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Abstract. Compaction is the process by which mechanical energy is used to bring 

the densification and stabilization of the soil matrix giving the soil enough 

strength. The compaction characteristics can be obtained by performing Proctor 

Tests with varying compactive efforts. The fruitful compaction of soil is impera-

tive towards the stability and function of structures. It is observed through differ-

ent literature works that the existing relationships between compaction charac-

teristics and physical properties of fine-grained soil, like plastic limit, have not 

been palatable as the plastic limit obtained from the conventional thread rolling 

method is prone to human error. So, an endeavor has been made to develop rela-

tions relating optimum moisture content and maximum dry unit weight with plas-

tic limit, determined by cone penetration method, which eliminates its inclination 

towards human error. It has been shown in previous works that the 3.92 N-30° 

cone can be used to determine the plastic limit of soil.  These relationships with 

the plastic limit have been found to relate very well with the optimum moisture 

content and maximum dry unit weight. Moreover, an effort has been made in this 

work to develop correlations between maximum dry unit weight and optimum 

moisture content with different compaction energy and other physical properties 

such as plastic limit, plasticity index, and degree of saturation at the maximum 

dry unit weight. 

Keywords: Fine-grained soils, Compaction, Plastic limit, Correlations, Com-

paction energy 

1 Introduction 

Compaction of the soil gives the soil enough strength by filling up its voids and attain-

ing a much denser state. The water content - dry density relationship of fine-grained 

soils obtained from the laboratory tests forms the basis for specification and control of 

field compaction. In large projects like road constructions, wide variation in compacted 

unit weight may result, under the same compactive effort, mainly due to the large var-

iation in the type of borrowed material used for filling. Hence it is very difficult to 

obtain reliable information on compaction characteristics from limited test results. At 

the same time, the Standard Proctor Test is time-consuming, costly, and laborious. 
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Hence more thrust is given to determining Optimum Moisture Content (OMC) and 

Maximum Dry Unit Weight (MDUW) through correlations with the index properties 

of soils. 

Jumikis (1946) first related compaction characteristics with the index properties of 

soils. Various research workers after Jumikies attempted to correlate compaction char-

acteristics with liquid limit, plastic limit, and other index properties of soils. It is re-

ported in the literature that the optimum moisture content has a considerably good cor-

relation with the plastic limit in comparison with the liquid limit (Leroueil et al., 1992; 

Howell et al., 1997). Few researchers have attempted to compare compaction charac-

teristics with plastic limit (Gurtug and Sridharan, 2002; Sridharan and Nagaraj, 2005). 

Sivrikaya et al. (2008), Prasanna H.S. (2017), and Di Matteo et al. (2009) attempted to 

develop a multi-linear regression model correlating the compaction characteristics with 

various soil properties. 

Furthermore, it has been observed in the literature that many of the existing relation-

ships between compaction characteristics and physical properties of fine-grained soil, 

such as the plastic limit, have not been satisfactory because the plastic limit, which is 

obtained from the conventional thread rolling method, is prone to human error. The 

Casagrande thread rolling method of determining the plastic limit of soils, according to 

Ballard and Weeks (1963), is prone to human error. This could be one of the reasons 

why the correlation of compaction characteristics with plastic limit is not always a good 

one. In this paper, an attempt is made to correlate the plastic limit determined by the 

cone penetration method (Sharma and Bora (2003) and Sharma and Bora (2004) with 

the compaction characteristics of soils. It is also attempted to relate maximum dry unit 

weight and optimum moisture content with different compaction energy and other 

physical properties such as plastic limit, plasticity index, and degree of saturation at the 

maximum dry unit weight. 

2 Results and discussion 

This study employs 35 natural soils from various locations in Assam, with liquid limits 

ranging from 27.8 percent to 72.25 percent and plastic limits ranging from 14.50 per-

cent to 36.08 percent. Twelve sample data were generated in the laboratory for this 

work from the thirty-five samples; fifteen were taken from Sharma, B (2000), and eight 

from Sharma and Deka (2019). According to I.S. Code Standards, the soils were char-

acterized by their physical properties and compaction characteristics. The degree of 

saturation (Sr) at the point of maximum dry unit weight and optimum moisture content 

were also determined. Table 1 summarizes the findings. The standard proctor effort was 

used to perform the compaction test on the thirty-five soils (IS-2720 Part-7-1980). The 

compaction test was also performed for the samples of Sharma and Deka (2019) for the 

reduced standard proctor effort, modified standard proctor effort, and reduced modified 

standard proctor effort. Data on soil compaction characteristics were obtained from 

Jyothirmayi et al. (2015), Gurtug & Sridharan (2004), Lim et al. (2014), Nagaraj et al. 

