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Clayey soils often showed undesirable engineering behavior such as
low bearing capacity, swelling and shrinkage characteristics. However,
chemical improvement, thermal improvement and improvement by
additives like lime, cement and sand offer an efficient technique to
overcome the problems resulting from Expansive soils. This paper
presents a review of the swelling behavior of sand-clay mixtures as well
as the effect of sand on the physical and mechanical characteristics of
expansive soils. Results highlight the importance of sand in improving
the behavior of expansive soils. Finally, the most important general
conclusions about the behavior of expansive soils and suggestions for
future researches are highlighted.
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1. Introduction

Expansive
value losses

clayey soils spread over large areas of land within the world. The total
resulting from the destruction of structures built on expansive soils are

estimated to be several billions of dollars worldwide so expansive soils are

considered a

high-cost problem when establishing structures on them. For example,

the annual estimated loss of roads, buildings, airports and other structures in China,
Britain and America exceeds $1 billion, £150 million and $15 billion, respectively
[1] [2] [3] [4]- According to Nelson and Miller [5] the financial loss resulting from

the devastati

ng effects of expansive soils would be greater than the loss caused by

earthquakes or floods.
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Besides, clayey soils cover 630 thousand hectares, which is approximately 6-9%
of Hungary's land, and another 1.7 million hectares are covered with clayey loamy
soils. Its significant expanse and unique properties led to early scientific recognition
in Hungary as well, and thus expansive soils can be found within the Hungarian soil
science literature from its inception, from Jozsef Szabo’s scientific work [6].

The foundation soil layer plays an important role in creating safe and cost-effective
constructions. In case the site is unsuitable or the engineering works in which
backfill plays an essential role, such as dams, roads and railways, requires large
quantities of soil of certain specifications and bringing them to the site from long
distances may be uneconomical, which call for improving the behavior of site soil
itself.

There are many ways to improve the expansive soil behavior and choose between
them depends on economic, practical and environmental standards. Common
methods are chemical improvement, thermal improvement and improvement by
additives such as lime, cement and sand.

Many researchers have conducted many laboratory and field experiments that
confirmed that expansive soils with certain additives of other materials such as sand,
silt, lime, fly ash, etc. can improve their behavior and used efficiently in the above
engineering works[7] [8] [9].

Sand is a natural granular material and due to its high bearing capacity, it can be
used as a filler material to improve the behavior of expansive soils. Therefore, sand
can be used in various percentages by mixing it with expansive soil and thus altering
the properties of plasticity, compaction, strength and permeability (Hydraulic
conductivity, k) of mixtures [8] [9] [10] [11]. It is also well known that expansive
soils comprise of different proportions of coarse fractions, which vary as function of
soil, and therefore, studying the effect of sand on the behavior of the expansive soil
has a high degree of importance.

2. Literature review

The swelling properties of expansive soils are due to several factors related to the
initial soil conditions such as initial dry density and initial moisture content, the
granularity and the content of clay so many correlations have been suggested
depending on them for prediction of swelling potential in addition to various index
properties such as liquid limit, plasticity index, shrinkage index, activity etc.
However, the first factor that conditions swelling of expansive soil and affects these
physical, chemical and mechanical properties is the mineralogical composition and
the amount and type of minerals present in expansive soil. It is known for instance,
that the phenomenon of swelling depends not only on the content of clay but also on
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the surface activity of the clay itself which will be more intense as the specific area
of the particles will be high [12].

At the beginning, it is necessary to understand the process and behavior of swelling
to enable us to interpret the results related to the effect of sand on the behavior of
expansive soils. Then, the effect of sand on the most important parameters affecting
the behavior of expansive soils will be reviewed.

2.1 Swelling process

The swelling-pressure behavior of expansive soil are often described in three
steps: before, during, and after absorption of the water.

Fig. 1 shows the three steps. In the first step, expansive soil is formed of a mix of
swelling clay minerals (such as montmorillonite), void, other non-swelling minerals
and sand particles. Through this step, air and free water occupy the voids [13].

Before During After
water uptake water uptake water uptake

Initial void Montmorillonite swollen by
absorbing water into interlayers
©) :Nonswelling mineral B8 : Montmorillonite,

Swelling clay mineral
Figure 1. Mechanism on the swelling pressure of expansive soil from [13]

During water absorption, swelling clay mineral adsorbs water into interlayers and
swells and occupies the void in the expansive soil. Therefore, expansive soil
increases in size and swelling pressure occurs. Anyway, the interlayer and double
layer forces are liable for the swelling behavior of the bentonite.

