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ABSTRACT California Bearing Ratio (CBR) is widely used in the design of road to indicate the bearing
capacity of subgrade as well as each layer of flexible pavement system. However, the procedure for obtaining
the CBR value is often considered as complicated and time consuming, thus; some correlations were
developed by previous researchers between the CBR value and index properties such as fine content (w),
liquid limit (LL) and plasticity index (PI) of the soil, as well as between the CBR value and compaction
properties i.e., optimum moisture content (OMC) and maximum dray density (MDD). This study was
conducted to evaluate the applicability of the published correlation on the soil obtained in Palembang and the
surrounding areas. In this case, 30 sets of secondary data were collected and selected from past projects. In
addition, laboratory tests were conducted on five sets of samples for verification purpose. The laboratory tests
include wet sieve to obtain fine content, Atterberg limits to determine soil’s plasticity, and standard Proctor
test to obtain OMC and MDD. Analysis shows that with modifications, some published correlations could be
used to predict unsoaked and soaked CBR values for soils in Palembang. Furthermore, two correlations were
developed between the CBR values and compaction properties of the soil based on statistical analysis of the
collected data.

KEYWORDS CBR, fine content; plasticity index; optimum water content; maximum dry density.

1 INTRODUCTION

California Bearing Ratio (CBR) is widely used to represent the bearing capacity of subgrade and
sub-base soils for the design of flexible pavements. Therefore, the CBR value plays a significant role
in road and highway construction (Jayamali, et al., 2018). Several countries have developed or
adopted pavement design procedures based on the material's CBR value, including the current design
of flexible pavement according to the Pavement Design Manual of the Indonesia Ministry of Public
Works and Public Housing (2017).

The CBR values of subgrade can be obtained following ASTM D1883-07 or Indonesian standard
SNI 1744-2012. There are two types of CBR for compacted soil i.e., CBRunsoaked and CBRgoaked.
Obtaining the CBR value in the laboratory is quite complicated and time-consuming, especially the
CBRsoaked- CBR test is performed on soil samples compacted at optimum condition based on the
compaction properties of the soil. ASTM D1883-07 and SNI 1744-2012 stated that the CBRsoakea
was to be conducted after the compacted soil sample was soaked for 96 hours (4 days).

A number of correlations are found in literature representing the relationships between CBR values
and several soil parameters. Most of them relate the CBR with index properties obtained from sieve
analysis, Atterberg limits tests, and compaction properties (Katte, et al., 2019). For example, the
NCHRP (2001) and Maity et al. (2018) formulas relate the CBR value with fine contents or w
(defined as % passing No 200 sieve) and plasticity index (PI). However, Mak & Gofar (2007) showed
that for Malaysia soil, the index properties obtained from sieve analysis and Atterberg limit tests
have a minor effect on the CBR values, thus they suggested a correlation between CBRoakea With
optimum moisture content (OMC) and maximum dry density (MDD) from standard compaction
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tests. Other researchers found that there is a combined effect of index properties and compaction
properties (Agarwal & Ghanekar, 1970; Patel & Desai, 2010, Bassey et al, 2017;). Agarwal &
Ghanekar (1970) show that the CBR value was influenced by OMC and liquid limit (LL). Patel &
Desai (2010) proposed a number of correlations of CBR with OMC, MDD, and PI for soil in India.
Bassey et al. (2017) multiple linear regression analysis on three types of soil in Nigeria shows that
different parameters influence the CBR values of different types of soil. For Obiono soil, PI and
OMC are the more influential on CBR while OMC and MDD are the more influential on Onna soil,
and LL, PI, and OMC can be used to effectively predict the CBR of Oron soil. In Aceh, Indonesia
Marwan & Sundary (2012) proposed a correlation between CBR value with Index Plasticity only.
The summary of correlations considered in this study is presented in Table 1.

This paper presents the results of a study on the correlation between CBR values (unsoaked and
soaked) with index properties i.e., fine content, soil’s plasticity, and compaction properties of soil
samples obtained in Palembang and surrounding area. Published correlations were evaluated using
Data Analysis, and new correlations were proposed based on Multiple Linear Regression Analysis
in the Microsoft Excel application.

