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Abstract
For highway construction or any superstructure, on dune sand, designers and construction teams must
ensure that the foundation soil is stable enough to provide support for the applied loads. Sand dunes are
stretched across Libyan deserts that make road construction a challenge because of the poor soil base.
Replacement of such a weak soil is very expensive and not economically feasible, and, in many cases, there
is no alternative soil nearby. This study used two different mix designs aimed at stabilizing the existing
base course using a mix of dune sand and manufactured sand with a small percentage of Portland cement.
Compaction, unconfined compressive strength and California bearing ratio tests were conducted on the
treated sample with a varying cement proportion of 0%, 3%, 5% and 7% by weight. The first tests were
done with a mix of 50% dune sand and 50% crushed sand that is shown to have excellent results. For a more
economic design, this study also included testing of another mix design with 70% dune sand and 30% crushed
sand; laboratory results show this 70%/30% mixture was appropriate to use as a base-treated material for road
construction material. This mix resulted in overall superior performance. Its use will reduce the cost of road
construction by saving materials and time, and it will also have lower environmental impacts in desert areas.
This study has shown that the stabilization of weak material (desert sand) by using cement improves the
strength characteristics of the treated soil.

Keywords: desert sand; base course; cement; soil stabilization; California bearing ratio; unconfined com-
pressive strength
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1. INTRODUCTION AND BACKGROUND
In the southern region of Libya, the presence of abundant silica
sand can be used as a local material in the construction of roads.
This will help in preserving regional resources and avoids exces-
sive pollution, helping vilify the impact on the environment due
to transported materials. When the available soil is very weak, the
stabilization process of soil depends on increasing the engineering
characteristic of the soil and making it stable. This process reduces
the compressibility and permeability of the targeted mass of the
soil, thereby increasing its strength, bearing capacity, durability
and to reduce the cost of construction by using the local available
materials [1, 2].

Using cement as a binding agent to stabilize soils is common
road pavement construction. Up to 2% cement added to soil
modifies soil properties. Quantities greater than this can result in
substantial property changes [3]. Soils with >2% organic mate-
rials do not respond well to stabilization with cement due to
the hydration effects introduced by the organic materials; this

hydration may adversely affect the strength of the resulting soil
[4]. The resulting characteristics of these cement-stabilized sands
can be described as having properties of both rock and soil [5].
The exact results depend on factors including soil type, method
of compaction, stabilizing agent and the exact percentage of agent
used. Adding cement affects the maximum dry density (MDD), as
well as its optimum moisture content (OMC); nonetheless, rates of
change are not standard [4]. The OMC and the maximum specific
gravity of dry soil vary with the amount of cement kiln dust [6].

2. LITERATURE REVIEW
Road construction greatly depends on the practice of improving
soils on which pavement materials are applied. Soil stabilization
can be defined as any process that results in a more stable soil.
In contrast, the traditional approach of chemical stabilization
is to add lime, bitumen or Portland cement [7]. Broadly, soil
stabilization allows engineers to enhance or create a given
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property to make it useful for an engineering application.
Through stabilization, many soils that previously had to be
rejected can now be used in engineering projects [8]. The
following are engineering qualities that can be made better
or made usable by stabilization: deformation resistance (i.e.
stiffness), shearing resistance (i.e. improving soil strength) and
wears resistance (i.e. durability); other factors affected are a
lowering of levels of dust, a lowering of the tendency of wet clay
soils to swell and an increase in the overall water resistance of
unsealed roads [9]. Soil stabilization requires a binding agent,
such as cement. Cement can be used as the primary binding agent
for stabilization, or it can be used in combination with lime and
fly ash. As such, the chemical reaction of the cement does not
depend on the minerals in the soil; it only needs water that can be
found in most soils [10].

To improve the geotechnical properties of fine sands that do not
meet industry values for roads [11], one method is to eliminate
poor-quality sand and instead use a higher value, crushed sand
that was treated chemically or mechanically [12]. Such methods
can increase the level of geotechnical property of the entire
structure and provide greater stiffness and strength through
approaches that can be applied at the construction site itself [12].
Therefore, reinforcement of the soil is a technique for improving
the engineering properties of the soil that lead to developing
parameters such as shear strength, compressibility, density and
permeability [13]. Thus, the main purpose of strengthening
the mass of the soil is to increase its stability, increase its
carrying capacity, as well as decrease lateral deformation and
settlements [14].

