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ARTICLE INFO ABSTRACT

Article History The use of dune sand in the field of civil engineering, particularly in road technology, is a
Received: September 20, 2025. very interesting way of valorization. This material makes it possible to solve the problem of
Revised: October 20, 2025. shortage of road materials which is based on the use of noble natural materials from quarries.
Accepted: November 1, 2025. It allows it to be valued as local material which is found in abundance in Algeria. This work
Published: November 30, 2025. makes it possible to achieve ecological, technical and economic objectives and results in a
Keywords: solution for sustainable development. It contributes to improve knowledge of the mechanical
Valorization, and rheological characteristics of dune sand treated with fine silt soil and blast furnace slag
Dune sand, activated by lime. The study was carried out on formulations and mechanical tests (modified
Mechanical parameters, Proctor particle size distribution tests, CBR tests, shear strength tests, compressive strength
Pavement layers. tests, consolidation tests and hydraulic conductivity tests). The results obtained made it

possible to improve the mechanical parameters of the studied formulations for use in
pavement layers.
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I. INTRODUCTION

It is known that the realization of large construction projects such as roads, highways, railways, dams, etc., aim to facilitate the
development of agriculture, commerce and industry. These projects require a considerable quantity of materials with good characteristics
and high load-bearing capacity. To be able to achieve these characteristics, it is necessary to look for materials from nature such as sand
and quarry aggregates with high quality, which are becoming increasingly rare, and which cause the destruction of nature and the
disturbance of the environment. Local materials can be a real alternative. They recycled materials from waste with poor characteristics
which can be treated to improve their characteristics to use them in the field of construction. For this, the technique of treating these local
materials with the aim of stabilizing them and improving their geotechnical characteristics is necessary. This can be achieved by using
various types of artificial waste in construction works [1] such as recycled aggregates [2], plastic waste [3], fly ash, blast furnace slag [4-
7], ceramic waste [8], [9] demolition waste [10], etc.

The local materials concerned by the treatment with the aim of stabilizing them are numerous, among these materials one can cite:
dune sands, dredged sands (marine and river sediments), artificial and industrial waste, tuffs, clays, etc. Generally speaking, the
improvement of the geotechnical properties of the soil is necessary when the structures are based on a soil presenting different problems
such as expansive, deformable, liquefiable soils, fine dispersive silty sands, cohesionless sands, such as dune sands. The latter, for
example, are problematic soil types that exist around the world and are susceptible to collapse under the most adverse conditions such as
contact with water. To the bearing capacity of these sands can be undertaken by a variety of feature improvement techniques such as
compaction, reinforcement, drainage and treatment by addition of natural, artificial and synthetic materials or a combination of physical
and chemical methods [11]. Among the stabilization methods, chemical stabilization, experiments have been made with incorporating
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various natural and artificial materials into the soil. The most commonly used construction materials include lime, cement, and various
pozzolanic materials widely used for the treatment and stabilization of soils in recent years [12], [13]. On the other hand, the use of
artificial materials such as blast furnace slag remains neglected except for some work which is insufficient [5], [14], [15]. Dune sand
comes from the gradual decomposition of rocks due to erosive agents such as wind [16], rain, etc. This local material is essential due to
its abundance in nature (Sahara), it’s almost zero extraction cost, and its apparent cleanliness, forms a response to the challenge of the
depletion of natural resources in the world and presents itself as a local material of the future [5], [17]. Dune sands, known as eolian
sands, are generally considered as unconventional materials.

They are considered to be of poor quality (high porosity, low bearing capacity, homometric grain size), giving insufficient
mechanical performance. These materials are defined as non-standard and non-traditional soils, that is to say as materials that do not fully
comply with the specifications in force in a country or region for standard use in road construction. However, it can be used successfully
after having undergone particular treatment. Generally, these sands are suitable for construction because they consist of granular materials
with a low content of fine particles, or even non-plastic, and have a relatively high permeability. Many research studies noted that dune
sand is a material widely used as a stabilized material [18-23], with the aim of using it in civil engineering construction work, particularly
in road engineering.