Finally, after the water is totally absorbed, and therefore the entire voids are filled
with water, the volume of expansive soil cannot increase further. then, the swell
pressure of the expansive soil can be measured
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2.2. Swelling behavior

The mechanism of the swelling has been extensively discussed in the literature
[14] [15] [16] [17]. The swelling behavior of sand-clay mixtures is caused by two
mechanisms known as crystalline swelling that relates to the degree of hydration and
osmatic swelling is related to the cation in the interlayers. Also, the relative humidity
plays major role in the swelling behavior.

2.2.1. Crystalline swelling

Crystalline swelling is that the first mechanism that occurs when montmorillonite
absorbs water, that is, it is an outcome of short-term hydration. This mechanism
results in an increase in the space between the interlayers of swelling minerals such
as montmorillonite. As a result, an increase in the volume of the expansive soil is
gained and as a result, the swelling pressure appears. Crystalline swelling is mainly
caused by the energy related to the initial hydration of interchangeable interlayer
cations and hydrogen bonds or the effects of charged surface dipole attraction
associated with the solid-liquid interactions that occur in the immediate vicinity of
the clay particle surfaces [15] [16]. Fig. 2 shows the conceptual model of the

sequential crystalline swelling process of montmorillonite.
fundamental 2:1
crystal layer net negative surface charge

zero-layer hydrate state

(@

1-layer hydrate state

““molecular I'a'y;rﬁo_f-qza molecules

(b)

2-layer hydrate state W CBO%O : I dy=15.5A

(©)
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(d)
Figure 2. Mechanism of crystalline swelling of montmorillonite [16]
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It has not been confirmed but it is first supposed that the surface of the clay is
completely enveloped with a layer of water molecules. Then the second molecular
layer is covered and so on. In sum, the water molecules are distributed layer by layer.
For sodium montmorillonite, the water molecules are enveloped from zero to four
layers [18]. And according to foster [12] the cation of clay play an important role in
The dissociation where the important relationship between clay composition and
swelling is very satisfactorily explained by the concept of cation dissociation. When
calcium is the accompanying cations, the degree of dissociation is not large enough
to cause a significant degree of swelling; Whereas when sodium is the predominant
bound cation, the degree of dissociation is much greater and sodium montmorillonite
has swelling properties.

As shown in Fig.3, during the absorption of water, the negative dipoles of the
water molecules are oriented towards the cation. Consequently, the electrostatic
interaction between the layers and the interlayer cations decreases [15].

First layer of water considered within IHP

Second layer of water considered within OHP
First water layer -- partial

hydration of cation Second water Iaya—l
2 B

Ea
o

i Repeating unit layer—> Water molecule

Negative charge sites located in octahedral layer

Figure 3. Arrangement of water on the clay layer [19]

The outcome is an increment in the space between the layers of swell clay minerals
and an increase in the volume of it. The swelling process can absolutely arrive at a
separation of the layers because of the forces that developed as a result of absorbing
water. In addition, if there are organic compounds, the distance between layers of
montmorillonite can be diminished since the organic compound makes the surface
hydrophobic [15] [16].

2.2.2. Osmotic swelling

Osmotic swelling is the second mechanism resulting from the adsorption of water
by swelling clay minerals. This mechanism creates a persistently increasing distance
between layers of the swelling clay mineral. The difference in concentration between
ions near the surface of swelling clay mineral layers and in the porous water is the
main cause of osmotic swelling. This mechanism is resulted in because of diffuse
multiple-layer interactions and van der Waals gravity.
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Swelling clay mineral comprises of a lattice of Al,O; and SiO, units; A net
negative charge creates on the clay surface when divalent minerals, for example,
magnesium are substitute in the lattice for aluminum or silicon [20] . Within the
presence of an aqueous electrolyte solution, negatively charged mineral surfaces pull
cations and polar water, composing a double-layer system (Fig. 4). Interference
between two double layers makes a driving force that pushes the clay platelets away
from each other; It additionally causes an increase in the cation concentration
between the platelets and consequently, free water must be drawn into the system to
reestablish balance. For example, Clay layers are negatively charged, and it prompts
a repellent force between layers. However, cations near the surface of the layer
counterbalance this negative charge. Replaceable cations are not too strong on the
external surfaces. Consequently, they will in general diffuse from zones of high
concentration towards zones of low concentration in the bulk solution. The outcome
is a diffuse set of ions around a clay particle. This arrangement is called the diffuse
electric double layer.

DIFFUSE DOUBLE OVERLAPPING

A LAYER DIFFUSE DOUBLE
z
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= > charged
i ’:/Clay platelet
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Free” ] iy
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Figure 4. A double-layer osmotic swelling model of two clay mineral
platelets [14]

Fig. 5 shows the diffuse double layer. It is defined as a group of negative charge
set on an outer surface of clay and a cloud of positive ions placed on the outer
surface.
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Figure 5. Diffuse double layer from [15]

To form the diffuse double layer, cations close to the surface balance the negative
charge and then the exchangeable cations tend to diffuse. As a result, a repellent
force appears between the two overlapping layers of the clay particles. This repellent
force varies with the balance and radius of the counterions in the double layer and
the concentration of electrolytes in the pore water [18].