Several studies have examined the use of sand in road
construction and proposed various methods for its stabilization
and efficiency [15]. Some authors suggest sand stabilization
using bitumen or polymer emulsions. Due to the difficulties
with the delivery of polymer and bitumen binders and the
presence of local, hydraulic cement that was produced in
many developing countries, pressed sand concrete was adopted
as the preferred choice for the sand material [16]. In other
studies, the mechanical properties offered by the treatment
of hydraulic binders or by the production of sandy concrete
are improved [17].

E. Jones et al., [18] carried out research on the effect of using an
epoxy resin and polyamide hardener to stabilize soils composed
of clay and silt. They used a one-to-one ratio of epoxy resin to
polyamide hardener for their additive mixture, concluding that
admixing as much as 4% stabilizer to the clay-silt soil made sub-
stantial improvements to the load-bearing of the soil, defined by
its unsoaked California bearing ratio (CBR). Increasing the curing
environment temperature leads to greater strength formation. The
curing time was as low as 3 hours for the stabilization agent.

Typically, at the point of cement stabilization, all necessary
components are added. Hydration occurs with the addition of
water, and calcium silicate hydration strengthens the soil or bonds
soil particles. The properties of the subgrade are improved at a
low cost by stabilizing with cement and substituting, adding or
discarding material. An additional thickness of the base directly

relates to lower subgrade stress [19]. Bitumen can also be incorpo-
rated with moist or diverse aggregates. Specific optimal moisture
is also needed to certify an equal dispersion of the bitumen
throughout the mix. The resilient modulus parameter is raised
through bitumen stabilization of the raw material [20]. Adding
emulsion to the layers of pavement improves the water-resistant
qualities and improves surface cohesion; this allows a road to be
opened for use soon after construction, while at the same time
limiting the raveling of the base layer [21].

Soil stabilization is done upon determining that it is more
economical to improve the qualities of an abundantly available
material than to transport a better material to the job site [22]. It
is often the best economic solution. Other economic advantages
include reducing the project duration. Soil stabilization can be
30% cheaper than transporting new materials to a site [22]. Soil
stabilization brings a number of environmental benefits compared
to traditional methods due to the energy savings by making use
of locally sourced materials and the consequent reduction in the
impact of transport [23].

The quality construction materials are becoming rare in desert
regions. Therefore, where traffic volumes are low, roads become
less cost-effective due to the higher price of manufactured aggre-
gate. The desert has a lot of dune sand; however, it has relatively
little of the good quality material that is necessary for the road
structure. So far, road construction in the south of Libya has
depended on a combination of good quality material (gravel and
sand), brought from the northern part of Libya. The soil in the
southern part of Libya is not of a quality that makes good roads;
therefore, to use it, engineers must improve soil characteristics
such as strength, compressibility and permeability. This is because
the foundation of all the structure is ultimately supported by the
soil. The underlying hypothesis is that a cement–soil mix is the
best way for construction roads.

The main goal of this paper is to study the feasibility of develop-
ing and using an improved dune–sand cement mix as a pavement
construction material in desert regions where dune sand is preva-
lent. This study uses two different mix designs, 50% natural and
50% manufactured sands (50%/50%) and 70% natural and 30%
manufactured sands (30%/70%) to compare the results for each
mixture to stabilize the base course layer using dune sand and
manufactured sand with a small percentage of Portland cement
content. The laboratory tests were conducted for compaction,
CBR and unconfined compressive strength (UCS).

3. MATERIALS AND EXPERIMENTAL
STUDIES
More efficient soil stabilization can be designed only with a better
understanding of the pertinent physicochemical processes and
related stabilization mechanisms. Research on chemical condi-
tioning of natural desert sands indicates that increasing soil aggre-
gation is the principal factor in soil improvement. Stabilizing sand
with cement is the best technique in terms of strength and other
practical factors. With the benefit of such research, it has been
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Figure 1. Flow chart of the experimental program.

found that the best materials for stabilization are fine aggregates
(manufactured and natural sand) and cement. Therefore, these
are the construction materials used in this study. A schematic
representation of the methodology conducted in this study is
shown in Figure 1.

3.1. Materials
The fine aggregates in the current study were brought from the
southern part of the Libyan Desert. Particles size ranges from 0
to 5.0 mm, i.e. fine round natural sand and angular manufactured
particles shape as per the Standard Classification System; the
results of the two mixtures are shown in Table 1. The grain size
distribution for two mixtures of sand is illustrated in Figure 1.
A great variety of cement is commercially available, depending
on the soil in question and the targeted strength of the final soil.
For this project, a Libyan-made Portland cement was chosen and
applied in small quantities. The properties of the Portland cement
are in Table 2.