Table 1. Summary of published correlation between CBR values and soil parameters

No Researchers Correlation Comment
1 Agarwal & Ghanekar — cpp 5 1610 (OMC)+0.07 LL India
(1970)
CBR = 75/(1+0.728(w PI)
2 USA
NCHRP (2001) w and PI in fraction
CBRmaked =0MC (MDD/A)20
3 Mak & Gofar (2007) Malaysia
A=185-19.3
CBRunsoakea = 17.009 — 0.0696 PI + 6.296 MDD +
0.0648 OMC
4 Patel & Desai (2010) India

CBRmaked =47.907 - 0.093 Pl —

18.78 MDD — 0.3081 OMC

Marwan & Sundary CBRunsoakea = -0.990 PI + 28.79

5 Aceh, Indonesia
(2012) CBRyated = -0.673 PI + 15.88

CBR = -1.656-0.239PI+0.8980MC Ibiono soil

6 Bassey et al. (2017) CBR = -257.843+2.8670MC+128.186 MDD Onna soil
CBR =-90.169-0.415LL-0.815 PL-0.5810MC Oron soil
CBRoaked =— 0,001 (W P]) +7.116

7 Maity et al. (2018) India
wand Pl in %

2 METHODS

The objective of this study is to develop empirical correlations between the CBRunsoaked and CBRoaked
with index and compaction properties of soil samples obtained in Palembang and the surrounding
areas. Parameters considered as independent variables are fine contents obtained from wet sieve
analysis (passing No 200 sieve size) denoted as w; soil’s plasticity obtained from Atterberg limit
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tests i.e., liquid limit (LL), plasticity limit (PL), and plasticity index (P/ = LL — PL); as well as
compaction properties i.e., optimum moisture content (OMC) and maximum dry density (MDD).

Two types of data were used in this study i.e., secondary data and primary data. The secondary data
was collected from past projects in Palembang and the surrounding area (Figure 1). The secondary
data was selected carefully by identifying the soil classification and the procedure adopted to obtain
each property. Thirty sets of secondary data were used in this study. The primary data was obtained
by conducting laboratory tests on five samples scattered within the area shown in Figure 1 for
verification purposes.

weTae

Figure 1. Location of study area and soil sampling.

The validity of the data was ensured by the equal standard procedures used to obtain the data as
shown in Table 2. The quality of the data was also evaluated by conducting statistical analysis of
each data (w, LL, PI, OMC, and MDD as well as CBRunsoaked and CBRsoaked. The data was then plotted
together with the CBR predicted by the relevant published correlations and compared.

Table 2. Summary of published correlation between CBR values and soil parameters

No Parameter Test ASTM

1.  Fine content Sieve analysis ASTM D422-63

2. LL,PL&PI Atterberg Limits ASTM D4316-00

3. Soil Classification ASTM D2487-00

4, OMC & MDD Standard Proctor ASTM D698-12E1

5. CBR unsoaked & CBR Laboratory ASTM D1883-07
CBR soaked
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3 RESULTS

3.1 Data Analysis

Table 3 presents the primary and secondary data used in this study. Data No 1 — 30 is secondary data
while No 31 — 35 are primary data identified as P1 — P5. The primary data are the results of the
laboratory test performed on soil samples collected from 5 locations as shown in Figure 1.
Comparison of secondary data with primary data showed that the data used in this study is of
sufficient quality; therefore, they can be used together in examining the relationship between CBR
values, index properties and soil compaction properties.

Table 3. Data used in this study.

Pass

No. Code Sieve LL PL PI OMC MDD  CBRunsoaked CBRsoaked

No 200 (%) (%) (%) (%) t/m3 (%) (%)
(%)