Il. MATERIALS AND METHODS
11.1 MATERIALS

11.1.1 Dune sand and silt

The dune sand is from the Djelfa region located 300 km to the south of Algeria. It is a very fine sand, devoid of fine elements
whose size is less than 80 pum. More than 90% of its components have dimensions ranging from 0 to 0.4 mm, which classifies it as D1.
This type of soil, without cohesion and poorly graded [17], [24], is characterized by its permeability. It is therefore a very tight particle
size. The grain size is very tight; almost 90% of the grains have a size between 0.1mm and 0.5mm. This leads us to assert that sand alone
cannot have a sufficiently large compactness, and subsequently mechanical performances (resistance in compression and traction, lift,
etc.) are not adequate. Treatment with hydraulic binders and the use of a granular corrector will certainly contribute to improve the
characteristics of this material [17], [25]. It is worth mentioning that our sand is a siliceous sand, rich in SiO; (silica), and contains some
limestone residues and magnetic species. In our research, we included sand from the dunes located approximately 57 km northwest of
Djelfa, while silt is located approximately 60 km north of Djelfa.

11.1.2 Blast furnace slag

The slag used in this study comes from the El-Hadjar steel factory in Annaba. It is a crushed and sieved slag at 0.1 mm, with a PH
of 9.75, obtained by rapid cooling of the molten slag in water basins, which leads to the formation of the material. In our case the slag is
activated by lime (calcium activation), and it is formed in the presence of water as a product of hydration of calcium silicate and
tetracalcium aluminate which are responsible for the binding property.

11.1.3 Lime

The lime used in our research comes from the Saida region. It is a binder with a low content of basic components, including free
lime (Ca0O), which gives our product its airy quality. The results of chemical, geotechnical and mechanical analyzes are summarized in
Figures 1, 2. Figure 3 presents the X-ray diffraction patterns of dune sand and silt. Tables 1 and 2 illustrate the results of chemical,
mechanical and physical analyzes of the used soils.
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Figure 1: Grading curves of dune sand and silt.
Source: Authors, (2025).
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Figure 2: Proctor curves for dune sand and silt.
Source: Authors, (2025).
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Figure 3: X-ray diffraction (XRD) of dune sand and silt.
Source: Authors, (2025).

Table 1: Chemical composition of the materials.

Material (%) | Dune sand Silt Blast furnace slag Lime
SiO2 93.56 78.02 30.12 2.15
Al2O3 0.99 252 15.45 0.58
Fe2 O3 0.56 2,33 0.72 0.26
CaOo 2.45 10.34 45.80 68.52
MgO 0.13 0.36 3.82 0.41

Source: Authors, (2025).

Table 2: Physical and mechanical characteristics of the soil used.

Physical characteristics Dune sand Silt
Apparent density (g/cm?) 1.49 1.37
Absolute density (g/cm?) 2.57 2.26
<80 pm (%) / 73.61
% Passing at 80 pm 1
% Passing at 2 mm 100 100
Coefficient of uniformity Cu 1.89 /
Coefficient of curvature Cc 1.10 /
Visual sand équivalent (%) 82 /
Sand equivalent test (%) 68 /
Blue value for 100g (VB) 0.05 0.92
Liquid Limit : LL (%) / 33.6
Plastic Limit : PL (%) / 17.9
Plastic Index : Pl (%) / 15.7
Optimum water content : Wopm (%) 8.7 114
Maximum dry density: ymax (g/cm®) 1.67 2.01

Source: Authors, (2025).
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The aim of this work is to valorize this abundant material (dune sand) in the road sector, by adding a grain size corrector (silt) and
an activated hydraulic binder (blast furnace slag activated with lime), in order to improve its mechanical properties by replacing a fraction
of large elements with fine elements (silt and activated blast furnace slag) by mass substitution. The formulations (dune sand + silt) are
treated with percentages of blast furnace slag activated by a 1% lime percentage [5], [26]. The proportions of the chosen materials of the
different formulations are given in Table 3.

Table 3: Proposed mixtures.