From this literature review on the process and swelling behavior, we note that the
existence of coarse materials (sand) in expansive soil has a significant effect on
swelling. Whereas, Increasing the hydrophobic sand ratio reduces the hydrophilic
clay ratio and thus reduces the efficacy of crystalline and osmotic swelling and
improves the behavior of the expansive soil.

Knowing the swelling behavior is very important, as it enables to give a
preliminary explanation about the effect of sand on the behavior of the expansive
soil, but knowing the swelling behavior alone is not sufficient and it is necessary to
know the effect of more than one parameter together, such as density and initial
moisture with different sand ratios on the physical and mechanical properties of the
expansive soil. This is will be highlighted in the following sections.

3. Effect of sand on physical characteristics

3.1. Consistency (Aterberg) Limits

There are many studies that show the positive effect of sand on the consistency
of the expansive soil [7] [10] [21].

Louafi and Baher [10] conducted an experimental study to examine the effect
of sand on soil consistency. Fig. 6 shows the granular gradient curves for sand and
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clay (bentonite) used in the study. the physical characteristics of bentonite are
showed in Table 1.
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Figure 6. The granular gradient curves of sand and bentonite [10]

It is noticed from Fig. 6 that the sand used is medium poorly graded sand and the
bentonite used contains in its composition 65% clay particles of less than 2 pm in
diameter and 10% coarse (sand) with a diameter greater than 0.075 mm (75 pm).

Table 1. Physical characteristics of bentonite [10]

Property Value
Specific gravity 2.6
Consistency properties

Liquid limit (%) 187

Plastic limit (%) 47

Plastic limit (%) 140

Optimum moisture content (OMC) (%) 25
Maximum dry unit weight (¥ gmax) (KN/m?) 1.6

Louafi and Baher [10] conducted a series of tests to study the evolution of limits
of consistency using two different diameter sizes of sand ([0.1 mm < d < 0.2 mm]
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and [0.2 mm < d < 0.4 mm]) to study its effect on the consistency of expansive clay
soils. To do this, the soil is mixed with different percentages of sand (10-20-30-40-
50-60-70%) and then limits of consistency is defined using distilled water.

Fig. 7 and 8 show the change of both the liquid limit and the plasticity index in
terms of the percentage of fine and medium sand. The results show that adding sand
to clay (bentonite) considerably reduces both the liquid limit and the plasticity index.
The greater decrease is for sand of larger diameters, however the difference in result
between the two fine and medium sand is small. This reduction in the liquid limit
and the plasticity index is explained by the decrease in the content of fines that
contribute to the plasticity with the increase in the percentage of sand. Thus, the
number of bonds between the clay particles decreases with the increase in the bonds
of the clay-sand particles or the bonds of the sand and sand particles.
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Figure 7. Change of the liquid limit in terms of the sand content [10]

As for the difference in the liquid limit and the plasticity index related to the effect
of the size of the grains of added sand. This is probably due to the total specific
surface area of water absorption of the sample which depends on the size of the sand
grains. This specific surface is more important when the sand particles are finer,
permitting the mixtures to absorb more water and consequently increasing of liquid
limit.

Roy [7] also used three gradients of sand: fine, medium and coarse sand with
percentages from 0 to 15 % in his experimental study. It was also found that
increasing the percentage of sand reduces the values of the Liquid and plastic limits,
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however, the effect of sand gradation was not clear because of the fact that the
percentage of added sand is small, not more than 15% and the effect of the gradient
on the consistency is small as noted in Table 2.
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Figure 8. Change of the plastic index in terms of the sand content [10]

Table 2. LL, PL and PI of clay sand mixtures [7]

Type of Sand Mixed | % of Sand | LL (%) | PL (%) | Pl (%)
0 4000 | 2490 | 15.10

. 5 3585 | 2450 | 11.35
Fine Sand 10 3515 | 2435 | 10.80
15 3480 | 2410 | 10.70

0 4000 | 2490 | 1510

. 5 3615 | 2435 | 11.80
Medium Sand 10 36.00 | 2430 | 11.70
15 3560 | 2405 | 1155

0 4000 | 2490 | 1510

5 3625 | 2430 | 11.95

Coarse Sand 10 36.05 | 2514 | 1091
15 3585 | 2465 | 11.20
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Whereas in the study of Srikanth and Mishra [22], they use fine (FS) and medium
(MS) sand, but with percentages of sand of more than 50%, and with two different
types of clay (B1 low plasticity and B2 High plasticity) and they have obtained the
same previous results. However, the effect of the size of the sand particles becomes
more evident with an increase in the plasticity of the clay used, as shown in Fig. 9.