(2015), and Sridharan & Nagaraj (2005). The physical and compaction properties of 

the soil with varying compaction energy were also collected from Prasanna H.S.'s work, 
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which included the Standard Proctor Test, Modified Proctor Test, Reduced Standard 

Proctor Test, and Reduced Modified Proctor Test (2017). 

Table 1. Physical and compaction characteristics of soils. 

    Sl 

No. 
     Source 

    Liquid 

Limit 

(%) 

    Plastic 

Limit 

(%) 

   Specific 

Gravity 

   Maximum 

Dry Unit 

Weight 

(kN/m3) 

    Optimum 

Moisture 

Content 

(%) 

   Degree Of 

Saturation 

at Maxi-

mum Dry 

Density (Sr) 

1 

 

 

 

 

 

Sharma. B 

(2000) 

33.80 16.00 2.68 17.7 16 83.40 

2 39.00 18.50 2.69 16.8 16 71.59 

3 38.00 14.50 2.59 18.3 15.2 94.79 

4 55.60 21.74 2.635 17 18.2 87.19 

5 38.50 17.00 2.63 17.7 16 86.31 

6 68.00 19.60 2.69 16.7 16.2 71.35 

7 61.00 22.50 2.685 16.4 21.2 89.33 

8 47.00 20.60 2.64 17.2 18.6 91.04 

9 69.00 24.00 2.72 16.4 21.5 88.80 

10 49.60 18.28 2.67 17.3 17 83.08 

11 55.20 20.38 2.71 17.2 17.4 81.98 

12 50.10 23.14 2.63 16.3 19.8 84.88 

13 54.80 22.93 2.72 16.3 20 80.73 

14 52.40 17.58 2.6 17.6 16.7 90.98 

15 51.20 24.10 2.69 16.2 21 85.53 

16 

Generated  

data 

68.18 34.43 2.65 14.6 30 96.46 

17 63.58 36.08 2.69 14.5 31 70.97 

18 38.74 24.32 2.65 16 21 91.50 

19 32.43 17.08 2.61 17.9 13 70.50 

20 48.85 27.20 2.62 15.8 22 88.70 

21 58.5 18.91 2.63 16.10 16.87 74.98 

22 27.8 22.2 2.6 16.96 19.62 84.87 

23 34.64 27.5 2.64 14.18 25.15 76.92 

24 45.43 19.6 2.78 17.57 17.53 86.75 

25 33.02 19.62 2.79 16.19 18.00 80.91 

26 37.71 26.58 2.81 15.73 23.96 88.47 

27 58.05 17.04 2.72 17.02 14.84 77.30 

28 

 

Sharma and 

Deka 

(2019) 

36.51 26.25 2.83 14.35 29.95 91.94 

29 45.56 19.13 2.63 16.12 18.64 79.01 

30 30.18 23.27 2.8 15.95 22.22 85.96 

31 57.40 16.36 2.65 17.23 15.45 82.32 

32 72.25 18.84 2.75 16.97 17.46 82.16 

33 78.62 20.12 2.77 16.51 18.61 82.20 

34 39.53 17.68 2.73 16.66 17.59 80.15 

35 48.81 18.28 2.72 16.42 18.57 80.01 
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Fig. 1. shows a plot of the maximum dry unit weight versus the plastic limit of soils 

determined by the thread rolling method for the thirty-five natural soils used in this 

study, as well as data from the literature (Jyothirmayi et al. (2015); Gurtug & Sridharan 

(2004); Lim et al. (2014); Nagaraj et al. (2014); Sridharan & Nagaraj (2005)). 

Fig. 1. Variation of Maximum Dry Unit Weight with Plastic Limit 

 

It is observed that there is a decreasing trend of Maximum Dry Unit Weight (MDUW) 

with increasing Plastic Limit (PL) of the soil. The correlation of MDUW with the PL 

is given by the following equation, with a correlation coefficient of 0.64. 