1 Air Batu 43.94 33.22 1333 19.89 15.70 1.80 13.21 6.65
2 BRNA 1 58.47 59.21 31.62 27.59 25.47 1.55 11.58 6.05
3 SK.02 59.70 54.02 2450 29.53 30.12 1.43 9.67 4.75
4 BR. 27 60.84 49.74 3253  17.20 26.30 1.47 11.58 6.05
5 CF 01 43.94 3582 1433 21.49 35.67 1.52 11.54 6.58
6 SK.03 53.92 58.16 3235 25.81 25.47 1.55 11.24 6.18
7 BR 05 57.80 5433  31.59 22.74 24.25 1.54 11.15 6.12
8 BR 06 76.85 53.45 21.53 31.92 36.00 1.32 8.22 4.45
9  BRKM4 (1) 63.26 55.68 30.47 25.21 27.17 1.49 11.07 6.03
10 BRKM4(2) 81.42 59.50 27.14 32.36 31.21 1.41 8.72 3.68
11 GL KM 2 53.05 50.84 30.66 20.18 23.28 1.59 12.20 6.24
12 BR SM 3 69.51 61.53 28.71 32.82 31.11 1.39 10.12 4.65
13 TR 02 66.49 3446 1419 20.27 18.73 1.71 14.03 6.30
14 TR 03 60.26 51.77 31.83 19.94 25.00 1.56 10.10 6.25
15 BR 32 72.74 55.18 30.81 24.37 26.50 1.47 10.40 6.02
16 TB 1 60.69 64.92 4191 23.01 29.00 1.38 9.25 4.26
17 KT.1 89.68 3821 19.16  19.05 27.00 1.41 6.29 4.11
18 KT.2 52.93 3896 17.27  21.69 24.50 1.51 10.09 4.61
19 SW.1 56.76 2926 14.91 14.35 22.00 1.56 11.07 6.04
20 SW.2 63.91 54.15 32,55 21.60 21.00 1.55 12.49 5.58
21 CMS 80.52 3790 19.15 18.75 22.00 1.57 6.55 3.15
22 KCM 1 50.41 60.62 37.62 23.00 25.00 1.51 12.26 6.11
23 KCM 2 57.36 50.55 31.19 19.36 27.00 1.41 12.25 6.05
24 KCM 3 69.18 61.40 3517 26.23 28.80 1.39 11.75 6.03
25 KM 1 78.83 46.68 27.58 19.10 28.00 1.43 7.18 4.52
26 PG 1 75.00 59.46  29.24  30.22 28.50 1.45 7.30 4.90
27 PG 2 75.00 55.36  26.15 29.21 25.30 1.49 7.98 4.89
28 BR 23 56.57 53.30 3148 21.82 26.00 1.48 12.56 6.14
29 BR 24 58.84 53.10 31.42 21.68 26.00 1.51 13.15 6.17
30 BR 26 63.40 57.50 33.11 24.39 25.30 1.49 11.78 6.05
31 P1 95.68 49.90 30.6 19.3 32.58 1.39 13.82 6.10
32 P2 84.31 49.73 28.14 21.60 27.89 1.47 10.67 3.18
33 P3 46.67 48.60 30.47 18.13 2843 1.52 9.46 4.75
34 P4 59.64 36.07 19.15 1693 25.25 1.55 13.85 7.34
35 P5 59.90 36.60 18.79 17.81 23.75 1.54 11.67 6.08
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Evaluation of test data implied that the soil is classified as clay with high and low plasticity (CH and
CL according to USCS classification) with a range of LL between 35 and 65%, while PI between 15
and 40%. The percentage of particles passing No 200 sieve is > 40%. Figure 2 shows the positions
of the soil classification based on the USCS plasticity chart (ASTM D2487-00).
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Figure 2. Soil classification based on the USCS plasticity chart.

The statistical analysis of the data used in this study is presented in Table 4. It can be seen from the
Table, that the coefficient of variation of all data is below 20%. Statistically, the data is considered
uniform if the coefficient of variation is less than 5%. However, for soil properties, the coefficient
of variation of 20% is considered good (Kulhawy. 1992). Thus, it can be concluded that the data
used in this study is uniform and of good quality.

Table 4. Statistical analysis of the data used in this study

Variable Mean Standard Coefficient of
Deviation variation (%)
Fine content (w) % 64.50 12.58 19.5
LL % 50.25 9.06 18.0
PI% 23.10 4.50 19.5
OMC % 26.43 4.13 15.6
MDD (t/m?) 1.50 0.09 6.2
CBRunsoaked %o 10.75 2.07 19.3
CBRjoaked %o 5.54 1.14 20.6
CBR
——__soaked 0.52 0.07 14.4
CBRuncnaked

Statistical analysis was performed on the correlation between CBR values and each parameter to
look at the effect of the parameter on CBR. Evaluation of the relationship between each data to the
value of the CBRunsoaked and CBRsoarea tesults in the trend and the coefficient of determination (R’) as
shown in Table 5. From this Table, we can conclude that the CBRusoakea could be related with w, w
1P, and MDD while the CBRourea could only be related to the MDD.
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Table 5. Statistical analysis of the data used in this study

No Relationship Coefficient of Trend
determination R’
1 CBRunsoaked w 0.44 Negative
2 CBRunsoaked LL 0.01 Constant
3 CBRunsoaked w IP 0.32 Negative
4 CBRunsoaked 1P 0.11 Negative
5 CBRunsoaked oMC 0.09 Negative
6 CBRunsoaked MDD 0.26 Positive
7 CBRsoated IP 0.09 Negative
8 CBRsoaked oMC 0.01 Constant
9 CBRsoaked MDD 0.40 Positive

3.2 Evaluation of Published Correlation

The effect of each parameter on CBR was then compared with that derived from published
correlations. Figure 3 shows the effect of the product of fine content and plasticity index (w PI) on
CBRunsoaked according to the data and NCHRP (2001) formula. It can be seen from Figure 3 that (w
PI) has a negative effect on the CBRunsoakea Value; however, the effect on the local soil is less
significant as compared to that predicted by the NCHRP formula. Thus. modification to the NCHRP
formula is suggested in this study for soil in Palembang. The proposed correlation is as follows:

CBRunsoaked = 152/(1+0.0003(w PI) (1)

in which the w and PI are in fractions.
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Figure 3. Effect of w PI on CBRunsoaked using Modified NCHRP equation

Similarly, Figure 4 shows that the (w PI) has negative effect on CBRsoaked according to the data and
Maity et al. (2018) formula. The trend is almost similar with the Maity’s formula even though the
data is quite scattered with a coefficient of determination (R2) of 0.21. Thus. Maity’s formula could
be used to predict the CBRyoaked 0f s0il in Palembang. The proposed correlation is given in Equation
2.

CBRoaked =— 10 (w PI) + 7.116 2)
in which the w and PI are in fraction

184



Vol 2, Issue 3, December, 2023 Indonesian Geotechnical Journal

10
[ J

8
—_ ( J
&\CL | 1] _.
S 6 Q o o
E ° ? g
8 4 ® ( ) U =
% [ J
3 ]

2

® Data |M Maity et al. (2018)
0
0 0,05 0,1 0,15 0,2 0,25 0,3

w Pl
Figure 4. Effect of w PI on CBRsoaked using Maity et al. equation

Previous studies (e.g., Lakshmi et al., 2016) suggest that both CBRynsoaked and CBRsoaked increase with
increasing MDD and decrease with increasing OMC. This agrees with the trend show in Table 5.
Among the correlations evaluated in this study, only Agarwal & Ghanekar’s equation gives the same
trend as the data, thus the equation is plotted in Figure 5. By removing the LL term, the modified
Agarwal & Ghanekar’s equation is more applicable to the soil in Palembang (Eq. 3).

CBRunsoaked = 2 — 16 LOg (OMC) (3)
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Figure 5. Effect of OMC on CBRunsoaked using Modified Agarwal & Ghanekar equation

Evaluation of Patel & Desai (2010). Mak & Gofar (2007) and Marwan & Sundary (2012) equations
showed that the formulas are not applicable for soil in Palembang for different reasons. Patel & Desai
equations show the opposite trend of CBR value with respect to MDD and OMC from laboratory
compaction tests. Mak& Gofar equations show an exponential correlation while a linear relationship
is the more representative of the data used in this study. Marwan & Sundary equations are not suitable
because they give a negative value of CBR for a high plasticity index.
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3.3 Proposed Correlation

Multivariate statistical analyses were performed on the relationship between the CBR values with
MDD. The correlations are given in equations (4) and (5) and plotted in Figure 6. For these equations,
the OMC is in % and the MDD is in t/m’.

CBRunsoaked:'10095+00770MC+12570 MDD (4)
CBRsoaked = -10.531+0.0670MC+9.555 MDD %)
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Figure 6. Effect of MDD on CBRunsoaked and CBRsoaked.

4 DISCUSSION

As shown in Table 3, the combination of secondary and primary data used in this study is quite
uniform with a coefficient of variation (CoV) of less than 20% for all variables. This CoV is
considered good for Geotechnical data. Evaluation of the relationship between each data to the value
of the CBRunsoaked and CBRourea Shows a moderate coefficient of determination with the fine content
w, product of fine content, and plasticity index w P/ and maximum dry density MDD. Thus, equations
can be derived between the CBR value with these parameters.

Of the 8 (eight) empirical formulas analyzed in this study. the modified NCHRP equation (Eq. 1)
and Agarwal & Ganekar’s equation (Eq. 2) can be used to estimate the CBRunsoakea Of soil in
Palembang. while Maity et al.’s equation (Eq. 3) can be used directly to estimate CBRyoakea. These
correlations show the effect of the product of w P/ on the CBR values.

New correlations (Eq. 4 and Eq. 5) are proposed based on multivariate statistical analysis for the
correlation of CBR nsoaked and CBRakea Values based on compaction properties.

5 CONCLUSION

This study aimed to evaluate the applicability of published correlations and to develop new
correlations of CBR with index and compaction properties for soil found in Palembang and the
surrounding areas. For this study, 30 sets of secondary data and five sets of primary data were used.
The soils are classified as clay with low to high plasticity (CL and CH according to USCS).
Published correlations were evaluated and three of them can be used for the soil in Palembang with
some modifications. In addition. two correlations were developed based on Multiple Linear
Regression analysis between the CBR and compaction properties. The proposed correlations
(Equations 1 — 5) are valid for the soil used in this research. Care must be taken to apply the
correlation for soils from different locations.
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