Regarding the shrinkage limit, Srikanth & Mishra [22] [23] and Yang et al [24]
found that the shrinkage limit increases with an increasing percentage of sand. As
shown in Fig. 10, which shows the results of the shrinkage limit of fine clay-sand
and medium clay-sand mixtures. For an identical clay content in the mixture, fine
clay-sand mixtures showed higher shrinkage limits.
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Figure 9. Variation of the liquid limit for clay-sand mixtures with fine sand and
medium sand according to the content of bentonite [22]
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Figure 10. Variation in shrinkage limit of fine sand-clay(bentonite) and medium
sand- clay mixtures with bentonite content [22]
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3.2. Optimum moisture and maximum dry density

Roy [7] made a visible comparison of the effects of mixing different types of sand,
for instance, fine, medium, coarse and with variable proportions in soil on maximum
dry density (MDD) and optimum moisture content (OMC), Fig. 11 shows the
experimental results in terms of maximum dry density (MDD) and Fig. 12 shows the
experimental results in terms of optimum moisture content (OMC) for various

percentages of sand.
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Figure 11. Variation of maximum dry density of clay-sand mixtures [7]
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Figure 12. Variation of optimum moisture content of clay-sand mixture [7]
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From Fig.11, it is observed that when mixing expansive soil with fine sand from
0 to 15%, MDD increases from 15.70 kN / m3 to 16.50 kN / m3. But for the same
expansive soil when medium sand is mixed in increasing percentages, the MDD
increases from 15.70 kN / m3 to 16.70 kN / m3. In the case of mixing coarse sand,
the effect on MDD increases even more. Thus, increasing the size of sand grains
results in an increase in the maximum dry density.

The result of mixing sand in numerous percentages on the OMC of expansive soils
is shown in Fig. 12. It is noted that adding all kinds of sand in increasing percentages
decreases progressively the OMC values compared to the tested soil and this value
decreases progressively from 18.52% to 11.00% when the percentage of medium-
grained sand increases from 0 to15%. this is often a sign of reduced water demand
to achieve the required compaction in the field when the percentage of sand increases
in expansive soil [7].
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Figure 13.  Grain size distribution of investigated sand and clay [25]

Khan et al [25] conducted standard proctor experiments for three clay-sand
mixtures with percentages of sand of (0-20-40)% to work out the maximum dry
density and optimum moisture content for each percentage of mixing. Clay-sand
mixtures were prepared based on the dry weights of the materials. Fig. 13 presents
the Grain size distribution of sand and clay materials. It is observed that there is a
continuous increase in the maximum dry density Fig. 14-(a). The reason is Due to
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the decrease in the volume of pores in the soil and the decrease of absorption as a
result to the replacement of a soft part that can hold a large amount of water with a
coarse part with little ability to retain water and this is confirmed by the optimum
moisture values of the mixtures wherever it is noted the optimum moisture values
decrease by increasing the percentage of added sand.
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Figure 14.Compaction characteristics of clay-sand mixtures: (a) Khan et al [25] -
(b) Gupta and Sharma [26]

Where: NC represents the Nature clay without any added sand (0% of added sand);
CS-1 represents the clay-sand mixture with added sand of 20%; CS-I11 represents the
clay-sand mixture with added sand of 40%.

Gupta and Sharma [26] also conjointly performed standard Proctor experiments.
Fig. 13-(b) shows the curves of the water content and the dry density of the expansive
soil for different percentages of sand ranging from 10% to 50%. It is observed that
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the maximum dry density (MDD) of the clay-sand mixtures increases with the
increase in the percentage of sand. While the opposite happens with optimum
moisture content (OMC), for the same reason mentioned previously.

Srikanth and Mishra [23] conducted standard Proctor experiments on expansive
soil with different percentages of sand (50-90%) for two grain size of sand (fine sand
FS and medium sand MS) and determined the optimum moisture content (OMC) and
maximum dry density (MDD) for all added sand percentages as shown in Table 3.

