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ABSTRACT 
Investigating the effect of adding various types and shapes of materials on the behaviour of engineering 

properties of clayey soil is very important. In this study, various shapes of gravels have been used with 

different ratios (from 0 to 50% with 10% intervals) to show their effect on improving the mechanical 

properties of clayey soil. Many tests have been conducted on clayey and clayey- gravel soil mixtures. Modified 

compaction tests showed that by increasing percentages of gravel, amount of maximum unit weight (MUW) 

increased and optimum moisture content (OMC) decreased especially when rounded gravel was added. The 

increasing in amount of MUW of the clayey soil was about 10.32% after adding 50% of rounded gravel and it 

was about 8.98% after increasing same amount of crushed one. Values of California Bearing Ratio (CBR) 

increased after adding more amounts of gravel with more extent during adding crushed gravel. The addition 

of 50% gravel by weight to clayey soil resulted in 101.47% increase in the maximum CBR value for rounded 

gravel and 198.53% for crushed gravel. The swelling ratio decreased from 4.5% for the clayey soil to 0.2% 

after adding 40% of rounded gravel while it decreased to 0.56% after adding same ratio of crushed one. 

After adding 50% of both shapes gravel, a slight change in swelling ratio was appeared by increasing from 

0.2% to 0.45% for rounded gravel and from 0.56% to 0.87% for crushed one.   
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1. INTRODUCTION 

 

he behaviour of fine-grained soil changed 

when course grained particles are 

available. This change depends on the degree of 

interaction between clayey and gravel soil 

particles (Mitchell & Soga, 2005;  Kuerbis et al.  

1988; Troncoso & Verdugo, 1985; Lupini et al., 

1981and Kenny, 1977). 

Previous researchers (Kakou et al. 2001; Petley 

1966) explained that the execution and 

interpretation of laboratory test results will be 

easier if there is an understanding of the effect of 

soil particle shapes. The influence of particle 

shape on the behaviour of granular soil was also 

investigated by a group of researchers like Dyskin 

et al. 2001; Miura et al, 1998; Shimobe & Moroto 

1995. Particle shape descriptions which are 

commonly used by researchers (Cho et al., 2006; 

Santamrina & Cho, 2004) include sphericity, 

roundness, roughness and texture. According to 

the observations of several studies, each type of 

particle shape has its individual effect on the 

engineering properties of soil materials. For 

example, Cho et al., 2006; de Graff-Johnson et al., 

1969 and Santamrina & Cho, 2004 indicated that 

by increasing the angular particles or decreasing 

the rounded or spherical particles, the amount of 

void ratio increased. Moreover, the availability of 

irregular particles in soil mixtures lead to 

elevation in stiffness, unit weight and strength 

while the opposite may occur if platy particles 

have been increased (Cho et al., 2006; 

Cubrinovski & Ishihara, 2002; Guimaraes, 2002 

Hight et al., 1998).    

During constructing subgrade course of 

highway projects, used materials may contain 

gravels with different sizes and shapes that get 

T 



Journal of University of Duhok, Vol. 21, No.2 (Pure and Eng. Sciences), Pp 154-164, 2028 
https://doi.org/10.26682/sjuod.2018.21.2.12 

   

 
 

455 

their strength from particle interlock and internal 

friction whenever no clay content between gravel 

grains. While, this contact mechanism of the soil 

matrix is determined by the amount of clay 

content.  

Clayey soil is utilized in highway construction 

as filler material provided that it has required 

engineering properties.  Rounded or crushed stone 

are only used to enhance the strength and stability 

of subgrade layer although they cost more than 

natural materials. Adding certain amounts of gavel 

to clayey soil is important to improve soil 

admixture materials through providing more 

strength and durability. Furthermore, Duhok City 

where the present study was conducted is close to 

Khazir River which is a good gravel reservoir.  

This paper investigates the effect of gravel shape, 

rounded and crushed, as an alternative and 

beneficial way to improve the mechanical 

properties, CBR and compaction, of clayey soil.   

A series of modified compaction and (CBR) tests 

have been conducted on clayey and clayey- gravel 

samples. The samples were obtained from Duhok 

City and neighboring areas, where geotechnical 

engineering works have been significantly 

increased over the last years. To show the 

influence of both shapes of gravel on the 

mechanical behaviour of clayey soil, a wide range 

of additive gravel was used (10 to 50 % with 10% 

interval).  