Formulation | Dune sand (%) | Silt (%) | Blast furnace slag (%)
FO 50 50
F1 50 40 10
F2 50 35 15
F3 50 30 20
F4 50 25 25

Source: Authors, (2025).
I11. RESULTS AND DISCUSSION
1.1 PARTICLE SIZE DISTRIBUTION TESTS

According to (Schlosser 1988) [27], In order to obtain a uniform particle size distribution, two parameters of curvature and
uniformity are applied in soil mechanics for sand-based formulations are to be fulfilled:

Cu=Deo/D10>6 D
Cc = D302/ (DeoxD10) compris entre 1 et 3 2

The results of the particle size distribution tests are shown in Figure 4 and summarized in Table 4.
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Figure 4: Grading curve for the mixtures.
Source: Authors, (2025).

Table 4: Results obtained from particle size tests.

Formulations Uniformity coefficient (Cu) | Curvature coefficient (Cc) | Percentage of particles < 80 um (%)
Dune sand (DS) 1.50 0.93 01
Silt (S) / / 7171
FO 61.71 4.06 41.46
F1 17.8 3.595 32.81
F2 15.1 3.03 27.06
F3 18.07 1.76 26.78
F4 11.18 2.498 33.02

Source: Authors, (2025).

By aiming for dense and compact formulations, the two Schlosser criteria must be respected, for sandy mixtures. According to the
results shown in Figure 4 and Table 4, all the formulations meet the criteria with an advantage for the two formulations F3 and F4. This
appears to be mainly related to the incorporation of large particles of ground slag from blast furnaces that fortify the soil, and to a
physicochemical reaction resulting from water adsorption and ion exchange between the slag and the smaller clay particles to generate
larger particles.
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111.2 COMPACTION TESTS

The compaction characteristics are very important in most civil engineering construction projects using soil as a construction
material such as road projects, highways and airport runways. Therefore, the study of the impact of the stabilizer on the compaction curve
is of great importance. Figure 5 and 6 illustrates the compaction results.
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Figure 5: Modified Proctor curves of the different mixtures.
Source: Authors, (2025).
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Figure 6: Variation of maximum dry density and optimum water content for the mixtures.
Source: Authors, (2025).

As shown in Figure 6, the formulations tend to decrease the optimal water content and increase the maximum dry density.
Regarding compaction, the ideal water content of dune sand decreases from 8.7% to 6.2% for the F4 rate (which represents a decrease of
30%). The maximum dry density for the FO mixture increases from 1.67 g/cm? to 1.83 g/cm3, an elongation of 9%, while for the F4
mixture it increases by 15% with an optimal of 6.2%, reaching a maximum dry density of 1.97 g/cm3. This change is seen as a sign of
improved compaction properties of the stabilized soil. The increase in dry density is explained by the fact that agglomerated and
flocculated soil particles occupy a larger space.

As for the increase in optimal water content, this is due to the activated slag, which requires more water for its immediate reaction
in the drying process by absorption and evaporation, as well as for the ion exchange process generated by the reactions between the
activated slag and the minerals of the fine soil thus causing the flocculation and agglomeration of the minerals of the fine soil particles,
this improvement in the compaction characteristics was confirmed by specific density measurement tests, the results of which obtained
in (Figure 7) show the increase in the specific density of the different mixtures measured, where an increase was recorded ranging from
2.58 g/cm? for the FO mixture up to 2.64 g/cm? for the F4 formulation case, thus making the soil more compact. Similar observations have
been reported previously by other authors [28].
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Figure 7: Variation in specific density for the different mixtures.
Source: Authors, (2025).

111.3 BEARING CAPACITY TESTS (CBR)

The CBR index represents the measurement used to determine the resistance of a material to the weight of construction equipment
moving directly over its surface. In association with the Modified Proctor test, punching measurements on the compacted specimens are
carried out in order to estimate the CBR Index. To do this, CBR tests were carried out on the analyzed compositions, compressed in CBR
matrices, according to the adjusted Proctor conditions, in accordance with the NF P94-078 standard [29]. The objective of this test is to
examine the capacity of the soil to support traffic and to evaluate the stability of our formulas. The test involves striking combinations of
densified slag sand at a rate of 56 strikes per level in a CBR mold, using humidity levels corresponding to the optimal level of the modified
Proctor test. Figure 8 shows the evolution of CBR index unsoaked and soaked (4 days).