Table 3. OMC and MDD of various sand-clay mixture [23]

Sand: bentonite Bentonite-1 (B1) | Bentonite-2 (B2)
proportions oMC MDD omMC MDD
(%) | (kg/m3) | (%) | (kg/m3)
Medium sand
50:50 225 1565 12.9 1598
60:40 19.0 1628 11.6 1624
70:30 16.0 1662 175 1657
80:20 15.0 1710 18.5 1651
90:10 18.5 1670 17.9 1611
Fine sand
50:50 225 1585 20.9 1555
60:40 20.5 1595 20.2 1582
70:30 18.0 1655 18.8 1607
80:20 18.4 1701 20.5 1612
90:10 17.2 1641 224 1579

The data from the standard Proctor compaction test in Table 3 shows that for the
same percentage of sand, the FS-bentonite and MS-bentonite mixture showed a
different value for OMC and MDD indicating the likelihood that sand particle size
affected the compaction properties of the mixtures. Mixtures with MS resulted in
relatively higher MDD and lower OMC values for both types of bentonite (Clay)
that may be attributed to the effective filling of the clay particle within the spaces
formed between the sand particles. The data in Table 3 shows that mixtures with
percentage of sand of 80% exhibited the highest density among all mixtures. Once
the voids formed between the individual sand particles are completely filled by clay
particles, with another addition of sand more than 80%, there will be voids between
the grains of sand that are not filled with clay particles, but rather with water and air,
i.e. the clay particles will not occupy all the spaces between the sand grains, and this
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is the reason for the decrease in MDD. Similar results have been reported by Yang
et al [24], K. Raw &G. Raw [27] and Atemimi [28].

It is obvious that sand improves the maximum dry density of expansive soils,
however increasing the dry density of expansive soils as a result of increasing the
percentage of sand will cause more swell pressure and swell amplitude. This calls
for studying the effect of sand content in expansive soils on its mechanical
characteristics.

4. Effect of sand on mechanical characteristics

4.1. Swelling Potential and Swelling Pressure

Louafi and Baher [10] studied the effect of added sand and its grain size on the
swelling potential and swelling pressure by conducting free-swell experiments of
different grain sizes of sand and different added sand percentages from 0 to 70% for
each type of grain size. In all experiments, both the dry density of 15kPa and the
initial moisture of 26% were fixed.

Samples were prepared at laboratory temperature by hand mixing and pressed
statically into oedometric cell in three layers, each layer with a thickness of 5 mm,
to ensure homogeneous samples were obtained, using a hand press. the swell was
allowable under a seating surcharge of 3 kPa by immersion. After obtaining the final
heave (AH), the sample was consolidated under increasing vertical loads until the
initial thickness was reached.

The curves of Fig. 14 show that the swelling pressure and swelling potential of
expansive soils decrease with an increase in the percentage of added sand. Coarse
sand with a larger grain size seems to produce a greater reduction in both the swelling
potential and the swelling pressure. This difference expresses the impact of sand
grains on swelling. These above results can be explained by the fact that the clay
content decreases by adding sand, which is usually an inert material. Indeed,
increasing the percentage of sand reduces the swelling potential and swelling
pressure; This is on the one hand. On the opposite hand, much of this swelling is
absorbed by the voids between the sand grains. Once the sand fraction is coarser,
these voids become larger. consequently, there is a decrease in the swelling potential
and swelling pressure caused by soil swelling.
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of sand for clay-sand mixture prepared at same dry density and initial
moisture [10]
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Srikanth and Mishra [23] conducted free-swell experiments by standard
consolidometer according to ASTM D 2435. To highlight the importance of water
content on the behavior of the mixtures, each mixture was pressed at 5% dry OMC
and 5% wet OMC.

Samples were formed with dimensions of 60 mm in diameter and 15 mm in height
in a way that achieves uniformity with density and moisture. All samples were
formed according to their maximum dry density, with three different initial
moistures. The sample was formed in a consolidation cell with a seating pressure of
4.9 kPa, then submerged in water and left until complete swelling. Then the samples
were consolidated, gradually increasing the stress from 4.9 up to 784.5 kPa.

Tables 4 and 5 show the swelling pressure and swelling potential data exhibited
by various mixtures of sand and bentonite (clay). From the data shown within the
tables 4 and 5, we note that the swelling pressure and swelling potential decrease
with an increase in the percentage of sand no matter what the initial compression
condition. The data showed that, for any given percentage of the sand in the mixture,
the samples compacted on the dry side of OMC exhibited higher swelling potential
followed by those compacted in OMC.

