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Abstract - Empirical evidence suggests that the percentage of  coarse fraction content on soil has an influence on the soil optimum 
moisture content (OMC) and soil maximum dry density (MDD). This phenomenon is used as a basis to examine the characteristics 
of  Aceh’s fill materials. The major objective of  the present study is to determine the relationship between coarse-grained content 
and OMC and MDD of the Aceh’s fill materials. This relationship is important in the justification of  soil suitability as materials for 
engineering construction. Thirty (30) soil samples from various locations in the Province of  Aceh have been collected and tested. 
The tests carried out include soil physical properties tests and standard compaction test. In the case of  a relationship between soil 
coarse fraction content and soil OMC or MDD, two general findings have been deduced. The first finding of  the present study 
shows that the soil OMC decreases when the content of  coarse-grained particles in the soil increases. The later finding shows a 
positive correlation between coarse particles content and the soil MDD which the increase of  the content of  coarse-grained 
particles in the soil will increase the value of  the soil’s MDD. In conclusion, the coarse particles content affects the OMC and MDD 
of Aceh’s fill materials.  
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Introduction 

Das (1985; 2002) demonstrated that the optimum moisture content (OMC) of  silty SAND (SM) is lower than 
the OMC of  SILT (ML). Furthermore, the OMC of  ML is less than the OMC of  Silty CLAY (CL). In contrast, the 
maximum dry density (MDD) of  SM is higher than the ML and the MDD of ML is higher than CL. Detailed of  this 
phenomenon is illustrated in Figure 1. In other words, this illustration demonstrated that the lower OMC of soil results 
in higher their MDD (Ng et al., 2015). The illustration, in Figure 1, also indicated that the soils with higher coarse 
particles content will have lower OMC and higher MDD than soils with low levels of coarse particles (Bowles, 1996;  
Craig, 1997; Holtz and Kovacs, 1981; Lambe and Whitman, 1979; Sowers, 1979;  Whitlow, 1990; McCarthy, 2007). 

Recently, the relationship between coarse particles 
content in soils and their OMC or MDD was 
investigated for different purposes by several researcher 
for example Bhat et al. (2015); Shirur and Hiremath 
(2014) and Alavi et al. (2009). Bhat et al. (2015) studied 
the relationship for investigating various compaction 
characteristics on granular soils. Shirur and Hiremath 
(2014) was indicating the relationship for suggesting a 
novel relationship to estimate soil California bearing ratio 
(CBR) from the physical proportion of  soil. Alavi et al. 
(2009) was using the relationship for validating a new 
method using radial basis function (RBF) neutral 
networks to predict OMC and MDD of  soils. 

The characteristics as described above has attracted 
the author to study more in depth in the context of 
Aceh’s fill material. The major aim of  the present study 
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Figure 1. Relationship between OMC and MDD for three 
different soil types (Das, 1985;  2002) 
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is to determine the effect of  coarse particles content on the Aceh’s fill materials. The understanding of the influence 
of the existence of coarse particles in the OMC and MDD values in Aceh’s fill material will be useful for various 
construction activities in Aceh Province. 

In the present study soil physical properties and standard proctor tests were carried out on 30 soil samples taken 
from various locations in Aceh Province. The results of the tests are tabulated, compiled and analysed to obtain the 
relationship between the of coarse soil fraction content with their OMC and MDD. Effect of levels of the coarse 
fraction on the OMC and MDD of Aceh's fill material is presented in the present paper. 

 
Materials and Methods 
Time and location 

The collection and testing of the samples were carried out on four different occasions. Initially, from April to 
December 2005 several samples were collected and tested. Between February and March 2006, most of the samples 
were gained and tested, while in October 2009 only one sample was acquired. Finally, in early (March-April) 2012 the 
rest of the samples were obtained and examined.  