 

2. EXPERIMENTAL STUDY 

2.1  MATERIALS 

The materials used in the tests to form mixtures 

were Rounded Gravel (RG), Crushed Gravel 

(CG), clayey soil, and de-aired water. Rounded 

Gravel was quarried from the banks of Khazir 

River in Duhok province, Kurdistan Region of 

Iraq. Crushed Gravel was obtained after crushing 

big rounded river stone using a special machine. A 

gradation of the gravel (between 20 and 4.75 mm) 

is selected to assess its effect on the behaviour of 

clayey soil and to get relatively uniform 

specimens for visual classification purposes (Plate 

1 and Figure 1).  

 

 
 

Plate 1: Used clayey and gravel soils, (a) Clayey soil, (b) Rounded gravel, (c) Crushed gravel. 

 

The gravel (rounded and crushed) was 

classified as GP (Poorly graded Gravel) according 

to the Unified Soil Classification System. The 

specific gravity of the gravel was 2.68 for 

rounded, and was 2.64 for crushed one. The sizes 

of D10, D30 and D60 are around 8.0, 12.4 and 

15.8 .Thus, the coefficient of uniformity (Cu) and 

the coefficient of curvature (Cc) have been 

calculated as 1.98 and 1.22, respectively. The 

internal friction angle (φ) of the rounded and 

crushed gravel was 36º and 38º, respectively. Clay 

used in the experiment was obtained from 

Bardarash District, Duhok Province, Kurdistan 

Region of Iraq. Its plastic limit and liquid limit 

values were 19% and 38%, respectively. The 

specific gravity of the clay grains was 2.61. The 
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internal friction angle (φ) and cohesion (c) of the clay were 27º and 21 kPa, respectively. 

 

 
 

Fig.( 1): Particle size distributions for clay and gravels (rounded and crushed) used in the experiment. 

 

2.2 SPECIMEN PREPARATION AND 

TESTING APPARATUS   

To show the relationship between moisture 

content and unit weight of clayey and clayey-

gravel mixtures, laboratory compaction tests 

were conducted. 

A required amount of specimens was prepared 

for both clayey and clayey-gravel mixtures at 

modified proctor compaction energy levels to 

represent field compaction process. The required 

amount of clayey, gravel of both shapes and 

water were weighed and then mixed properly to 

homogenize mixtures. Then the mixtures stored 

in plastic bags for about 24 hours to get 

homogenous moisture content. After that, the 

mixtures were compacted into the metal 

cylindrical compaction molds in five layers 

applying modified compaction effort (2700 kN-

m/ m
3
) and then the surfaces of all molds were 

trimmed out for leveling purpose. Standard 

molds with a diameter of 152mm and a height of 

178mm have been used. Standard specifications 

of ASTM D1557 were used to show the 

compaction characteristics of the samples. 

The CBR testing apparatus exploited in the 

study had a 30 kN capacity of proving ring and 

0.01mm sensitivity of a dial gauge to read the 

displacement. After that, CBR results were 

contrasted against standard test results according 

to ASTM D1883. Five different ratios of gravel 

of both shapes at the mixture ratios of 10, 20, 30, 

40, and 50% by dry weight of the samples were 

added to clayey soil. To illustrate CBR variation 

of clayey and clayey-gravel soils at different 

amounts of water contents, four to five 

percentages of water contents were selected by 

the weight of specimens and then mixed until a 

uniform mixture obtained.     

By applying modifying compaction effort 

(2700 kN-m/m
3
), the mixtures were compacted to 

the CBR standard metal molds in five layers and 

then all of the mold surfaces trimmed out for 

leveling. To prevent losing fine particles during 

soaking process, filter papers were placed at 

bottom and top of each sample. A standard 

surcharge load of 4.5 kg was put over each 

sample. To determine the amount of swelling of 

each sample, a dial gauge was put over the 

samples during the soaking time. Then, the 
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samples were put into the water tank for 96 hours 

until being fully saturated and initial 

measurements of swelling were performed. A 

final dial gauges readings were observed at the 

end of soaking period. Later, the samples were 

taken out from the water tank. Finally, CBR 

testing apparatus was employed to observe the 

behaviour of the samples put in the device. CBR 

values of the specimens were evaluated at 

penetrations of 2.54mm and 5.08mm using 

readings taken at every 0.25mm penetration 

depth. 

3 RESULTS AND DISCUSSIONS 

3.1 COMPACTION PROPERTIES 

Depending on ASTM D1557 standards 

procedures, the relationship between dry unit 

weight and water content is drawn for all soil 

mixtures by applying modify compaction effort.  