3.2. Experimental studies
3.2.1. Compaction tests
Laboratory compaction tests have conducted to determine
the percentage of compaction and the water content required

to achieve the desired properties, as well as to control the
design to achieve the desired compaction and water con-
tent. Tests for compaction of sand-cement mixtures in the

Table 1. Physical and geotechnical properties of two mixtures with fine
aggregate.

Properties Mixture
(30%/70%)

Mixture
(50%/50%)

Fineness modulus 5.19 4.84
Medium size (D50) 5.00 3.50
Uniformity of the coefficient (Cu) 4.59 3.81
Coefficient of curvature (Cc) 1.12 0.61
Liquid limit (LL) (%) – –
Plastic limit (PL) (%) – –
Plasticity index (PI) (%) – –
Soil classification (USCS) GW SP

Soil Fraction Parameter

Silt and clay size (%) 0.25% 0.18%
Gravel (%) 58.23% 59.53%
Sand (%) 41.53% 40. 30%
∗USCS :Unified Soil Classification System
∗GW: Well-graded gravel
∗SP: Poorly-graded sand
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Table 2. The properties of the Portland cement.

Compound %

SiO2 18.20
CaO 59.03
MgO 1.80
Al2O3 5.09
Fe2O3 3.15
Na2O 0.18
K2O 0.29
SO3 2.65
Loss on ignition (LOI) 7.91
Materials not solvent 1.02

Properties Test result

Time setting: Vicat test (min)
–Initial set 172
–Final set 247
Air contents of mortar (%) 7.3
Autoclave expansion (%) 0.8
Compressive strength (MPa)
–Three days 10
–Seven days 30.5
–Twenty-eight days Min 42.5–max 62.5

desert were carried out in accordance with [28]. The com-
paction test was carried out for both mixtures, the first mix-
ture consisted of 50% of the sand manufactured and 50%
of natural sand and using different percentages of Portland
cement, comprising 0%, 3%, 5%, 7%. The second mixture
consisted of 30% of manufactured sand and 70% of natural
sand with the same percentage of Portland cement. Water
was added as needed to facilitate the mixing and compaction
process.

3.2.2. CBR test
The experimental test in this work is used to determine the
bearing capacity of compacted soil’s layers. All samples with opti-
mum moisture content were placed in a five-layer mold. Each
layer of the mixture was compacted with a hammer of 4.5 kg
with 25 blows. Total weight of each the sample was 4.5 kg. After
the compaction was completed, the upper ring of the mold was
removed, and the surface of 8 samples was smoothed by using
the steel ruler. Finally, samples were tested using CBR testing
according to [29]. The dial gauge that measured penetration was
tared to zero and then the load was applied. Values for each
0.5 mm of penetration were noted and the final CBR values were
obtained, pertaining to the greater of 2.5 mm and 5.0 mm pen-
etration. These eight mixes underwent penetration testing with
the loading machine. The initial mix used 50% manufactured
sand and 50% natural sand and using 0%, 3%, 5%, and 7% of
Portland cement. The second mixes used 30% manufactured sand
and 70% of natural sand with the same percentages of Portland
cement.

Figure 2. Gradation curves for two mixtures of sand.

Figure 3. UCS machine test and specimen.

3.2.3. UCS test
The test (UCS) is to determine the compressive strength of the
mixture, which has sufficient cohesion for testing in an unlimited
state. The mixture was prepared in accordance with [30], using
samples with a diameter of 50 mm and a height of 100 mm
as shown in Fig 3. For each sample, thorough mixing assured
a homogeneous paste, taking care to limit the time to set up
of the specimens (mix and compact) to less than 1 h, which
is shorter than the initial setting time of the Portland cement
used. Three specimens of every cement-soil mixture were tested
at 0.1 mm/min. The diameter should be at least 30 mm, and the
ratio of height to diameter should be from 2 to 2.5. The samples
were placed in a humidity room for 7, 14, and 28 days. The average
of UCS for three samples treated with cement after 7, 14 and 28
days of curing time was obtained using a hydraulic machine for
the value of compressive strength with a load of 140 ± 70 kPa/s as
shown in Fig. 3. Finally, the value of compressive strength (MPa)
was computed by dividing the maximum load (N) by the cross-
sectional area (mm2).
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Figure 4. Effect of cement content on dry density of treated soil.

Figure 5. Effect of cement content on moisture content of treated soil.

Figure 6. Variation of CBR value with cement content (50%/50%).

4. RESULTS AND DISCUSSION
4.1. Moisture–density test results
Figures 4 and 5 portray the influence of different percentages of
cement on the water content and dry density for both mixtures
50%/50% and 30%/70%, the important factors that affect the
strength of the cement-soil stabilization is the dry density of
the compacted soil. In fact, MDD of cement hydration varies by

Figure 7. Variation of CBR value with cement content (30%/70%).