                                  𝑀𝐷𝑈𝑊 =  21.7 − 0.02𝑃𝐿                                                     (1) 

 

where, MDUW is in kN/m3       

 

In literature, however, a good correlation exists between MDUW the PL. According to 

H.B. Nagaraj et al. (2015), the relation between MDUW and PL for natural soils is 

  

                                                       𝑀𝐷𝑈𝑊 =  20.82 − 0.17𝑃𝐿                            (2) 

 

where, MDUW is in kN/m3 

with a correlation coefficient of 0.9. 
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Fig. 2. Variation of Optimum Moisture Content with Plastic Limit 

 

Fig. 2. shows the relation between the Optimum Moisture Content (OMC) and Plastic 

Limit (PL) of the soils. It is observed from the graph that the OMC is increasing with 

increasing PL. OMC is also correlating well with the PL of the soils as the correlation 

coefficient, R, comes out to be 0.97 with the intercept being taken as zero.   

Correlation of the OMC with the PL, as seen in Fig. 2 is given by the following equa-

tion, with a correlation coefficient of 0.97 

 

                                      𝑂𝑀𝐶 =  0.73𝑃𝐿                                                         (3) 

It has been reported in literature that the correlation of the compaction characteristics 

with the PL is good. Sridharan and Nagaraj (2005) obtained the correlation of the OMC 

with the PL as            

                                      𝑂𝑀𝐶 =  0.92𝑃𝐿                                                         (4) 

 

with a correlation coefficient of 0.99.  

The correlation equation between OMC and PL according to Nagaraj et al. (2015)  is 

given by the following equation: 

                                      𝑂𝑀𝐶 =  0.76𝑃𝐿                                                         (5) 

 

The correlation coefficients in the three equations above are good but differ slightly. 

One important factor that can contribute to the different coefficients is the plastic limit 

of the soils. In the above equations, the plastic limit is used as a correlation parameter 

to predict the compaction characteristics of the natural soil as a whole. The plastic limit 

test (Atterberg's thread rolling method) is the standard test method for determining the 

plastic limit of soils in soil engineering practice. However, due to the human error as-

sociated with this standard test, various research workers have resorted to different 

methods, precisely the cone penetration method, to determine the plastic limit of 
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soils. Such error in determining the plastic limit of the soil results in the various corre-

lation coefficients, as shown in equations (3), (4), and (5) above. Low correlation coef-

ficients in Fig.1 are also primarily attributable to this error. As a result, more research 

in this area is needed. 

Sharma and Bora (2003, 2004) presented that the plastic limit could be determined us-

ing the 3.92 N-30° cone. Hansbo (1957) has shown that the penetration for a 0.98 N-

30° cone is doubled by using a 3.92 N-30° cone, and the latter is thus recommended for 

the investigation of stiff clays. Sharma and Bora (2003, 2004) demonstrated that the 

undrained shear strength at the plastic limit is 100 times that at the liquid limit, and 

using the above cone, the water content corresponding to 4.4m penetration can be taken 

as the soil's plastic limit. Further research was conducted to overcome the error caused 

by the thread rolling method, and 15 additional samples were tested to determine their 

compaction characteristics. The soils' plastic limit was determined using the 3.92 N-

30° cone, and the water content corresponding to 4.4m penetration was taken as the 

soils' plastic limit. Table 2 below summarizes the findings. 

Table 2. Compaction Characteristics and Plastic limit as determined by the cone pen-

etration method 

 

 

Sl 

No. 

Plastic Limit determined by 

cone penetration method 

Maximum dry unit 

weight (kN/m3) 

Optimum moisture 

content (%) 

1 16 1.77 16 

2 17 1.768 16 

3 19.6 1.67 16.2 

4 18.5 1.68 16 

5 14.5 1.83 15.2 

6 22.5 1.64 21.2 

7 20.6 1.715 18.6 

8 24 1.64 21.5 

9 18.28 1.725 17 

10 20.38 1.72 17.4 

11 23.14 1.63 19.8 

12 22.93 1.625 20 

13 17.58 1.76 16.7 

14 24.1 1.62 21 

15 21.74 1.7 18.2 
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Fig. 3. Variation of Maximum Dry Unit Weight with Plastic Limit determined by 

Cone Penetration Method 

 

Fig. 4. Variation of Optimum Moisture Content with Plastic Limit determined by 

Cone Penetration Method 

 

Fig. 3 shows the variation of MDUW with PL as determined by the cone penetration 

method. The correlation is given by the following equation, with a correlation coeffi-

cient of 0.93. 