Both shapes of gravel (rounded and crushed) 

were added to clayey soil. Clayey and gravel 

materials are widely used during construction 

road projects. Therefore, it is important to study 

the compaction behaviour of such materials. The 

relations of water content and dry unit weight are 

illustrated in Figures 2 and 3.  The amount of 

maximum dry unit weight of all samples after 

adding both shapes of gravels to clayey soil was 

proportionate with gravel contents due to higher 

specific gravity of gravel particles.

  

 
Fig.( 2): Compaction curves of the specimens at different mix ratios after adding rounded gravel. 
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Fig.(3): Compaction curves of the specimens at different mix ratios after adding crushed gravel. 

 

However, the optimum moisture content 

(OMC) was disproportionate with gravel content. 

The variations in the maximum dry unit weight 

and optimum water content values with gravel 

contents of both shapes are presented in Figures 4 

and 5.  

 

 
 

 
Fig.( 4): Variation in the maximum dry unit weight and gravel content of both shapes. 
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Fig.( 5): Variation in the optimum moisture content and gravel content of both shapes. 

A change in amount of maximum unit weight 

(MUW) of clayey soil was observed after adding 

10% of gravel which lead to increase by about 

1.65% at rounded gravel and by about 1.55% at 

crushed one. Simple increase in (MUW) was seen 

during adding (0 to 40) % of both shapes of 

gravel. While after adding 50% of both rounded 

and crushed gravel, amount of increasing in 

(MUW) value reached 10.32% and 8.98% 

respectively. Similar behaviour of clayey soil was 

observed in many previous studies (e.g., 

Chinkulkijniwat et al., 2010; Donaghe & Torrey, 

1994) after adding various amounts of gravel and 

rock soils to fine grained soil.        

On the other hand, it was noticed that the 

variation in MUW after adding 50% of both 

shapes of gravel soil was insignificant due to the 

small difference between specific gravity of both 

shapes of gravel as illustrated in the above-

mentioned material properties. 

 

3.2  CBR PROPERTIES 

It can be depend on CBR value to indicate the 

stability of clayey and clayey-gravel mixtures 

used to construct pavement projects. Therefore, a 

great care was taken during determining CBR 

values of all soil mixtures at various amounts of 

water contents. Figures 6 and 7 illustrate the 

variation of CBR values of the tested samples at 

variable amounts of water contents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.( 6): Variation of CBR value with water content after adding rounded gravel. 
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Fig.( 7): Variation of CBR value with water content after adding crushed gravel. 

 

It can be seen that adding gravels of both 

shapes to clayey soil increases CBR values. As 

indicated by many previous studies 

(Thevanayagam, 2007; Xenaki & Athanasopoulos, 

2003; Vallejo & Mawby, 2000) that the amount of 

fine contents have a great effect on the behaviour 

of the mixed soils. This means that the strength 

which adapted by compacted clayey- gravel 

mixtures is related to frictional strength between 

whole material particles. Hence, the amount of 

gravel content significantly influences CBR 

values by filling the soil mixture with stronger 

materials. When amounts of fine (clay) grains 

surpass gravel soil, the gravel grains will have no 

grain-to-grain contact and float in the fines. 

Therefore, the behaviour of the samples becomes 

to clay like. While increasing gravel grains will 

elevate the contact between gravel particles and 

the behaviour of the samples is controlled by 

gravel grains.  

It is observed that adding 10% gravel by 

weight to clayey soil resulted in 20.59% increase 

in the maximum CBR value in case of rounded 

gravel and 35.29% for crushed gravel, and adding 

50% gravel by weight to clayey soil resulted in 

101.47% increase in the maximum CBR value for 

rounded gravel and 198.53% for crushed gravel 

(Figure 8).  
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Fig.( 8): Effect of gravel content on the maximum CBR values. 

 

It can be seen from Figure 8, that the variation 

in maximum CBR value after adding crushed 

gravel was more than that of the rounded one. 

This may be because of surface roughness of 

crushed gravel that offers more strength to the soil 

mixture and results in needing bigger applying 

force to reach the required amount of penetration. 

In the light of this observation, it is important to 

study the impact of the shape of course-grained 

soil on the behaviour of fine-grained soil is as 

recommended also by many previous research 

(Lees, 1964; Gilboy, 1928).  