—+— CBR Unsoaked
—o— CBR Soaked (4 days)

L i i A A A

DS FO F1 F2 F3 F4

Figure 8: Variation of CBR index (Unsoaked and soked) for the different mixtures.
Source: Authors, (2025).

It is clear from Figure 8 that the progressive incorporation of blast furnace slag leads to an increase in the lift of the formulations,
hence the stability of the latter. For the CBR values obtained for the different mixtures, we note an increase ranging from 8.3% in the case
of single dune sand up to 15.2% in immediate CBR and 6.46% CBR in immersion for the FO formulation. This immediate CBR value of
untreated dune sand multiplies more than three times in formulation F3, i.e. (27.5%) and will become 24.63% in Immersion CBR. The
major lift is recorded in F4 formulation of which we note 39% for the case of immediate CBR and 33.8% in the case of immersion. The
increase in the CBR index for the various mixtures is due to the change in particle size following the incorporation of correctors (silt)
with lime-activated slag. This phenomenon is mainly related to the formation of reinforced contact bridges between the grains, as well as
the increase in the number of large particles and the reduction of fine particles, thus promoting the flocculation of clay particles, according
to cation exchange mechanisms.
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111.4 SHEAR STRENGTH AND COMPRESSIVE STRENGTH TESTS

When constructing linear earthworks, load-bearing capacity and strength are of crucial importance. It is essential to ensure that
these structures withstand the expected external loads, during or after construction, without undergoing deformations or fractures that
could cause significant harm to people or property. Therefore, our research aims to enhance our tests with shear and simple compression
strength assessments. The direct shear test is an experimental method used in geotechnics to measure the resistance of a soil to deformation
and sliding when subjected to shear stress. This resistance is a crucial parameter for understanding how the soil will behave under applied
loads, such as those from buildings, roads or other civil engineering structures. The direct shear test provides essential information on the
mechanical properties of the soil, including the angle of internal friction (¢) and cohesion (C), which are key parameters for geotechnical
modeling and structure design. The experiment used to establish these parameters is the direct shear test, an unconsolidated and undrained
test case cited by the American standard NF P94-071-1 [30].

In this research, the unsaturated state (with constant water content) was used as the test condition. The usual restrictions of
employees to carry out these tests are: 61=100 kPa; 62=200 kPa; c3=300 kPa. The shear speed used is Imm/min. Figure 9.a and b
respectively show the intrinsic curves of the different mixtures being studied. For the tests the compressive strength, cylindrical specimens
with dimensions ¢=100mm, H=100mm were prepared according to standard 13286-53 [31] for the different formulations. The mixture
is statically compacted with OPM according to standard EN 13286-41 [32] in a double piston mold making it possible to homogenize the
stress over the entire height of the specimen. These samples were kept away from humidity in bags at a temperature of 20 +2 °C for
different curing periods of 7, 14, 28, 60 and 90 days until the date of the test. Figure 9 shows the intrinsic curves of the studied mixtures.
Figure 10 shows the evolution of the simple compressive strength as a function of the age of the different mixtures.
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Figure 9: Intrinsic curves of the different formulations.
Source: Authors, (2025).
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Figure 10: Variation in compressive strength for different mixtures.
Source: Authors, (2025).

According to the results depicted in Figure 9, the cohesion values for the various mixtures are all higher than those of untreated
dune sand. One can see that the cohesion value increases from 1.67 kPa (dune sand) with an angle of friction from 36.49° to 55 kPa with
an angle of friction of 29.24° for the mixture FO. The cohesion decreases then to 26.71 kPa with an angle of friction of 35.28° in the case
of mixture F1. For the F2 and F3 it increases by marking the values (45.1 kPa and 55.93 kPa) and friction angles of 42.30° and 42.12°
respectively. It falls then into F4 mixture of which we noted a cohesion of 27.2kPa and a friction angle of 41.66°. It is clear that the silt,

Page 115



ITEGAM-JETIA, Manaus, v.11 n.56, p.109-118, November/December, 2025.

active blast furnace slag, has brought a benefit to the dune sand by filling the voids existing between these grains, and offering much
higher cohesion values than that of untreated dune sand. The maximum cohesion value was noted in the F3 mixture (50 dune sand+30%
silt+20% lime). As for the compressive strength (Figure 10), it is noted that a large amount of additive causes a rapid increase in this
resistance, thus promoting its improvement. The increase appears considerable for mixtures F3 and F4, with measurements of 0.90 MPa
and 1.12 MPa respectively for a curing time of 60 days, and 1.01 MPa and 1.24 MPa for a period of 90 days for these two mixtures.