The soil samples were taken from various locations in Aceh Province. The distribution of the samples is as follow: 
a sample from Simeulue District, 6 samples from Aceh Barat (West Aceh) District, 4 samples from Aceh Jaya District, 
5 samples from Aceh Besar District, a sample from Banda Aceh District, 2 samples from Biruen District, 4 samples 
from Aceh Utara (North Aceh) District, a sample from Lhokseumawe District, 2 samples from Aceh Tenggara 
(Southeast Aceh) District, a sample from Subulussalam District and 3 samples from Aceh Selatan (South Aceh) 
District. These locations are indicated in red circle as shown in Figure 2.  
Soil compaction 

Soil compaction is a testing by compacting soil sample in several different moisture content from which the 
optimum moisture content and maximum dry unit weight of sample are deduced (Das, 1985; Bowles, 1996; Craig, 
1997; Holtz and Kovacs, 1981; Lambe and Whitman, 1979; Sowers, 1979; Whitlow, 1990; STM D1557, 2009). The 
moisture content, where the maximum of dry unit weight soil conditions occurs, is called the optimum moisture 
content (OMC). The plotted compaction test into a graph that shows the relationship between soil dry unit weight 
and its moisture content is shown in Figure 3a. In the compaction process the volume of air in the void between the 
soil particles is reduced (Figure 3b). The decreasing of air volume in the soil will cause the increasing of soil modulus 
elasticity and soil strength. This compaction effort also results in the reduction of the changing of soil volume. 
Therefore, a compaction is crucial to prevent ground settlement. 

In theory, Proctor (1933) in Bowles (1996), Craig (1997) and Das (1985) stated that the density of  soil depends 
on soil type, the energy of  compaction and moisture content. A certain type of  soil will produce a specific compaction 
curve, therefore the compaction curve is different from one to another soil type as shown in Figure 1 above. 
Furthermore, compaction effort is also important in the compaction process (Jesmani et al., 2008). The influence the 
compaction energy, which is represented as the number of  blows on each layer, on the value of  OMC and MDD of 
soil is illustrated in Figure 4. The figure shows that higher compaction energy applied to the sample results in the lower 
OMC and higher MDD. 

Moisture content plays an important role during soil compaction (Das, 1985; Craig, 1994; Jesmani et al., 2008; Ng 
et al., 2015). Optimum moisture content (OMC) is required to obtain maximum soil density. Low moisture content 
causes the difficulty of  compressing the soil particles as soil particles tend to separate themselves from one to another 
in this state. Excessive moisture content causes minimum interlocking or less contact between soil particles, therefore 
the particles will split up again after the confined compaction energy is released. This high moisture content also results 
in incompressibility of  the soil layer. This description as aforementioned shows the importance of  controlling the 
moisture content while compaction process is being carried out (Blotez et al., 1998). 
Procedure 

The procedure includes soil sampling, testing of  physical soil properties and soil compaction test. Descriptions 
of  each stage are outlined below. 
Soil sampling 

The used soil samples in the present study were taken from various locations in the Province of  Aceh. The 
samples were collected using a hoe. The disturbed soil sample was put into sacks and transported to the Soil Mechanics 
Laboratory, Faculty of  Engineering, Syiah Kuala University (Unsyiah). Soil samples that have been transported to the 
laboratory were spread on trays and allowed to dry at room temperature for at least 24 hours. The air-dry soil was, 
then, crushed with a rubber mallet to break the clumps of  soil into soil particles for sieving. 
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Figure 2. Location of  samples (the base map is taken from ANU (2016) 

 

Figure 3. (a) Compaction curve (Das, 1985), (b) Effect of  
compaction on soil 

 

Figure 4. Compaction curve for four different 
types of  compaction energy (Das, 1985) 

 

(a) 

(b) 
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Physical soil properties testing 
Testing of  the physical nature of  the soil in the present study includes Atterberg limits and sieve analysis. The 

tests were carried out in accordance with the American Society for Testing and Materials (ASTM) standards. The result 
of  testing is for soil classification, which in the present study the soil classification is based on the Unified Soil 
Classification System (USCS). 
Compaction test 

The present study adopted a standard proctor compaction test based on ASTM D-698. Equipment used in the 
standard proctor compaction work consists of  mold, hammer (pounder) and extruder (a tool to remove the 
specimen). Testing was carried by dropping the hammer into the mold with soil sample inside. The hammer is dropped 
25 times on each soil layer wherein for each mold on a standard proctor test is compacted in three layers. The excessive 
soil above the lip mold is leveled using a grader blade. 

Obtained data for the compaction test are as follow: empty mold weight, bulk soil weight, the volume of  the 
mold, and water content. Moisture content measurement is made after the compaction. Tree containers at the top, 
middle and bottom of  the test specimen are taken for this moisture content measurement. The moisture content of 
the soil bulk density is obtained by averaging the obtained moisture content values of  the three samples. 

