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ABSTRACT
This paper addresses the correlation between the liquid and/or plastic limits with the compaction
characteristics, maximum dry density, and optimum moisture content (OMC), for fine-grained soils.
In the previous studies, several attempts have been made to identify these two important parameters
from other simple soil properties such as index soil properties. Some concluded that liquid limit shows
a good correlation with compaction characteristics, while others observed that plastic limit does.
In this work, many soil samples have been taken from various locations around Koya city and the
required tests have been carried out. The results have been illustrated to identify whether soil index
properties can correlate with the compaction characteristics. It is concluded that neither plastic limit
nor liquid limit can provide an adequate correlation with maximum dry density and OMC. Contrary to
the literature, liquid limit provides better correlations.
Keywords: Liquid limit; Maximum dry density; Optimum water content; Plastic limit

INTRODUCTION
Soil compaction is an essential process to increase the
stability of soil. This can be performed using mechanical
force to pack soil particle closer. Soil compaction can
increase the density of soil as the voids between the
particles decrease. It can, therefore, improve the soil
properties. This will result in the increment of shear
strength and modification of volume change characteristics.
It will also reduce the settlement and hydraulic conductivity
of the soil. In field, this process is usually carried out
using heavy mechanical machines. In the construction of
many earth structures, such as embankment, it is crucial to
evaluate the suitability of the soil with regard to compaction
characteristics. The compaction characteristics of a soil
obtained from laboratory testing are the maximum dry
density (γd max) and optimum moisture content (OMC). To
do this, either Standard Proctor Test or Modified Proctor
Test can be used. The laboratory data of compaction
characteristics are used to quantify the compaction of
natural site materials at a satisfactory level (Budhu, 2015
and Powrie, 2014).
Although the determination of compaction parameters
from a laboratory compaction test is simple, it is time
consuming as large quantities of soil are required for testing
in many projects such as embankments and roads. It might
be difficult to obtain the required type of soil in one area
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and it is desired to be tested so that the suitability of the soil
for the required purpose can be assessed. Of course, the
delay in testing results can adversely impact project timing
and the search for source of suitable material. Hence, it
can be advantageous to use the correlation between the
compaction parameters and simple soil index properties
for the preliminary assessment of the suitability of a soil
for a particular project (Pillai and Vinod, 2015).
Several attempts have been made to determine a
relationship between compaction characteristics and
plasticity of soil (McRae, 1958; Daniel and Benson, 1990;
Daniel and Wu, 1993; Benson and Trast, 1995; Blotz et al.,
1998; Gurtug and Sridharan, 2004; Sridharan and Nagaraj,
2005). Figure 1 shows the plot between OMC and liquid
limit (wL). From this figure, it can be observed that with
the increase of wL, OMC increases. However, remarkable
scatter of data can be seen, especially at higher values of
liquid limit.
Similarly, Figure 2 demonstrates a plot of maximum dry
density against the liquid limit, which shows the decrement
of γd max with the increase in the wL, but again with a
considerable scatter.
Figure 3 illustrates the relationship between OMC and
plastic limit (wP). It can also be noted that there is an
increasing in trend of OMC with the increment of wP.
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Figure 1: The relationship between optimum moisture content
and liquid limit for studies from literature

Figure 3: The relationship between optimum moisture content
and plastic limit for studies from literature

		

OMC = 0.92 Wp

(1)

γd max = 0.23 (93.3 − Wp)

(2)

They also expressed the best-fitted curve for the
relationship between wL – OMC and wL – γd max as follows:
		

OMC = 0.37 (WL + 12.46)

(3)

		

γd max = 0.09 (218 – WL)

(4)

Figures 4 and 5 show the plot between WP and OMC and
γd max , respectively. In spite of the fact that scatter can also
be observed, WP is likely to show a good correlation with
the compaction characteristics in the study.

