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Abstract— Prior to the construction of infrastructure works, the reuse of site materials for construction requires soil with good 

characteristics (physical and mechanical). To avoid construction problems, soil treatment techniques are often used to improve the 

inadequate geotechnical properties of the soils encountered on site for a given function in the structure. Clay materials are often complex 

natural mixtures of minerals whose grain size and physical, chemical and mechanical properties often vary. Treatment by substitution 

of a fraction of an inert material such as sand is an appropriate solution for considering the re-use of clay soils in construction projects. 

The aim of this experimental study is to investigate the influence of the type and percentage of sand used on changes in the physical and 

mechanical characteristics of a clay. The results obtained show that the treatment carried out by adding sand has a positive influence on 

the physical and mechanical characteristics of the clay studied. The addition of sand reduces plasticity and improves the compaction 

characteristics and shear parameters of the mixes studied. 

Index Terms— Clay, dune sand, mechanical behavior, Proctor, shear strength 

 

I. INTRODUCTION 

Clay soils are composed of fine particles and are generally 

characterized by high plasticity, low strength and high 

sensitivity to water content variation, observable through 

volume changes [1]. Swelling and shrinkage deformations are 

likely to cause a lot of damage to constructions [2, 3]. 

However, there are many applications for clay soils in the 

field of civil engineering construction, either as natural soil 

(foundations, slopes, retaining walls, excavations) or as 

compacted material for construction of embankments, dams, 

trenches and walls [4]. 

The treatment of clayey soils involves a set of techniques 

widely tested and commonly used in civil engineering 

construction projects[5, 6], with the objective of making it 

possible to reuse these materials in backfills. These 

techniques consist in improving the physical and mechanical 

performances of soils to reach the targeted goals in terms of 

compactness, water tightness, bearing capacity and strength 

[7]. 

These techniques can be classified into three groups: a 

mechanical process (compaction) [8, 9], a physico-chemical 

process using binders (cements, lime, fly ash) and a last 

process by adding inert materials (sand, marble powder)[1, 

10]. 

This study examined the impact of two distinct sand types, 

quarry sand and dune sand on the changes in the mechanical 

and physical properties of clay. 

II. EXPERIMENTAL PROCEDURE 

A. Sample preparation (clay and sand) 

The material is prepared in such a way as not to alter its 

characteristics. After removing samples were dried in an oven 

at a temperature of 50°C, then crushed and sieved. The clay 

samples come from the region of FREHA in the wilaya of 

Tizi –Ouzou (Figure 1), while the dune sand comes from 

Oued Maiter in the wilaya of Boussaâda in Algeria (Figure 

2). 

 
Fig.1. Clay used (a-Clay before crushing; b-Clay after 

crushing and sieving) 

 
Fig.2. Types of sand used (a- Quarry sand, b- Dune sand) 

B. Physical identification parameters 

The results of laboratory tests carried out on the different 

samples used (clay and sand) are presented in tables 1 and 2. 
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Table 1. Identification parameters for the clay studied 

Parameters Values 

Water content of clay (%) 23.11 

Density of solid particles sr
  (g/cm3) 

2.59 

Dry density dr
 (g/cm3)[11] 

1.85 

Apparent density hr
 (g/cm3) 

1.45 

Wet density 
r

(g/cm3) 2.16 

Liquidity limit WL (%) 41.00 

Plasticity limit WP (%)[12] 26.12 

Plasticity index IP (%)[12] 14.88 

80μm clay sieve (%)[13] 57.77 

Methylene blue value (%)[14] 7.10 

Table 2. Identification parameters for sands used 

Sand Parameters Values 

Quarry 

Water content (%) 6.14 

80μm clay sieve (%) 0.32 

Sand equivalent value (%) 97.00 

Curvature coefficient Cc 1.19 

Uniformity coefficient Cu 6.00 

Dune 

Water content (%) 6.74 

80μm clay sieve (%) 0.56 

Sand equivalent value (%) 59.63 

Curvature coefficient Cc 1.83 

Uniformity coefficient Cu 0.85 

The particle size analysis of the clay, dune and quarry 

sands used in our study, is shown in figure 3, below. 

 

Fig. 3. Sieve size curves for clay and sand used 

To find the plasticity index of clay and clay mixed with 

sand, the Atterberg limit test was performed according to the 

standard test method described by NF P 94-051 [12]. 