 

3.3  SWELLING PERCENTAGES 

Swelling potential was also measured during 

socking CBR molds in water bath for all samples 

of clayey and clayey- gravel mixtures. The 

amount of expansion ratio which happens for each 

sample is considered as swelling potential and it 

can be defined as the ratio between final heights of 

sample at the end of socking process to the 

beginning height of sample before socking 

process. It is seen that the amount of swelling 

potential of clayey soils records maximum value 

when the sample contain higher amount of clayey 

soil due to the high ability of clay particles to 

absorb water particles. Figures 9 and 10 illustrate 

the variation of swelling potential with water 

content for all samples and at various mixture 

ratios after adding both shapes of gravel (rounded 

and crushed). The figure shows that by adding 

gravel to clayey soil the amount of swelling 

potential dropped significantly. The swelling ratio 

decreased from 4.5% for the clayey soil to 0.2% 

after adding 40% of rounded gravel. While it 

decreased to 0.56% after adding same ratio of 

crushed one, as shown in Figure 11. Depending 

the observation made earlier by Gray et al. (1984), 

gravel particles behave as an inert material and 

swelling potential is controlled by mass of clay 

soil only which work to combine volume of clay 

and voids that are available in each sample. On the 

other hand, it can be seen that by adding rounded 

gravel to clayey soil, the amount of decreasing in 

swelling potential was bigger that when crushed 

one added. This may be attributed to the surface 
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roughness of crushed gravel particles that help to 

store more amounts of voids surrounding each 

particle and leads to absorbing more water.  

Another behaviour of clayey soil was 

manifested by adding 50% of gravel to clayey soil 

which presented by increasing swelling potential 

again from 0.2% to 0.45% for rounded gravel and 

from 0.56% to 0.87% for crushed one. The reason 

behind this change in the swelling potential 

behaviour is may be related to the high gravel 

content in the sample, which helps in dissipating 

the water particles inside the soil media easily, and 

helps the clay particles to absorb water particles 

easily and led to push out the gravel particles, 

which finally increases sample height.

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (9): Variation of swelling potential vs. water content for the specimens with different rounded gravel contents. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Fig.( 10): Variation of swelling potential vs. water content for the specimens with different rounded gravel contents. 
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Fig.( 11): Variation of swelling potential vs. gravel content (rounded and crushed). 

 

4 CONCLUSIONS 

 

In this study examined the effect of adding 

various shapes of gravel soil (rounded and 

crushed), which are widely used in earthwork 

projects in Duhok Province,  on improving the 

mechanical behaviour of clayey soil depending on 

a series of modified and CBR tests. The following 

points are concluded: 

1- The amount of maximum dry unit weight 

(MUW) of all samples after adding both shapes of 

gravels to clayey soil are proportionate to gravel 

content, and disproportionate to optimum moisture 

content (OMC) under the same conditions. 

2- A change in amount of maximum unit weight 

(MUW) of clayey soil was observed after adding 

10% of gravel that led to increase by 1.65% at 

rounded gravel and by 1.55% at crushed one. 

Moderate increase in (MUW) was seen during 

intervals from 0 to 40 % of both shapes gravel. By 

adding 50% of rounded and crushed gravels, 

amount of increasing in (MUW) value reached 

10.32% and 8.98% respectively. This means that 

the variation in MUW levels after adding 50% of 

both shapes gravel soil was insignificant. 

3- The addition of 10% gravel by weight to 

clayey soil resulted in 20.59% increase in the 

maximum CBR value for rounded gravel and 

35.29% for crushed gravel.  Also, the addition of 

50% gravel by weight to clayey soil resulted in 

101.47% increase in the maximum CBR value for 

rounded gravel and 198.53% for crushed gravel. 

Namely, adding crushed gravel resulted in 

variation in maximum CBR more than resulted 

from rounded one. 

4- Maximum value of swelling potential was 

obtained when the sample contain highest amount 

of clay soil due to the high ability for absorbing 

water particles. After adding gravel soil, swelling 

ratio was decreased from 4.5% for the clayey soil 

to 0.2% after adding 40% of rounded gravel while 

it decreased to 0.56% after adding same ratio of 

crushed one. By adding 50% of gravel to clayey 

soil, the amount of swelling potential increased 

from 0.2% to 0.45% for rounded gravel and from 

0.56% to 0.87% for crushed one.   

 

5  REFERENCES 
Chinkulkijniwat, A., Man-Koksung, E., Uchaipichat, 

A., Horpibulsuk, S., 2010. Compaction 

characteristics of non-gravel and gravelly soils 

using a small compaction apparatus. Journal of 

ASTM International 7 (7) (Paper ID 

JAI102945). 

Cho, G.C., Dodds, J., Santamarina, J.C., 2006. Particle 

shape effects on packing density, stiffness, and 



Journal of University of Duhok, Vol. 21, No.2 (Pure and Eng. Sciences), Pp 154-164, 2028 
https://doi.org/10.26682/sjuod.2018.21.2.12 

   

 
 

411 

strength: natural and crushed sands. J Geotech 

Geoenviron Eng 132:591–602. 

