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ABSTRACT

In design of highway, soil bearing capacity is very affecting the thickness of pavement. One of the methods to determine
the soil bearing capacity in Indonesia is CBR (California Bearing Ratio) test. The field soil conditions are soaked
(saturated) and un-soaked, considering these conditions, conducted CBR testing in the laboratory on soaked and

un-soaked conditions.

This research aims to make comparisons between CBR soaked test results for CBR un-soaked in some variation of clay
content and make simple comparisons between CBR soaked for CBR un-soaked by considering the soil properties
whereas can be predicted the CBR soaked value based on the CBR un-soaked test results.

The results showed that there was a linear correlation between the CBR soaked and CBR un-soaked also influenced by
the nature of the index (the properties of the soil). The maximum value of CBR ranges of 30-40 percent clay content.
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1. INTRODUCTION

Sub-Grade soil bearing capacity plays very important role
for the design of highway structure. It determines design
thickness of the pavement. High bearing capacity of
sub-grade soils reduces the required thickness of pavement.
The bearing capacity of sub-grade (base soil) is mostly
influenced by the type of soil, water content and its density.
Several methods are available to determine base soil bearing
capacity such as California Bearing Ratio (CBR) test, Plate
Bearing test (to determine modulus of sub-grade reaction and
modulus of resilient), Dynamic Cone Penetrometer (DCP)
test, Machintosh Probe and Hand Cone Penetrometer (HCP)
test, which is also known as Proving Ring Penetrometer [1]

It is common in Indonesia that the base soil bearing
capacity for highway pavement design is determined by CBR
test measurement. This can be from the laboratory CBR test
or directly from field CBR test. However. base soil bearing
capacity can also be determined using field tests such as DCP,
HCP, and Machintosh Probe [6]. These tests are much
simpler and faster to perform. Correlation between the result
of DCP test and CBR value, CBR test and HCP test are
available whereas the prediction between the result of CBR
laboratory soaked test and CBR laboratory soaked value is
hardly found. Moreover, this prediction should be determined
locally based on common local experience.
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This research is aimed to obtain a local correlation between
the results of CBR laboratory test without soaked and CBR
soaked value. The correlation is based on the comparison
CBR un-soaked test results and CBR soaked value which has
the same fraction of sand and clay in soil

2. LITERATURE RIVIEW
Proctor Compaction Test

The Proctor compaction test is a laboratory method of
experimentally determining the optimal moisture content at
which a given soil type will become most dense and achieve
its maximum dry density. These laboratory tests generally
consist of compacting soil at known moisture content into a
cylindrical mould of standard dimensions using a compactive
effort of controlled magnitude. The soil is usually compacted
into the mould to a certain amount of equal layers, each
receiving a number blows from a standard weighted hammer
at a specified height. This process is then repeated for various
moisture contents and the dry densities are determined for
each. The graphical relationship of the dry density to moisture
content is then plotted to establish the compaction curve. The
maximum dry density is finally obtained from the peak point
of the compaction curve and its corresponding moisture
content, also known as the optimal moisture content (OMC).

The testing described is generally consistent with the
American Society for Testing and Materials (ASTM)
standards, and are similar to the American Association of
State Highway and Transportation Officials (AASHTO)
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standards. Currently, the procedures and equipment details
for the standard Proctor compaction test is designated by
ASTM D698 and AASHTO T99. Also, the modified Proctor
compaction test is designated by ASTM DIS557 and
AASHTO T180 [2].

2.1 California Bearing Ratio (CBR) test

The equipment for determining CBR value is a piston
having an area of three square-inches. The piston is moved in
vertical direction on a soil sample with a speed of 0.05
inch/minute. A Proving ring with dial gauge is attached to the
piston to measure the load at certain penetration. The CBR
value is the comparison between applied piston loads on a soil
sample and the standard loads, which vahie is expressed in
percentage [2]).

Basically, the CBR value describes the strength soil
compared to the standard material. Indirectly, it also
describes the relative density of the soil. Several correlations
between CBR values and the results of other field
measurements exist such as to results of Dynamic Cone
Penctrometer (DCP) test [3], [4], [5]. This has been used in
practice.