Figures 4 show the variation in physical characteristics 

(Atterberg limits) of the clay studied, as a function of the 

nature of the sand (quarry and dunes) and the percentage of 

addition. 

 
Fig. 4. Variation of liquidity limit as a function of addition 

percentage 

Figure 4 shows that the liquidity limits of the clay used in 

our study, are influenced by the different types and 

percentages of sand used. 

The effect of adding 4%, 6% and 8% of dune sand results 

in a decrease in the value of the liquidity limit of by 36.62%, 

33.9% and 30.76% respectively. 

The liquidity limit value obtained by adding 4% quarry 

sand is 34.40%. With the addition of 6% and 8% quarry sand, 

the liquid limit values obtained after testing are 30.52% and 

28.80% respectively. 

 
Fig. 5. Variation of plasticity limit as a function of addition 

percentage 

According to the results obtained in figure 5, the plasticity 

limits decrease with increasing proportion of added sand 

(quarry or dune), in different percentages. 

The plasticity limit of the clay studied, in its natural state, 

is 26.12% compared to dune sand, the value of the plasticity 

limit with the addition of 4% is 22.23%. This limit decreases 

to 20.16% and 19.91% at 6% and 8% respectively. 

Quarry sand has an influence on the plasticity limit, 

compared with the natural state. Reductions of 21.22%, 
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19.01% and 17.28% for addition percentages of 4%, 6% and 

8%, respectively. 

 
Fig. 6. Variation in plasticity index as a function of addition 

percentage 

The results presented in figure 6 also show decreases in 

plasticity index with the proportion of sand added. Untreated 

clay has a plasticity index IP =14.88%, the addition of 

(4%,6%,8%) dune sand produces decreases in the plasticity 

index which are respectively (13.91%,13.37%, 11.22%.). 

The results also show decreases in plasticity index with the 

proportion of sand added. The addition of (4%, 6%, 8%) 

quarry sand produces significant decreases in the plasticity 

index respectively (IP = 12.88%, IP = 11.52%, IP = 11.45%). 

The decrease in the plasticity index is due to the 

simultaneous decrease in the liquidity and plasticity limits. 

This reduction is due to the change in behavior of the mixture 

from a clay-type soil to a sandy-clay-type soil. 

III. MECHANICAL TEST 

To study the effect of adding dune and quarry sand to clay 

on Proctor optimum and shear behavior, 18 formulations 

were prepared with different proportions of sand addition. 

Table 3 summarizes the detailed proportions of the clay mixes 

prepared. 

Table 3. Different types of samples produced 

Samples ID Samples description 

NC Natural clay (NC) 

NC+4SD Natural clay + 4% of dune sand 

NC+6SD Natural clay + 6% of dune sand 

NC+8SD Natural clay + 8% of dune sand 

NC+4QS Natural clay + 4% of quarry sand 

NC+6QS Natural clay + 6% of quarry sand 

NC+8QS Natural clay + 8% of quarry sand 

A. Proctor test 

The purpose of the Proctor test is to determine the optimum 

compaction characteristics of a soil, defined by a water 

content and a dry density for a specified compaction energy 

[16]. The test involves compacting samples with different 

water contents, in a standardized mould, using a standardized 

ram and a standardized number of strokes. The Proctor curves 

show the variation of dry density of the soil as a function of 

water content. They have a maximum, which indicates the 

optimal searched. 

The effect of sand addition on the compaction 

characteristics of clay sand mixtures is shown in figure 7. 

These characteristics were obtained using the normal Proctor 

test [16]. The normal Proctor curves provide the maximum 

dry density and optimum moisture content of the mixtures. 

 
Fig. 7. Influence of dune sand on compaction parameters 

Figure 7 shows the evolution of the dry density of mixes at 

the normal Proctor optimum as a function of the proportion 

of dune sand. The dry density increases with the percentage 

of sand, rising from 1.774 in the mix (clay-4% dune sand) to 

1.848 in the mix (clay-8% dune sand). It decreases from over 

14.784 to 14.558% with the addition of 4% and 6% dune 

sand, and decreases with the addition of 8% dune sand to 

13.698%. 

 
Fig. 8. Influence of quarry sand on compaction parameters 

The results in figure 8 show that the curves of the normal 

Proctor test are strongly dependent on the addition of quarry 

sand and its proportion in the mixture (clay - sand). It can be 
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seen that the addition of quarry sand at different percentages 

leads to an increase in maximum dry density, which rises 

from 1.768 for the addition of 4% sand to 1.798 for the 

addition of 6% sand, to 1.807 for the addition of 8% sand. 