Figure 2: The relationship between maximum dry unit weight and
liquid limit for studies from literature

Smaller scatter of data can be observed compared to in
Figure 1.
However, Sridharan and Nagaraj (2005) expanded the
studied by Pandian et al. (1997), from which a method to
predict the compaction characteristics in terms of the liquid
limit was suggested. They concluded that the compaction
characteristics of the soil do not correlate well with both
wL and plasticity index; meanwhile, wP shows a good
correlation with both OMC and γd max. Based on the data
from the other literature and their study, Sridharan and
Nagaraj (2005) derived the following expressions:

Nerea (2012) also quoted that the compaction characteristics
can correlate well with plastic limit in comparison with
liquid limit and plasticity index for a specific type of soil. He
stated that plastic limit alone can be used to determine the
compaction characteristics. Further, Tsegaye et al. (2017)
claimed that there is a relatively good correlation between
OMC and wP, and similarly, a good correlation is observed
between γd max and wL, and wP and plasticity index together.
However, Horpibulsuk et al. (2008) and Pillai and Vinod
(2015) concluded that the prediction of compaction
characteristics of fine-grained soil cannot be accurate by
including only one index properties (wL or wP). Prasanna
et al. (2017) included both wL and wP to derive a good
correlation so that an appropriate correlation can be obtained.
Therefore, in this paper, samples from different locations
have been tested to investigate whether such soil index
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collected samples were then brought to the Geotechnical
Laboratory of College of Engineering at Koya University.
About 50 kg disturbed samples were collected from each pit
at a depth ranging from 0.50 m to 1.00 m and transported
to the laboratory.
Later on, sieve analyses were carried out to determine the
grain size of the collected samples. To obtain accurate grain
size for the samples, wet sieving analysis (ASTM D2217)
was conducted.
The liquid limit, plastic limit, and plasticity index for each
soil sample were determined according to ASTM D4318
(Standard Test Method for liquid limit, plastic limit, and
plasticity index of soils). For liquid limit test, Casagrande
apparatus method was used and three different trials were
taken for each sample. For plastic limit test, convention
plastic limit test was used and three different trials were
also taken for each sample.
Figure 4: The relationship between optimum moisture content
and plastic limit for studies from literature

Finally, each sample was sieved over a 4.75 mm sieve
for testing and compacted in a 101.6 mm diameter mold
using Standard Proctor Test procedure (ASTM D698-07).
For each sample, three different trials were taken and
immediately tested for water content according to
ASTM D-2166. The obtained water content was used
to produce a compaction curve, and the maximum dry
density and OMC were computed for each sample using
spreadsheet.
According to the sieve analysis and plasticity results, the
samples were classified and majority was fine-grained soil
as it is indicated in Table 1 even though the samples were
taken from different locations around Koya city.

RESULTS AND DISCUSSION

Figure 5: The relationship between maximum dry unit weight and
plastic limit for studies from literature

properties as plastic limit and liquid limit can show good
correlations between the compaction characteristics of
the fine-grained soils, of which the index properties can
provide a better correlation in comparison with another.

METHODOLOGY
To meet the aims of this work, 27 different samples were
taken from different locations around Koya city. The

In the above section, the data from other researches were
collected and the relationships between the compaction
characteristics and soil plasticity were also demonstrated.
In this section, the new obtained data have been used
to compare with the data shown in the literature. In this
regard, it can be shown that to what extent the acquired
data will match with the literature data, of which the
index properties may indicate a good relationship with the
compaction characteristics.
Figure 6 depicts a plot between OMC and plastic limit
(wP). The data from the literature and current data
together can provide a significant scatter, from which
an appropriate relationship might not be obtained. For
instance, for a wP of 30%, many different values of OMC
can be predicted. Conversely, several different values of
wP may be available for an OMC of around 20%. In this
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Optimum moisture content OMC %

