.

Examination disclosed that in series 1 
and 2, many different forms of density gra
dient existed in the various cores. In series
3, however, traffic had evened out these vari
ations to a large extent, and the density - 
gradients were more uniform in type (individu
al density-depth curves are not included). 
C.B.R. values in series 3, accordingly bore 
a closer relationship to density.

It would appear that the 6,000 lbs. wheel 
load will eventually establish a density of 
115.7 lbs./cu. ft., with C.B.R. value of 60, 
in both sections, and that thereafter, any 
further increases in density and C.B.R., will 
be the same in each section.

Superimposing the moulded Jensity-C,B.R. 
curve of Fig. 3 upon the Density-C.B.R. curves 
for various thicknesses of layers (Fig. 4), 
shews close agreement with the top 4" layer 
in series (1 ) and the top 1 " layer of the 
cores in series (3 ).

This might be interpreted in either of 
two ways -

Either a more stable structure has been 
set up after traffic compaction than would be

OBSERVATIONS. expected from density comparisons, or, the 
C.B.R. test at higher values, is primarily in
fluenced by the top 1 " of material tested. 
Testing at various depths should allow for 
the latter effect.

The increase in mean density after traf
fic compaction, is shewn in Fig. 5 , to be 
fairly uniform throughout the depth 1 " to 6" 
below surface.

CONCLUSIONS.(See also Summary).

1) Immediately after compaction, the mean 
C.B.R.-density relationship established in

the field, may agree fairly well with the 
moulded test values, but local variations in 
density and density gradient will be appreci
able, causing widely differing results from 
point to point.

2) After curing and traffic compaction, higher 
C.B.R. values are developed than would be

expected from comparison with samples moulded 
at optimum moisture content to corresponding 
average densities. Swell values, on the other 
hand, are lower.

3) Even after strict compaction control, it 
is desirable to subject the subgrade to

traffic compaction before surfacing. Local 
variations in density and density gradient 
will be reduced, and more uniform, as well as 
higher, density and C.B.R. values will result.

4) To take into account the effects of de
crease in density with depth, at least two

core samples at different depths should be 
taken from each test point, and designs should 
be based on the C.B.R. values at the depth of 
the top of each sample.

5) Designs based on testing moulded samples 
appear somewhat conservative when compared

with mean results obtained in the field. How
ever, since local variations in density and 
C.B.R. immediately after construction, may be 
considerable, such designs are not so conser
vative when compared with the lowest C.B.R.'s 
developed in some mechanically compacted sub
grades .

If traffic is allowed to iron out these 
local variations before surfacing, it would 
appear justifiable to reduce the design con
siderably, in the light of tests on core 
samples, but it is considered that more in
vestigation is required of the relationship 
between road performance, pavement thickness, 
and in situ C.B.R.

-o-o-o-o-o-o-