 

                  𝑀𝐷𝑈𝑊 =  20.91 −  0.02𝑃𝐿                                                  (6) 

This equation is again comparable with equation (2), as given by H.B. Nagaraj (2015) 

for natural soils. 

The variation of OMC with the PL as determined by the cone penetration method is 

shown in Fig. 4. Correlation of the OMC with the PL is given by the following equation, 

with a correlation coefficient of 0.99. 
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                                      𝑂𝑀𝐶 =  0.9𝑃𝐿                                                         (7) 

 

Equation (7) is now comparable with equation (4), as given by Sridharan and Nagaraj 

(2005).  

Hence equations (6) and (7) indicate the improved correlations of MDUW and OMC 

with the plastic limit of the soils when the plastic limit is being determined using cone 

penetration method. 

According to the literature, estimating MDUW using OMC obtained from the plastic 

limit is more reliable than directly relating MDUW to the plastic limit. Figure 5 shows 

a plot of experimentally determined MDUW versus OMC using data from Table 1. The 

figure shows that there is a strong correlation between the two compaction parameters. 

Fig. 5. Variation of Maximum Dry Density with Optimum Moisture Content. 

 

The following expression gives the linear relation between the two compaction pa-

rameters with a correlation coefficient of 0.95.  

                                      𝑀𝐷𝑈𝑊 =  21.7 –  0.27𝑂𝑀𝐶                                    (8) 

This work also attempted to correlate MDUW with different compaction energies. 

Through multiple regression analysis, the best correlation was observed when different 

compaction energies (E) were considered alongside other parameters such as plastic 

limit, plasticity index, and degree of saturation (Sr) at maximum dry unit weight. In this 

study, four distinct levels of compaction energies were used: Standard Proctor (Es= 

592.5 KJ/m3), Modified Proctor (Em= 2703.88 KJ/m3), Reduced Standard Proctor (Ers= 

355.5 KJ/m3), and Reduced Modified Proctor (Erm= 1622.33 KJ/m3). The degree of 

saturation at maximum dry unit weight (Sr) was found to vary approximately between 

70% to 90% for the thirty-five samples shown in Table 1. Consequently, an average 

value of 80% has been used in the analysis. 

The compaction characteristics at these four different energy levels, the physical prop-

erties, and the degree of saturation were taken from the works of Sharma and Deka 

(2019) and Prasanna H.S. (2017).  
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The correlation is obtained as – 

 

       MDUW = (9.97×10-6) E + (-0.197) PL + (0.08) Sr + (0.008) PI + 13.88                    (9) 

 

with a correlation coefficient R of 0.96. For MDUW as a dependent parameter, it can 

be observed that there exists a good correlation when it is correlated with the parame-

ters, viz. E, PL, PI, and Sr at MDUW.  

The proposed equations will be a handy tool for quickly determining the suitability of 

fine-grained soils for compaction-related purposes at construction sites. 

3 Conclusions 

Correlations exist between compaction characteristics and the plastic limit of fine-

grained inorganic soils. However, these correlations must be able to predict the com-

paction characteristics accurately and be rational. According to the findings of this 

study, the compaction characteristics, MDUW and OMC, can be accurately predicted 

using the soil's plastic limit (equations (6) and (7)) when the plastic limit is determined 

using the cone penetration method to eliminate human error. There also exists a work-

ing correlation between MDUW and OMC that can be used to predict MDUW from 

OMC (equation (8)). MDUW can also be expected at different compaction energies 

(equation (9)), which gives a good correlation of MDUW when correlated with param-

eters such as E, PL, PI, and Sr at MDUW. 

Considering the time and effort needed to determine compaction characteristics from 

laboratory experiments, the proposed formulations presented here may significantly 

help practicing engineers. 

 

References 

1. Gurtug, Y., Sridharan, A., 2002. Prediction of Compaction Characteristics of Fine-Grained 

Soils. Geotechnique, 54(10):761–763. 

2. Hansbo, S., 1957. A New Approach to The Determination of The Shear Strength of Clay by 

The Fall Cone Test. Swedish Geotech Institute Proc., Stockholm, 14, 1–48. 