A comparative study of HCP and CBR field tests has been
performed by Nugroho et al. [6] on peat, sand, clayey sand
and clays soil. The study was aimed to indirectly relate the
value of CBR un-soaked to CBR soaked value through the
comparison of the results of HCP to CBR field tests. From
the point of view of testing mechanism, CBR field test and
CBR laboratory test procedures are the same. CBR field test
uses static penetration whereas HCP is also uses quasi-static
penetration test. Compared to CBR un-soaked test, which is
also a quasi-static penetration test, CBR laboratory is a closer
method. Hence, direct correlation between CBR un-soaked
tests results to CBR soaked value seems to be more relevant.
This correlation can be based on the same soil mixture. This
study aims to obtain direct local correlation between the two
latest two tests.

3. MATERIALS AND METHODS

In order to obtain the correlation between CBR soaked
test and CBR un-soaked test results, comparison of two kind
CBR test condition of several mixture soil samples from
Pekanbaru were performed. The CBR tests of two condition
tests were performed for each mix-soil sample from each
variation. Thus, the density before and after soaked of the soil
for both tests is the same for each soil from each condition.
There were 45 CBR soaked tests and 45 CBR un-soaked tests
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performed at nine conditions of sand and clay mixture soil
within the city of Pekanbaru, Indonesia. The result of index
properties can be seen in Table 1. For index properties, soil
can be classification for sand poorly graded (SP) to clay with
low plasticity (CL) [7], [8]

Table 1 Properties of Materials

Clays |I1L(%) |PL(%) |Gs USCS
0 NP NP 2,671 SP
30 13.58 2,43 2,677 SM
40 16,87 5,56 2,679 | SM-SC
45 19,16 6,86 2,681 | SM-SC
50 20,36 7,84 2,684 SC
55 20,54 7.96 2,688 CL
60 23,81 9,36 2,704 CL
70 25,63 8.32 2,699 CL
100 37,73 16,19 2,75 EL

3.1 Materials

Materials required for field tests are a set field CBR tools
and a CBR mould. The CBR mould was used to obtain
undisturbed sample for determination of physical and
mechanical properties of the soil in laboratory and CBR
mould uses to determine CBR value after soaked in the
Laboratory for 7 (seven) days. Along mould containing
specimen soaked, swelling of the specimen should be noted to
know swelling potential of the soil from different location.
Figure 1 shows the layout of CBR test in the field (un-soaked)
and in the Laboratory (soaked)

a. CBR Laboratory
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b. Field CBR cquipment
Figure 1 Testing Equipment

3.2 Methods

Surcharge weights of 2.5kg are placed on top surface of
soil. The penetration plunger is brought in contact with the
soil and a load of 4kg (seating load) is applied so that contact
between soil and plunger is established. Then dial readings
are adjusted to zero. Load is applied such that penetration rate
is approximately 1.25mm per minute. Load at penetration of
0.5,1,1.5,2,2.5,3,4,5,7.5, 10 and 12.5 mm are noted.

The CBR soaked (CBR tested in laboratory) tests were
performed simply. After mould containing specimen soaked
about 7 days, mould containing specimen is placed in position
on the testing machine, by pressing the piston into the mould
containing specimen from different locations. After that, load
is applied such that penetration rate is 1.25mm per minute and
then the tests were performed. For the determination of the
physical and mechanical properties of the soils, undisturbed
samples were taken from each location and the tests were
done in laboratory.

4. RESULTS AND DISCUSSION

The results of this research are presented in three parts.
First, the results of the all performed tests are described. After
that regression analysis between CBR test results and filed
CBR values as well as regression of fraction clay with Gs,
Atterberg limits, unit weight density of the soils are shown. In
the final part, the correlation between CBR soaked tests
results and CBR un-soaked test results are put forward

4.1 Physical and Mechanical Properties of Test Samples

The test results of physical and mechanical properties of the
samples can be divided into four categories based on the type
of soils as seen in Table 2 and Table 3.