Table 4. Swelling Potential results of sand clay mixture [23]

Sand-bentonite Swelling potential (%)
proportions MDD-OMC MDD-5 % MDD-5 %
dry of OMC wet of OMC
Medium sand (MS)
50:50 18.7 35.0 17.0
60:40 16.2 8.0 7.8
70:30 4.6 18.5 1.6
80:20 1.0 6.3 0
90:10 0 0 0
Fine sand (FS)
50:50 18.4 24.1 10.2
60:40 13.3 11.5 22.7
70:30 2.0 5.2 4.1
80:20 1.4 7.4 1.1
90:10 0.2 0.2 0.2

It was also found from tables 4 and 5 that sand with FS exhibits relatively higher
swelling pressure and swelling potential for any given percentage of the sand in the
mixture. Regardless of the size of the sand grains, mixtures containing bentonite less
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than 20% showed a general decrease in the observed swelling. Whereas, the mixture
with high bentonite contents (i.e. 50 and 40%) showed very high values of swelling
pressure and swelling potential. Comparison of the mixtures shows that for the same
percentage of sand and bentonite, the bentonite containing FS showed a higher value
for swelling potential and swelling pressure compared to the bentonite with MS.
Bentonite effectively fills the smaller spaces between individual FS particles
compared to the relatively larger void spaces between MS particles. Once the spaces
between the FS particles are filled in with the clay, along with a further increase in
the volume of the clay, it will begin pushing out the sand particles leading to a higher
value for swelling potential and swelling pressure [23]

Table 5. Swelling Pressure results of sand clay mixture [23]

Sand-bentonite Swelling pressure (kPa)
proportions MDD-OMC MDD-5 % MDD-5 %
dry of OMC wet of OMC
Medium sand (MS)
50:50 340.5 388.4 335.3
60:40 300.1 219.1 242.2
70:30 134.4 215.8 50.4
80:20 23.5 79.7 21.1
90:10 10.2 0 0
Fine sand (FS)
50:50 372.2 431.7 343.3
60:40 344.4 258.9 332.3
70:30 79.5 101.0 71.5
80:20 52.6 94.7 21.6
90:10 7.8 10.1 5.0

Phanikumar et al [9] conducted one-dimensional swell-consolidation tests, in
order to study the swelling pressure and potential swelling of clay-sand mixtures.
The dry density (yq) and initial water content (w;) of the samples were fixed at
12kN/m3 and 0%, respectively.

Clay-sand mixtures were thoroughly mixed with a spatula and statically
compacted into the consolidometer ring (diameter 60 mm, thickness 20 mm) in four
layers of 5 mm thick each. An initial token surcharge of 5 kPa has been applied.
Samples were allowed to undergo free swelling by immersion until the swelling had
stabilized. To assess the equilibrium heave (AH), AH (Y axis), and log time in
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minutes (X-axis) plots were made and when the curves became a straight line,
equilibrium heave was understood to have been reached Fig. 15.
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Figure 16. Rate of heave for clay-sand mixture [9]

Fig. 15 shows the heave ratio of clay-sand mixtures having completely different
sand percentages. The equilibrium for all mixtures was obtained at the end of 3 days
or 4,320 minutes of immersion besides that the equilibrium time becomes shorter as
the percentage of sand in the mixture increases. The height of the unmixed clay
sample (0% fine sand content) was the highest at 3 mm, giving a swelling potential
of 15%. Heave decreases as the percentage of fine sand in the mixture increases. It

reaches 0.60 mm at a percentage of sand of 25% which corresponds to the swelling
potential (S%) 3%.

Fig. 16 shows the change of swelling potential with an increase in the percentage
of sand. A noticeable decrease in swelling potential with increasing sand percentage
is observed. Swelling potential (S%) decreases from 15 to 3% at 25% sand content [9].
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Figure 17. Changing of swell potential with Percentage of sand [9]

Fig. 17 shows the variation of the swell pressure (kPa) as the percentage of sand
in the mixture increases. The swelling pressure decreased from 350 to 54 kPa once
the percentage of sand in the mixture increased from 0 to 25%. Because the non-
expansive material such as sand replaces the expansive clay material in the mixture,
the swelling potential decreases, and therefore the swelling pressure also decreases [9].
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Figure 18. Changing of pressure swell with Percentage of sand [9]

It is evident from previous studies on the swelling potential and swelling pressure
[9] [20] [23] [28] [27] [29] [24] that increasing sand in expansive soils improves
both of swelling potential and swelling pressure, but most of studies are conducted
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on one density and moisture for all percentages of added sand. However, it is better
to take more than one density and moisture for each added sand ratio separately, in
order to better study the effect of the initial density and the initial moisture and
achieve a more comprehensive understanding of the effect of the percentage of sand
in the mixture especially the increase in the percentage of sand in the expansive soil
causes an increase in its dry density, as indicated by the results of compaction tests.

4.2. Strength characteristics

Khan et al [25] performed unconfined compressive experiments of cohesive soils
according to the ASTM Standard Test method (D2166-13). Samples 50 mm in
diameter and 110 mm in height were used. The height-to-diameter ratio is equal to
2.2 and it falls within the range (2.0 to 2.5) specified by the ASTM standard. The
strain was applied at a rate of 0.5 mm/min and the test was stopped when the load
decreased with increased strain or until 15% strain was reached.