3. Howell, J.L., Shackelford, C.D., Amer, N.H., Stem, R.T., 1997. Compaction of Sand pro-

cessed Clay Soil Mixtures. Geotechnical Testing Journal, 20(4):443–58.  

4. IS 2720-Part 7 (1983): Methods of test for soils – Determination of water content - dry den-

sity relation using light compaction, Bureau of Indian Standards, New Delhi. 

5. Jumikis, A.R., 1958. Geology of soils of the Newark (N.J.) Metropolitan Area. Journal of 

the Soil Mechanics and Foundations Division, Volume 84, Issue 2, 

https://doi.org/10.1061/JSFEAQ.0000116.  

6. Jyothirmayi, K.H., Gnanananda, T., Suresh, K., 2015. Prediction of Compaction Character-

istics of Soil Using Plastic Limit. International Journal of Research in Engineering and Tech-

nology, vol. 04, no. 06, doi: 10.15623/ijret.2015.0406042. 

7. Leroueil, S., Le Bhian, J.P., Bouchard, R., 1992. Remarks on The Design of Clay Liners 

Used in Lagoons as Hydraulic Barriers. Canadian Geotechnical Journal, 29(3):512–5. 

8. Lim, S.M., Wijeyesekera, D.C., Bakar, I., 2014. Correlations of Soil Classification and Com-

paction Parameters with Soaked and Unsoaked CBR of Soils. South East Asia Conference 

https://doi.org/10.1061/JSFEAQ.0000116


Dr. Binu Sharma, Shrweta Dutta, Sabaz Ahmed Mazumder, Saptarshi Paul, Shamim Akhter 

and Hriday Jyoti Sharma 

TH-1-5                                                                                                                               10 

 

on Soft Soils Engineering and Ground Improvement: Advancement of Research and Practice 

for Geotechnical Solutions, Volume 2. 

9. Matteo, L.D., Bigotti, F., Ricco, R., 2009. Best-Fit Models to Modified Proctor Properties 

of Compacted Soil. Journal of Geotechnical and Geoenvironmental Engineering, Volume 

135, Issue 7:992–6. 

10. Nagaraj, H.B., Reesha, B., Sravan, M.V., Suresh, M.R., 2015. Correlation of compaction 

characteristics of natural soils with Modified Plastic Limit. Transportation Geotechnics, vol. 

2, 65–77, doi: 10.1016/j.trgeo.2014.09.002.  

11. Prasanna, H.S., 2017. Correlation of Compaction Characteristics of Fine-Grained Soils us-

ing Atterberg Limits. International Journal of Engineering Research & Technology (IJERT), 

Vol. 6, Issue 06, ISSN: 2278-0181.   

12. Sharma, B., 2000. Some Studies on Correlation of Engineering Properties of Soils. [Ph.D. 

thesis]. Guwahati, India: Faculty of Engineering, Guwahati University. 

13. Sharma, B., Bora, P.K., 2003. Plastic Limit, Liquid Limit and Undrained Shear Strength of 

Soils – Reappraisal. Journal of Geotechnical and Geoenvironmental Engineering. American 

Society of Civil Engineers, August 2003 Volume 129, Number 8. 

14. Sharma, B., Bora, P.K., 2004. Determination of Plastic Limit of Soils by Cone Penetration 

Method. Indian Geotechnical Journal, Volume 34, No. 4. 

15. Sharma, B., Deka, A., 2019. A Study on Static Compaction of Soils. Springer Nature Sin-

gapore Pte Ltd. 2019. In: Stalin, V. K., Muttharam, M. (Eds.) Geotechnical Characterization 

and Geoenvironmental Engineering. Lecture Notes in Civil Engineering 16, 

https://doi.org/10.1007/978-981-13-0899-4_1. pp 3-10. 

16. Sivrikaya, O., Togrol, E., Kayadelen, C., 2008. Estimating Compaction Behavior of Fine-

Grained Soils Based on Compaction Energy. Can. Geotech. J., 45: 877–887, 

doi:10.1139/T08-022. 

17. Sridharan, A., Nagaraj, H.B., 2005. Plastic Limit and Compaction Characteristics of Fine-

Grained Soils. Ground Improvement, 9, No. 1, 17–22. 

 

https://doi.org/10.1007/978-981-13-0899-4_1.%20pp%203-10