Table 2: Physical and Mechanical Properties of CBR

unsoaked Test Samples
Sand (%) Clay (%6)| w (%) vd (kKN/m®) CBR (%)
100 0 7.5 16.24 12.710
70 30 10.70 20.50 34.005
60 40 11.75 20.09 14.433
55 45 12.60 19.75 14.738
50 50 12.80 19.65 13.927
45 55 12.85 19.18 13.509
40 60 14.00 19.12 13.411
30 70 14.75 18.68 13.786
0 0 14.85 1631 4739

Table 3: Physical and Mechanical Properties of CBR soaked

Test Samples

Sand (%) Clay (%)| w (%) yd (kN/m™) CBR (%)
100 0 9379 16.05 9.573
70 30 10.276 19.13 21.286
60 40 12.648 18.18 8910
55 45 13.726 18.25 4976
50 50 13.889 18.61 4979
45 55 14.223 18.16 3.862
40 60 15.510 17.98 3.507
30 70 19.153 17.05 1.625
0 0 24.805 15.71 2.795

For the soils which are considered as in-organic soils (Sand,
Clay, Sand-Clay mixture), in general, they have water
content, W, between 7.50-14.85%, dry umit weight, yd
between 16.24-20.50 kN./m’.in field (un-soaked) and have
water content between 9.379-24.805%, dry unit weight
between 15.71-19.13kN/m® (after soaked in laboratory).
Furthermore, It was recorded that the values of CBR
un-soaked tests on those soils are between 4.739-34.005%
and CBR soaked values between 2.795-21.286% (see Table 2
and Table 3). It is shown that the range of the physical and
mechanical properties the soils varies considerably.

As also can be seen in Table 2 and Table 3, for sand soil (sand
poorly graded, SP), its properties (water content, dry unit
weight, CBR value) are not different compared between
soaked and un-soaked condition showing that it has a
significant characteristic compared to the other samples. The
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soils with clay fraction 70% and sand fraction 30% of sample
CBR value is far above the maximum CBR value of all soils.
The values of its dry unit weight, CBR soaked, and CBR
un-soaked are far below the values of the other soils.

4.2 Regression Analysis of CBR, index properties and
unit weight density

Figure 2 to Figure 4 show the results of regression analyses
between clay fraction, index properties and unit weigh
density tests results as well as regression results between
CBR un-soaked and CBR soaked test results. The regression
analyses arc made for each clay fraction of soils which are 0%
clay, 0% sand, clay and sand and clay mixture.

It can be seen that regression using linier {unction suits the
relation between water content and clay fraction relatively
accurately whereas for the relation between Atterberg limits
and clay fraction, second order polynomial function shows
relatively accurate approximation. The two regression
analyses will be combined later using Pearson’s correlation
method to find the correlation between CBR test results and
Atterberg limit with unit weight density.
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Figure 2 Regression results for Spesific Gravity

Figure 3 shows that the value of liquid limit and plastic limit
of soils increased with increasing clay fraction in the soil.
Gradient increasing of liquid limit higher than plastic limit of
soil. So, plasticity index of soils increases in proportion to the
increase in soil clay fraction. Figure 3 also shows that
optimum moisture content, determined from compaction test,
same as with value of plastic limit at clay fraction between
30% and 70%. It means that for sand clay soils with for 30%
to 70% clay fraction, water content for CBR test can be
approximated by the value of the soil plastic limit.
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Figure 4: Regression Results for Clay

It can be seen from Figure 4 that for the clay fraction smaller
than 70%, swelling is relatively smaller. Therefore, potential
swelling for soil containing fine grain smaller than 70% is
relatively small.

Figure 4 shows that maximum density is on a combination of
30% clay and 70% sand. In other words, it is the best
composition to obtain the optimal value of CBR is in the
range of 30-70% clay fraction. Fraction of clay between 30%
and 70%, soil density is more than 90% of the value of
density of 30% clay and 70% sand.
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Figure 5: Regression Results for Sand-Clay Mixture

Figure 5 shows that the difference of the results of the CBR
un-soaked and the CBR soaked are increase for 0% to 30%
fraction of clay and then decreases again up to 45% fraction
of clay. For clay fraction more than 45% difference between
the CBR un-soaked and CBR soaked tend to a constant.