Table 1: Index properties, compaction characteristics, and grain size distribution of the samples
Sample
wP%
wL%
PI%
Max. dry density (kg/cm3)
OMC %
F 10%
F 40%
1
24
29.1
5.1
1860
16
52.17
15.1
2
32.78
41.2
8.42
1730
22
53.5
12.5
3
18.16
27.72
9.56
1772
13.5
39.7
14.5
4
26.423
31
4.577
1800
18
53.4
18.35
5
15
25.5
10.5
1850
15.5
53.88
20.79
6
25.266
35.75
10.484
1750
17
51.66
17.95
7
30.297
38.41
8.113
1738
22.5
33.58
9.42
8
24.795
30
5.205
1840
17
54
20.9
9
27.448
37.59
10.142
1723
21
86.8
82.4
10
24.26
34.91
10.65
1920
15
96.99
96.95
11
36.45
48.81
12.36
1716.9
19
99.73
99.62
12
20.17
33
12.83
1833
19
93.35
90.86
13
31.433
36.1
4.667
1861
17.3
99.89
93.1
14
27.58
35.52
7.94
1861.2
11
99
98.92
15
24.8
27.9
3.1
1822
15.5
94.9
90.92
16
32.6
45.4
12.8
1776
16.5
92.64
77.98
17
26.65
37.3
10.65
1762.5
17.5
98.9
96.8
18
29.27
41.6
12.33
1731
22.5
98.56
97.94
19
29.2
32
2.8
1950
10
96.45
94.83
20
20.7
25.3
4.6
2161
13
79.58
75.51
21
29.6
40
10.4
1723
18.5
98.64
97.43
22
20.82
26.3
5.48
1669.2
11
97.92
96.93
23
22.21
26.5
4.29
2040
15
99.74
99.57
24
22.3
28.2
5.9
2056
11
73.14
70.34
25
12.84
42
29.16
1645
25
93.33
91.59
26
22.61
33.15
10.54
1789
16.5
84.7
81.54
27
26.22
40.1
13.88
1778
20
96.92
95.4

50

F 200%
6
4.1
3.39
1.36
0.16
7.1
0.69
4
74.9
96.3
97.3
88.5
81.3
93.1
86.7
32.9
90.4
95.8
58.6
65.4
93.6
77.3
97.5
67.6
88
69
93.2

Present Data

45

Mc Rae (1958)

40
35

Daniel & Benson (1990)

30

Benson & Trast (1995)

25

Boltz et al (1998)

20

Gurtug & Sridharan (2004)

15

Sridharan & Nagaraj (2005)

R2 = 0.483

10

OMC = 0.56wP + 5.87

5
0
0

Soil classification
Well graded sand
Silty or clayey sand
Silty or clayey sand
Well graded sand
Well graded sand
Silty or clayey sand
Silty or clayey sand
Silty or clayey sand
Silty soil
Clayey soil
Clayey soil
Clayey soil
Silty soil
Silty soil
Silty soil
Silty or clayey sand
Silty soil
Clayey soil
Silty soil
Silty soil
Silty soil
Silty soil
Silty soil
Silty soil
Clayey soil
Silty soil
Clayey soil

10

20
30
40
Plastic limit wP %

50

60

Figure 6: Present data and data from the literature for optimum moisture content and plastic limit

point of view, it can be observed that between OMC and
wP a good correlation may not be suggested. Further, the
best-fitted relationship for these data can be expressed
as follows:
		

OMC=0.56wP + 5.87

(5)

However, both literature and present data have significantly
deviated from the fitted curve, especially in high plasticity
value.

Figure 7 illustrates a plot of OMC against wL, from which
some scatter can generally be observed. However, the new
obtained data matched relatively good with the data from
the literature compared with the relationship of OMC with
wP. From the combination with both data, it can be seen
that the trend of the data maintained as OMC increases
with the increment of wL. It should also be noted that for
wL less than 60%, a good relationship between OMC and
wL is relatively available but it would not be satisfactory to
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predict OMC from wL. As it is depicted in the figure, the
new relationship can be obtained as follows:
		

OMC = 0.31wL + 5

(6)

Figure 8 demonstrates a plot of γd max and wL. Similar to
Figure 7, γd max can relatively correlate with the wL for
those soil having smaller wL than 60%. It might not also
be sufficient to obtain the prediction of maximum dry unit
weight as considerable scatter is available. Nevertheless,
with reference to both the present and literature data, new
relationship can be predicted and it is expressed as follows:
		

γdmax = 21.5 – 0.1wL

(7)