Fig. 18 displays the compressive strength (half the peak axial pressure) according
to the dry density (Fig. 19 (a)) and water content (Fig. 19 (b)). The compressive
strength increases with the increase in the dry density of each material. NC (natural
clay) shows the highest increase in compressive strength followed by CS-I (20%
sand content) and CS-11 (40% sand content). In contrast, an increase in water content
shows a reverse trend. NC shows the highest increase in compressive strength
followed by CS-I and then CS-11 with a decrease in water content [25].

Sand content o

Dry density (g/cm‘)

Moulding water content (%)

0 ' ]l)‘()ll I Zl)l(b() I 3()‘()() I 4000 0 1000 2000 3000 4000
Compressive strength (kPa) Compressive strength (kPa)
-a- NC o CS-1I -A— NC o CS-1I
-©- CS-1 -0~ CS-1
(a) (b)
Figure 19. Compressive strength versus dry density and water content according to
sand content [25]
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Despite the lowest maximum dry density of the clay, however, it showed the
highest compressive strength. The higher degree of heterogeneity within the clay-
sand mixture compared to the clay resulted in lower strength values as a result of the
failure plane had to pass through the weakest zone within the sample [30].

Unconfined compression tests were also performed on statically reconstituted
samples according to IS: 2720-part 10 by Nagaraj [8]. Cylindrical specimens were
76 mm high and 38 mm in diameter, and therefore have a height to diameter ratio
of 2. Samples were prepared using a static compactor at the optimum moisture for
each obtained from the proctor test. All samples were sheared at a strain rate of
0.25mm/min.

Fig. 19 is a plot of unconfined compression strength versus the percentage of sand
for clay-sand series. It can be seen from the Fig. 20 that, in general, there is an
increase in the strength of unconfined compression with an increase in the
percentage of sand up to 40 or 50%, and an extra increase in the percentage of sand
resulted in a decrease in strength. Once the percentage of fine particles (i.e. clay) is
more, coarse particles (i.e. sand) float within the fine particle matrix, and thus, fines
dominate the mechanical behavior of the clay-sand mixture. Sand gradation has
shown a significant influence on the strength of the clay-sand mixture in any
percentage of sand. Clay-medium sand mixtures have shown to have the maximum
strength, followed by clay-fine sand and clay-coarse sand mixtures [8].
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Figure 20. Unconfined compression strength versus percentage of sand with different
graded sand [8]

Nagaraj [8] did not mention in his paper the dry density values of the mixtures that
he worked on in the study of their strength. Whether as he adopts a constant dry
density for all mixtures, or he adopts the maximum dry density corresponding to
each mixture which is more likely. Also, its result is opposite to that reached by
Khan et al [25], as in Khan's study, the unconfined resistance decreases with an
increase in the percentage of sand up to 40%, while it increases in Nagaraj [8] study.
Although the Nagaraj result is more logical, as Khan [25] mentioned the presence of
heterogeneity sometimes in the mixtures in his research besides that he used only
three percentages of sand (0-20-40)%, with a big difference between three
percentages. This calls for a more comprehensive study of the effect of moisture and
density with the proportion of sand in expansive soils for a more comprehensive
understanding of the behavior.

The effect of sand at percentages of 0-10-20-30-40-50% on the strength of
expansive soil was studied by Yang et al [24]. The samples were formed according
to the maximum dry density and optimum moisture. And Yang et al [24] reached a
conclusion that increasing the percentage of sand leads to a decrease in the
unconfined compression strength and cohesion, and the sand percentage has a slight
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effect on the angle of internal friction. However, the expansive soil that he used
contains in its composition a high percentage of sand, about 27%, and thus the results
that Yang et al [24] reached do not show the effect of sand on strength at low
percentages within the composition of the expansive soil.

Unconfined compression tests also conducted by K. Raw & G. Raw [27] on soil
samples compacted at optimum moisture and maximum dry density to determine the
unconfined compression strength (UCS). Two types of expansive soils were used:
Soil-A and Soil-B. Soil-A and Soil-B have in their composition about 15% and 3%
sand, respectively. Soil-B has higher plasticity compared to Soil-A.