 
Results and Discussion 

The results of  the present study are USCS soil classification based on the physical soil properties and compaction 
test results. From both results, simple correlations for investigating the effect of  soil coarse particles content on the 
values of  its OMC and MDD are developed. 
Soil classification 

Soil classification results along with their visual descriptions of  the present study are shown in Table 1. Ten of 
30 soil samples in the present study are classified as the coarse-grained soil in the USCS Classification, whereas the rest 
(20 others) are categorised as fine-grained soil. USCS classification for fine-grained soil in the present study is shown 
in Figure 5. This fine-grained classification shows that the cohesive soils of  the present study are mostly classified as 
clay to silt with low plasticity (CL and ML) and only a small proportion (3 of 20) of  fine-grained soil samples of the 
present study are classified as high plasticity of  clay (CH) or silt (MH) or organic clay (OH). 

Grain size analysis, plasticity index (PI), liquid limit (LL), plastic limit (PL), OMC and MDD test results of the 
soil samples of the present study obtained from laboratory testing as described above are presented in Table 2. Several 
anomalies in the dry density results are found in samples from locations 4, 5, 9, 11, 15, 17, 23 and 25. Generally, soil 
dry density is within the range of 1.1 to 1.6 g/cm3 (Hillel, 1980).  The dry density of soil at Locations 4, 5, 11, 15, 17, 
23 and 25 are higher than the common soil dry density (Table 2). The dry density of soil at location 9 is only 0.669 
g/cm3 which is much lower than the common dry density of soil. In the author opinion, this abnormality is the human 
error in the soil testing. The error may be caused by sampling handling and treatment error, apparatus reading error 
or apparatus handling error. Therefore, the author removes the affected samples for further analysis.  
Effect of  coarse-grained content 

As described implicitly at the beginning of  the present paper, correlations are developed to investigate the effect 
of  the coarse fraction content in the soil characteristics. Only samples within the common dry density are used in this 
analysis. One of  these correlations is to look at the effect of  coarse particle concentration in soil OMC. The present 
study proposed the relationship between coarse-grained content and OMC as shown in Figure 6. This correlation 
indicates that the OMC value will decrease when the level of  coarse soil particles is rising. Despite having relatively 
small coefficients of  determination, the relationship between these two elements is in a good agreement others studies 
by Jesmani et al. (2008), Alavi et al. (2009), Alavi et al. (2010), Shirur and Hiremath (2014), Bhat et al. (2015) and Ren et 
al. (2015). In addition, Jesmani et al. (2008) found a positive correlation between OMC and clay content. The validation 
data of  Alavi et al. (2009) shows similar results to the present study. The result of  the present study is, also, in a good 
agreement with laboratory testing results by Shirur and Hiremath (2014) and Bhat et al. (2015) which suggested that 
the increasing of  coarse-grained content will decrease the OMC of  the soils. Ren et al. (2015) indicated that the OMC 
of  CLAY soil is higher than SAND soil.  

The second correlation is shown in Figure 7. The correlation shows the influence levels of  soil coarse particles 
on the soil MDD. The increase of  the content of  coarse-grained particles in the soil will increase the value of  the soil 
MDD. The relationship between coarse-grained content and MDD also has been indicated by Worku and Shiferaw 
(2004), Jesmani et al. (2008), Alavi et al. (2009), Alavi et al. (2010), Shirur and Hiremath (2014), Bhat et al. (2015) and 
Ren et al. (2015). The coarse particle content in Worku and Shiferaw (2004) was represented using the coefficient of 
uniformity (CU). Alavi et al. (2009; 2010) shown similar results to the present study in their validation data. Laboratory 
testing results by Shirur and Hiremath (2014) and Bhat et al. (2015) show in a good agreement with the present study 
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which suggested that the increasing of  coarse-grained content will increase the MDD of  the soils. Ren et al. (2015) 
indicated that the MDD of  SAND soil is higher than CLAY soil. 