Figure 8. The compressive strength vs the percentage of cement (50%:50%).

Figure 9. The compressive strength vs the percentage of cement (30%: 70%).

adding water. This can be explained by using a form of exper-
imental results of the total void ratio of a mixture containing
soils with different grain sizes. When small particles are found
added to a matrix of large particles, the overall ratio of void
decreases until all voids are filled with small particles. This means
that the density of the dry density increases to a certain ratio
of mixing small particles to large particles. Fig. 4 presented the
values of MDD with cement content for both mixes 50%/50%
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and 30%/70%, respectively. From these figures, there is a slight
increase in the MDD of sand-cement mixes with an increase in
the cement content. The variation of OMC for each of the various
cement contents has relatively the same trend is illustrated in
Fig. 5, for both mixtures 50%/50% and 30%/70%. Finally, the sand
mixture 30%/70% have obtained high values of MDD than those
from the sand mixture 50%/50%.

4.2. CBR Results
The results of the mixture 50%/50%, natural and manufactured
sands using different percentages of Portland cement, of 0%, 3%,
5%, 7% are illustrated in Fig. 6; the values of CBR at the pene-
tration of 2.5 mm for this mixture are 51.59%, 53.70%, 58.86%,
and 59.19 %, respectively. At 5 mm penetration, the values are
49.29%, 50.86%, 54.85%, and 52.50%. Fig. 7 shows the results of
the mixture 30%/70% manufactured and natural sands with the
same percentages of Portland cement, where the CBR value, at the
penetration of 2.5 mm are 59.26%, 61.64%, 64.02%, and 67.72 %,
respectively. At the penetration of 5 mm, the values are 58.5%,
60.01%, 57.59%, and 60.01 % respectively. The CBR values of
mix 30%/70% for both penetration 2.5 mm and 5 mm are shown
in superior performance than the values of the mix 50%/50%.
Moreover, the highest value of CBR at (30%/70%) was achieved
by the stabilized soil with 7% cement for both penetration at 2.5
mm is 67.72% and 58.26 at 5 mm, respectively. This result suggests
using a higher percentage of natural sand and gives a better
outcome in terms of CBR values compared to other mixtures.

4.3. UCS results
From the UCS test results indicated in Figures 8 and 9, it is obvious
that the cement and curing days have significant effects on the
UCS of the specimens. This shows mutual dependence when
an increase in the cement content increases the strength of the
mixture due to cement hydration, which fills the pores of the
voids, thus increasing the rigidity of its structure, forming a large
number of rigid bonds in the soil. For the cement-only treated
soils, after 28 days of curing, the UCS increased significantly from
0.6 MPs to 3.8 MPs and 0.5 MPs to 1.5 MPs, respectively by
increasing the percentage of cement from 3 to 7% for the two
mixtures 30%/70% and 50%/50%. However, for mixture 30%/70%
after 28 curing days, the stabilized specimen with 7% cement
provided the highest value of UCS at 3.8 MPs, which was about
7 times more than the untreated soil. As results, an increase in the
cement content led to an increase in UCS.

5. CONCLUSION
This research evaluated the effects of using soil stabilization on
locally sourced desert sand in a base course mix in flexible road
pavement. For this compaction, CBR and UCS tests were per-
formed on the two mixtures of sands with diverse percentages of
cement. The experiment results illustrate that low-grade materials
were satisfactorily stabilized a mixture of 70% dune sand and 30%

crushed sand; these two sand mixes were then treated with a mix
of Portland cement (namely 0%, 3%, 5% and 7%) resulting in
the desired soil stability. The test results indicate that the MDD
and the OMC of mix 50%/50% and mix 30%/70% were found to
increase with the increase in the cement content. The counterin-
tuitive results of the CBR tests can be accounted for by the fact
that the soil particles in the 30%/70% mix are more consistently
surrounded by the cement. Because of this, the sand particles
can tolerate a higher force, shown in the greater CBR results.
The increase in the CBR in terms of the cement percentages is
predictable, with the higher amounts of cement showing better
results. The high percent of the natural sand in the mix 30%/70% is
the right way to find the mechanical performance and the strength
of sand–cement mixtures. The increase in UCS is not linear for
both the mixtures of sands. The value of UCS strength increases
by adding the proportion of cement content and curing time,
which indicates that the relative compressive strength was found
after 28 days. Overall, this study has shown that there are both
economic and practical reasons to favor using the mix with a
higher percentage of desert sands.
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