K. Raw & G. Raw [27] used in their study four percentages of added sand (Coarse
Fraction) 0-25- 40-70%. Fig. 20 shows the variance of unconfined compression
strength with sand for two soils. Unconfined compression strength for two soils were
140.06 and 83.39 kPa. From the Fig. 20 it can be seen that unconfined compression
strength decreases with the increasing percentage of sand for both soils. However,
there is a relatively steep drop in strength up to a certain percentage of sand equal to
about 25% for soil-A and 40% for soil-B. Percentage of sand greater than 40% has
a little effect on unconfined strength in both soils. This study also used only four
percentages of sand with a big difference between each percentage and the next.
Therefore, the results do not exhibit the effect of low percentages of sand on
unconfined compression strength.
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Figure 21. Variation of unconfined compression strength (UCS) with sand (coarse
fraction) [27]
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Roy [7] has determined soil strength characteristics in terms of CBR with added
sand in varying percentages (0-5-10-15)%, and CBR tests were performed in a non-
submerged condition in OMC (optimum moisture content) consistent with 1S 2720
(part) and the result is presented in Fig. 21.
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Figure 22. Variation of CBR (Unsoaked) with variable percentage of different sand
[7]

Fig. 21 clarifies that the CBR value of the tested soil without any added sand in
unsoaked condition is 4.65%. But for mixing different types of sand with their
increased percentage, this value has been amended to much higher values. It has
additionally been observed that the addition of fine sand offers the best strength,
whereas coarse sand offers the lowest strength. For fine sand, the CBR value
increases from 4.65% to 9.28% when the percentage of sand increases from 0 to
15%. This improvement might be caused by achieving better grain size distribution
for the soil mixture sample. an identical trend was additionally reported by Ravi
Shankar [21] and Yang et al [24].

5. Discussion

The results obtained from the review demonstrated that Sand is an effective
solution to overcome the problems resulting from the expansive soil such as low
strength and big swell amplitude and swell pressure, as it is improved the behavior
of expansive soil noticeably. Increasing the hydrophobic sand ratio reduces the
hydrophilic clay ratio and thus reduces the efficacy of crystalline and osmotic
swelling and improves the behavior of the expansive soil. and this improvement
becomes best when the percentage of sand in the expansive soil exceeds 20% as the
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absorption forces after this percentage are reduced greatly, and this is due to
improving the behavior of expansive soil.

Different results have been observed in the reference studies, and sometimes the
results are contradictory. The reason is the heterogeneity in the tested samples,
Insufficient percentage of sand used to illustrate the behavior, or the lack of
clarification of the densities and moistures that were worked on, this is a must, given
the great importance of their influence on the behavior.

Finally, although most studies have shown the good effect of sand on the behavior
of expansive soils, more comprehensive studies of the parameters should be worked
on to clarify a comprehensive behavior of the expansive soil according to the
percentage of sand.

6. Conclusions

The aim of this paper is to conduct an overview of the effect of sand on the
behavior of expansive soils, and the results can be summarized as follows:

1. The swelling behavior of clay-sand mixtures is caused by two important
mechanisms known as crystalline swelling that relates to the degree of hydration
and osmotic swelling is related to the cation in the interlayers.

2. The results got showed the viability of sand in the stabilization of expansive soils
and improvement of its behavior.

3. The addition of sand decreases all Atterberg limits. Except for the shrinkage
limit. The decrease is slightly affected by the grain size of sand.

4. In compaction characteristics (Proctor tests), Maximum dry density (MDD)
values show a significant increase with the addition of any types of sands utilized.
On the other hand, OMC values show a gradual decrease with an increase in the
values of sand percentages added, independent of the sand utilized.

5. Heave (mm), swell potential (S%) and swelling pressure (ps) decreased
significantly with an increase in the percentage of sand in the mixtures. The rate
of heave of the mixtures as well decreased with an increase in the percentage of
sand in the mixtures.

6. The unconfined compressive strength will increase with a rise in density.
Conversely, the compressive strength decreases with a rise in water content of
the fabric.

7. Use of fine or medium sand fractions is additionally useful to enhance the
undrained strength of clay-sand mixtures.

8. The CBR values are shown a significant amount with addition of any type of
sand. Anyway, a better outcome is noticed for mixing of fine sand, so an increase
of the percentage of sand in expansive soil might be distinguished as cost-
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effective due to reducing the thickness of various layers of flexible pavement
because of better improvement in the CBR value.

7. Suggestions for future researches

This research has presented the groundwork for the effecting of sand on the
physical and mechanical properties of expansive soil. There is much work that
remains to be completed to gain a complete understanding of the effect of sand on
the behavior of the expansive soil. Due to the large number of parameters affecting
the behavior of the expansive soil, which must be carefully and systematically
studied. There are a number of research works that can be presented as suggested
below.

1. In recent years, most of the studies were done with expansive soil without
separating the sand existing within, and therefore the studies did not take the true
percentage of sand on the behavior. One of the aspects to consider for further
work is separating the sand from the expansive soil and then adding the desired
percentage of sand precisely.

2. It would also be interesting to use more than one initial density and initial
moisture for each percentage of added sand to study its effect on behavior.

3. Another aspect to consider in future work is to adopt enough percentages of
added sand. It is advised to adopt the following percentages: 0-10-20-30-40-50%
at the beginning and increase them if needed.
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