The optimum water content decreases from 16.396% for the 

addition of 4% sand to 16.168% for the addition of 6% sand, 

then to 15.90% for the addition of 8% quarry sand. 

B. Shear test 

The prepared samples will be subjected to the Casagrande 

box shear test at different normal stresses (100, 200 and 300 

kPa), enabling us to assess how the soil's shear strength varies 

as a function of the normal stress applied. This makes it 

possible to characterize soil behavior under different stress 

conditions and determine shear strength parameters (cohesion 

and angle of internal friction) at different percentages of dune 

and quarry sand additions [15]. 

Figures 9 to 15 show the variation in shear stress as a 

function of displacement for natural clay samples and clay-

sand mixtures (SD and QS). These figures show how shear 

stress increases with displacement until the sample reaches its 

maximum strength. 

 
Fig. 9. Shear stress curves for NC 

 
Fig. 10. Shear stress curves for NC+4%SD 

 
Fig. 11. Shear stress curves for NC+6%SD 

 
Fig. 12. Shear stress curves for NC+8DS 

 
Fig. 13. Shear stress curves for NC+4%QS 

 
Fig. 14. Shear stress curves for NC+6%QS 
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Fig. 15. Tangential stress curves for NC+8%SD 

According to the curves obtained, the values of the 

tangential stresses of the mixtures (clay - sand) vary, on the 

one hand, according to the addition of different percentages 

of sand used (quarry or dune) as well as with the increase in 

vertical loading (100KPa, 200KPa ,300KPa), on the other 

hand. 

The evolution of the angle of friction as a function of the 

percentage of sand added is a critical aspect to consider in 

geotechnical analysis. The angle of friction represents a 

material's resistance to shear stress and is a key parameter in 

understanding soil behavior. 

Figures 16 and 17 show the evolution of the angle of 

internal friction and cohesion as a function of the percentage 

of sand added. 

 
Fig. 16. Evolution of the friction angle as a function of the 

percentage of sand added 

 
Fig. 17. Evolution of the cohesion as a function of the 

percentage of sand added 

Figures 16 and 17 show that the cohesion value decreases 

as the proportion of dune and quarry sand in the clay mixture 

increases. 

According to the shear stress curves, the shear stresses 

increase after the addition of dune sand with different 

proportions, so they are higher than the shear stresses found 

in the natural state of the clay. 

Increasing the percentage of sand incorporated into the 

clay (4%, 6% and 8%) has the effect of decreasing cohesion 

and increasing the angle of internal friction compared to the 

natural state. 

Dune sand and quarry sand result in a good improvement 

in the shear strength of clays, with an increase in the angle of 

friction and a reduction in cohesion. Quarry sand has a higher 

angle of friction than dune sand, due to the angularity of its 

grains and the roughness of its surfaces, which improves 

shear strength compared with dune sand. 

IV. CONCLUSION 

The aim of this study is to investigate the influence of the 

type of sand used, with different percentages of addition, on 

the physical and mechanical characteristics of a clay. 

The results obtained in this study show that the addition of 

sand improves the physical characteristics of the treated clay. 

The variation in Atterberg limits translates into a decrease in 

the liquid limit, a decrease in the plastic limit, and 

consequently a plasticity index. The reduction in plasticity 

index indicates an improvement in the clay's workability. 

Depending on the type of sand used, quarry sand shows a 

greater reduction in Atterberg limits than dune sand, as quarry 

sand contains fewer fine particles than dune sand. Sand 

granulometry therefore plays a very important role in 

improving Atterberg limits, as dune sand is characterized by 

a rounded grain shape dune sand is characterized by a 

rounded grain shape, unlike quarry sand, which has angular 

grains. 

The addition of sand modifies the compaction 
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characteristics of the Proctor test. The results confirm the 

positive role of sand in different proportions (4%, 6%, 8%) in 

improving the Proctor characteristics of the clay studied. 

The addition of dune sand or quarry sand to clay improves 

shear parameters, with an increase in shear strength, a 

reduction in cohesion and an increase in friction angles as the 

proportion of sand in the mix increases. The best 

improvement was achieved with quarry sand. 
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