The correlations proposed by Sridharan and Nagaraj (2005),
illustrating that wP is far better than wL in predicting the

compaction characteristics, have been plotted with the new
data. Referring to Figure 9, it can obviously be noted that
the proposed relationship between OMC and wP does not
match well with the new data and it relatively overestimates
OMC values. Similarly, the suggested correlation between
γd max and wP provides some degree discrepancy and the vast
majority of new data cannot be located on the proposed
line by Sridharan and Nagaraj (2005), as demonstrated in
Figure 10. Conversely, this correlation underestimates γd max
values. As a result, these correlations cannot be justified
for predicting the compaction characteristics.
Furthermore, the correlations established between the
compaction characteristics and wL by Sridharan and
Nagaraj have also been examined in Figure 11 and 12
to validate these correlations. Figure 11 shows a plot of

Optimum moisture content OMC %

50

Present Data

45

Mc Rae (1958)

40
35

Daniel & Benson (1990)

30

Benson & Trast (1995)

25

Boltz et al (1998)

20

Gurtug & Sridharan (2004)

15

Sridharan & Nagaraj (2005)

R2 = 0.56

10

OMC = 0.31wL + 5

5
0
0

20

40
60
80
Liquid limit wL %

100

120

Figure 7: Present data and data from the literature for optimum moisture content and liquid limit

Maximum dry unit weight (kn/m3)

24

Present Data

22

Mc Rae (1958)
Daniel & Benson (1990)

20

Benson & Trast (1995)

18

Boltz et al (1998)

16

R2 = 0.58

Gurtug & Sridharan (2004)

14

Sridharan & Nagaraj (2005)

12

Max. Dry density = - 0.1 wL
+21.5

10
10

30

50

70

90

Liquid limit wL %

Figure 8: Present data and data from the literature for maximum dry unit weight and liquid limit
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30

OMC=0.92wP
Present Data

20
R2 = 0.0133

Optimum moisture content, OMC %

Optimum moisture content, OMC %

60

10

20
OMC = 0.37*(wL + 12.46)

15

Present Data
R2 = 0.486
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5
0

0
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Liquid Limit, wL %

0

0

10

20
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40
50
Plastic limit, wP %
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Figure 11: Present data and the proposed correlation for optimum
moisture content and liquid limit

Figure 9: Present data and the proposed correlation for optimum
moisture and plastic limit

22
20

Present Data

18

Max.Dry Unit weight
=0.23(93.3-wP)

16
14

R2 = 0.03

12
10
10

24
Maximum dry unit weight, kN/m3

Maximum dry unit weight, kN/m3

25

22
20

30

40

50

60

Present Data

16
14
R2 = 0.366

12
10

20

Maximum dry unit weight
=0.09(218-wL)

18

10

30

Figure 10: Present data and the proposed correlation for maximum
dry unit weight and plastic limit

OMC against wL. It seems that the wL has relatively a
good relationship with OMC compared to wP but not at
the satisfactory level.
However, there is a poor relationship between γd max and
wL. Similar to γd max and wP correlation, significant scatter
can be observed between γd max and wL correlation and the
present data. The suggested correlation also underestimates
the γd max from the present data, as shown in Figure 12.

CONCLUSION
Based on the data from the literature and present data,
it can be concluded that soil index properties cannot be
used to provide an accurate estimate to the compaction
characteristics. Although it is thought that plastic limit is
close to OMC, liquid limit is likely to correlate well but not
at the satisfactory level.
The previously established correlations between soil index
properties and compaction characteristics assert that

70

90

110

130

Liquid Limit, wL %

70

Plastic limit, wP%

50

Figure 12: Present data and the proposed correlation for maximum
dry unit weight and liquid limit

plastic limit provides better relationship than liquid limit
and plastic limit is justified to estimate both OMC and
γd max. However, this research disagrees with these findings.
The proposed OMC and wL and γd max and wL correlation
matches better with new obtained data but with some
notable scatter.
Furthermore, even though new correlations between
compaction characteristics and soil index properties are
obtained by combining both the literature and present study
data, they are still not sufficient to provide compaction
characteristics from soil index properties.
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