 
Table 1. Soil samples data for USCS classification and visual description of the present study 

 
 

 

Figure 5. USCS Classification of  fine grained soils in the present study 
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Table 2. Plastic limit, OMC and MDD soil in the present study 

 

Figure 6. Effect of coarse particle content on the 
value of soil OMC 

 

Figure 7. Effect of coarse particle concentration on 
the value of soil MDD 
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Conclusions 

Empirical studies demonstrated that the percentage of  the coarse fraction of  the soil is affecting the soil OMC 
and MDD. This phenomenon is used as a basis for testing of  the Province of  Aceh soils. The main aim of  the present 
study is to determine the relationship between coarse-grained content and OMC and MDD of  the Aceh’s fill materials. 
Thirty (30) soil samples taken from various locations in Aceh Province were tested. Two correlations for investigating 
the effect of  the coarse fraction content of  Aceh’s fill materials on their OMC and MDD characteristics are deduced. 
The first correlation shows that OMC value is decreased when the levels of coarse soil particles is increased. The later 
correlation shows the influence levels of  coarse particles on the value of  soil MDD. The relationship shows that the 
MDD is surge with the increasing of  coarse particles content in the soil. In the practical aspect, these findings suggest 
that Aceh’s fill material with highly variable of  particles sizes is preferable for construction purposes than the less one. 
 
References 
Alavi, A., Gandomi, A., Gandomi, M. and Hosseini, S. 2009. Prediction of maximum dry density and optimum moisture 

content of stabilised soil using RBF neural networks. The IES Journal Part A: Civil and Structural Engineering, 
22: 98-106. 

Alavi, A., Gandomi, A., Mollahassani, A., Heshmati, A. and Rashed, A. 2010. Modelling of maximum dry density and 
optimum moisture content of stabilized soil using artificial neural networks. Journal of Plant Nutrition and Soil 
Science, 173: 368–379. 

Australian National University (ANU) Website (2016). Aceh. Accessed on 7 September 2016, 
http://asiapacific.anu.edu.au/mapsonline/base-maps/aceh 

ASTM Standard D1557. 2009. Standard test methods for laboratory compaction characteristics of soil using modified 
effort. ASTM International, West Conshohocken, PA, DOI: 10.1520/D1557-09. 

Bhat, S.B., Kunroo, D. and Ahmad, Z. 2015. Comparison of maximum dry density, optimum moisture content and 
strength of granular soils using different methods of compaction. International Journal of Civil Engineering and 
Technology, 6(2): 1-5 

Blotez, L., Benson, C. and Boutwell, G. 1998. Estimating optimum water content and maximum dry unit weight for 
compacted clays. Journal of Geotechnical Engineering, 124(9): 907-912. 

Bowles, J.E. 1996. Foundation analysis and design, 5th ed. McGraw-Hill, New York. 
Craig, R.F. 1997. Soil mechanics, 6th ed. Chapman and Hall, London. 
Das, B.M. 1985. Principles of foundation engineering, 3rd ed. PWS Publishing Co., Boston. 
Das, B.M. 2002. Principles of geotechnical engineering. Pacific Grove, CA, Brooks/Cole.  
Hillel, D. 1980. Fundamental of soil physics. Academic Press, New York. 
Holtz, R.D. and Kovacs, W.D. 1981. An introduction to geotechnical engineering. Prentice Hall, New Jersey. 
Jesmani, M., Manesh, A. and Hoseini, S. 2008. Optimum water content and maximum dry unit weight of clayey gravels 

at different compactive efforts. Electronic Journal of Geotechnical Engineering, 13: Bundle L. 
Lambe, T.W. and Whitman, R.V. 1979. Soil mechanics, S.I. Version, Wiley and Sons, New York. 
McCarthy, D. F. 2007. Essentials of soil mechanics and foundations. Upper Saddle River, Pearson Prentice Hall,  

Indiana, USA. 
Ng K.S., Chew Y.M., Osman M.H. and Mohamad G.S.K. 2015.  Estimating maximum dry density and optimum 

moisture content of compacted soils. International Conference on Advances in Civil and Environmental 
Engineering 2015. Faculty of Civil Engineering, Universiti Teknologi MARA, Pulau Pinang. 

Ren, X., Lai, Y., Zhang, F. and Hu, K. 2015. Test method for determination of optimum moisture content of soil and 
maximum dry density. KSCE Journal of Civil Engineering, 19(7): 2061-2066.  

Shirur, N.B. and Hiremath, S.G. 2014. Establishing relationship between CBR value and physical properties of soil. 
IOSR Journal of Mechanical and Civil Engineering, 11(5): 26-30. 

Sowers, G.F. 1979. Introductory soil mechanics and foundations: Geotechnical engineering, 4th ed. Collier Macmillan, 
New York. 

Whitlow, R. 2000. Basic soil mechanics, 4th revised edition. Pearson Education Limited, Harlow, United Kingdom. 
Worku, A. and Shiferaw, D. 2004. Prediction of maximum dry density of local granular fills. Journal of EEA, 21: 1-12 
 