Cubrinovski, M., Ishihara, K., 2002. Maximum and 

minimum void ratio characteristics of sands. 

Soil Found. 42 (6), 65–78. 

de Graff-Johnson, J.W.S., Bhatia H.S, Gidigasu, D.M., 

1969. The strength characteristics of residual 

micaceous soils and their application to stability 

problems. In: Proc. 7th Int’l Conf Soil Mech 

Found Engrg Mexico, 165–172. 

Donaghe, R.T., Torrey, V.H., 1994. A compaction test 

method for soil–rock mixtures in which 

equipment size effects are minimized. 

Geotechnical testing journal, GTJODJ 17 (3), 

363–370. 

Dyskin, A.V., Estrin Y, Kanel-Belov, A.J, Pasternak, 

E., 2001. Toughening by fragmentation-how 

topology helps. Adv Eng Mater 3(1), 885–888. 

Gilboy, G., 1928. The compressibility of sand–mica 

mixtures. Proc. ASCE 2, 555–568. 

Gray, M.N., Cheung, S.C.H., Dixon, D.A., 1984. 

Swelling pressures of compacted bentonite/sand 

mixtures. MRS Proceedings, 44, 523–530. doi: 

http://dx.doi.org/10.1557/PROC-44-523. 

Guimaraes, M., 2002. Crushed stone fines and ion 

removal from clay slurries-fundamental studies. 

Ph.D. thesis, Georgia Institute of Technology, 

Atlanta. 

Hight, D.W., Georgiannou, V.N., Martin, P.L., 

Mundegar A.K., 1998. Flow slides in micaceous 

sand. In: Yanagisawa E, Moroto N, Mitachi T 

(eds) Problematic soils. Sendai, Japan, 945–958. 

Kakou, B.G., Shimizu H., Nishimura S., 2001. Residual 

strength of colluvium and stability analysis of 

farmland slope. Agric Eng Int CIGR J Sci Res 

Dev 3, 1–12. 

Kenny, T.C., 1977. Residual strength of mineral 

mixture. Proceedings 9th International 

Conference of Soil Mechanics and Foundation 

Engineering, 1, 155–160. 

 

Kuerbis, R., Negussey, D. and Vaid, Y.P., 1988. Effect 

of Gradation and Fines Content on the 

Undrained Response of Sand. In: Hydraulic Fill 

Structures (edited by D.J.A. Van Zyl and S.G. 

Vick), Geotechnical Special Publication 21, 

American Society of Civil Engineers, New 

York, U.S.A., 330-345. 

Lees, G., 1964. A new method for determining the 

angularity of particles. Sedimentology 3, 2–21. 

Lupini J.F., Skinner A.E. and Vaughan P.R., 1981. The 

drained residual strength of cohesive soils. 

Géotechnique 31 (2), 181-213. 

Mitchell, J.K., Soga, K., 2005. Fundamentals of Soil 

Behaviour, 3rd edition. John Wiley & Sons, 

Inc., USA. 

Miura, K., Maeda, K., Furukawa, M., Toki S., 1998. 

Mechanical characteristics of sands with 

different primary properties. Soils Found 38, 

159–172.  

Petley, D.J., 1966. The shear strength of soils at large 

strains. PhD thesis, University of London. 

Santamrina J.C., Cho G.C., 2004. Soil behavior: the 

role of particle shape. In: RJJardine, DMPotts, 

KG Higgins (Eds) Advances in geotechnical 

engineering: the skempton conference, vol 1. 

Thomas Telford, London, 604–617 

Shimobe, S., Moroto N., 1995. A new classification 

chart for sand liquefaction. In: Ishihara K (ed) 

Earthquake geotechnical engineering. Balkema, 

Rotterdam, 315–320. 

Thevanayagam, S., 2007. Intergrain contact density 

indices for granular mixes- II: liquefaction 

resistance. Earthquake Engineering and 

Engineering Vibration, 6 (2), 135–146. 

Troncoso, J.H., Verdugo, R., 1985. Silt content and 

dynamic behaviour of tailing sands. Proceedings 

of the 11th International Conference on Soil 

Mechanics and Foundation Engineering, 3, 

1311–1314. 

Vallejo, L.E., Mawby, R., 2000. Porosity influence on 

the shear strength of granular material–clay 

mixtures. Engineering Geology, 58, 125–136. 

Xenaki, V.C., Athanasopoulos, G.A., 2003. 

Liquefaction resistance of sand–silt mixtures: an 

experimental investigation of the effect of fines. 

Soil Dynamics and Earthquake Engineering, 23, 

183–194. 

 

 