4.3 Correlation CBR Test Results

In the previous section, relations between Clay Fraction and
index properties as well as between clay fraction and soil
density have been obtained. In order to correlate the CBR
un-soaked test results to CBR soaked CBR value, Pearson’s
correlation method is applied to both obtained power and
polynomial functions for each type of soils.

On using soil index properties (liquid limit, index plasticity)
and the value of unit weight density (OMC, MDD) test as
variables, the following linear equation can be applied to find
simple correlation between CBR soaked and CBR un-soaked
on the basis of the same clay fraction value of (Nugroho,
2011)

AY = by + by Xy + by Xy + by Xy + boX, (1)
with
bg, by, B3, bg, by = constants

AY = value of CBR un-soaked — CBR soaked (%)
Xy = clay fraction (%)

X = value of liquid limit (%)

X3 = value of plasticity index (%)

Xs = value of optimum water content (%)

The values of the constants by, b;, ba, b;, by can be solved
using SPSS software which is based on the solution of the
following matrix
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9 Y Xy Y X, ¥ X3 XXy | (bo Y AY

TXy XXXy TXiXa EXiXs XX Xa||b: Y XY

XXz TXX, XXXy TXoX; TXpXy|{bap=|EXo¥

Zx3 ZXZXI 2X3X2 ZXSX:i ZX:;X:. b3 ZX3Y

TXe XX YN TXX: TLX XA\, ¥ XyY
()

It was found that value for by by. by, bs and by are —25.28,
0.168, -0.064, -2.356 and 3.562 respectively for all soils.
However, for the value of a3, there is no unique solution for
all soils

ACBR (34)

The correlation formula obtained from the correlation
analyses can be written as follow:

ACBR(;;=10.78+0.01C+0.01LL-4.411P+6.370MC-2.15MD
D (€

ACBR 3/=-25.75+0.34C-0.53LL-2.63IP+3.810MC (4)
ACBR 3=25.91+0.09LL-0.98IP+3.800MC  (5)

ACBR oj=-2.25+2.19LL-2.98IP-0.760MC (6)
ACBR¢=-25.28+0.17C-0.06LL-2.35TP+3.56)MC (7)

It is found that the value of by of -25, suits for equation (4),
(5) and (7), clay and sand-clay mixture (in-organic soils)

whereas for the solution of by is for minus 25 to minus 26.
The final correlation formula can be written as follow:

ACBR=-25+C,; C+C, LL+C; TP+3.5 OMC  (8)

Where C;, C; and C; is 0.34; -0.53 and -2.63 for sand, clay
and sand-clay mixture (in-organic soils). ACBR is the value
of CBR un-soaked-CBR soaked.
For soils containing clay between 30 and 70%, the value of
C; need to be further tested and the C; value is 2.35. The
formula can be rewritten below.

ACBR=-25+0.168 C-0.064 LL —2.356 IP +3.5 OMC (9)

4.4 Validation of the Correlation Formula
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For the validation of Equation (9), several prediction tests
have been performed. Figure 7a to figure 7b show the
comparison between predicted values of field CBR and
measured field CBR values for different soil types and soil
densities.
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It can be seen from Figure 6 to figure 7; the predicted ficld
CBR values give significant agreements with the measured
field CBR from the tests for soils that containing clay
between 30% and 70%. On the other hand, very poor
agreements were found for soils contam clay less than 30%
and more than 70%. Hence, the local correlation formula is
only valid for in-clayey sand or sandy clay.

5. CONCLUSIONS

This research has been performed to find local correlation
between CBR un-soaked test results and CBR soaked values.
A linear correlation has been put forward for the local
correlation between the two values. Verification of the
formula shows that the correlation can be used relatively
accurately for predicting the difference CBR values from the
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CBR with and without soaked test for in-organic soils (sand,
clay and sand-clay mixture). The formula needs to be
modified and further research need to be done for peat soils.
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