The consolidation test is a fundamental test for soils in order to determine the compressibility parameters (the compressibility
index Cc and the swelling index Cg). Consolidation tests were carried out on similar samples using a ring of diameter (®=50 mm) and
height (H=20 mm) for the different mixes. The specimens are drained at the top and bottom and kept saturated during the oedometric test.
The samples were prepared according to the modified Proctor protocol (at maximum dry density and maximum water content) for the
two tests. Figure 11 shows the loading-unloading curves for the different mixtures. Figure 12 presents the evolution of the hydraulic
conductivity k (m/s) (permeability).

-‘IW—‘ — DS FO —F2 —F3... F1 — F4

Void Ratio, e
1

1 0 100 1000

Effective contrainte stress log(c) (kPa)

Figure 11: Consolidation curves of the plane (e- logoy) of the mixtures.
Source: Authors, (2025).
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Figure 12: Variation of hydraulic conductivity according to the different mixtures.
Source: Authors, (2025).

It is noted that, according to our results obtained in Figure 10, the compression index of the F4 mixture is Cc=1.06x10 equal to
that of the base mixture FO. This allows us to specify that the additions do not have an influence on the compressibility (settling) of the
base mixture FO. On the other hand, we note that the swelling index of the base mixture FO (Cg=6.5x1073) is slightly higher than obtained
on F4 mixture (Cg= 1.4x1073).

The obtained results for the hydraulic conductivity (Figure 11) show that the hydraulic conductivity k varied proportionally to the
vacuum index and inversely to the percentages of activated slag added. The permeability k decreases from 6.2x10° (m/s) for untreated
dune sand to 4.53x10°% (m/s) in FO formulation. This reduction reached 3.12 x107 (m/s) and 1.34x107 (m/s) respectively for the F3 and
F4 mixtures. This confirms that the fine elements have indeed filled the existing voids between the grains of dune sand, making it a dense
and coherent compact material.
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IVV. CONCLUSION

The present work is performed with the aim to a more in-depth knowledge of dune sand and its integration among road materials.
The results are generally satisfactory and confirm the physical role of the elements (silt and activated blast furnace slag) which consists
of filling the voids between the grains of the mixture. This filling increases the compactness of the mixture and consequently its
mechanical resistance. The main findings are:

e The use of dune sand alone cannot be considered, but it could be mixed with other materials which improve its mechanical
characteristics.

e The particle size analysis test allowed us to choose the formulations which meet the stability before compaction (Cu > 6 and 1< Cc
< 3) on which we will carry out the Modified Proctor tests to test their stabilities after compaction.

e The additions (silt and activated furnace cap slag) increase the maximum dry densities and decreased the optimal water content
proportionally to the increase in percentages.

e The improvement in the CBR lift of the formulations demonstrates their resistance to punching, which allows them to better resist
loads induced by traffic.

e The mechanical strengths (shear resistance and compressive strength) obtained for the treated dune sand are improved to be beneficial
for a high-performance pavement structure in both intense and moderate traffic. These formulations will lead to the design of thinner
pavements allowing considerable savings in materials.

e Consolidation and hydraulic conductivity tests show the compactness and densification of the formulations obtained by minimizing
voids and subsequently having more stable formulations

V. AUTHOR’S CONTRIBUTION

Conceptualization: Ali Smaida.

Methodology: Ali Smaida and Hayet Cherfa

Investigation: Khalil Latreche, Abderrahmane Hamadi and Hadi Koribi.
Discussion of results: Ali Smaida, Hayet Cherfa and Smail Haddadi.
Writing — Original Draft: Ali Smaida.

Writing — Review and Editing: Ali Smaida.

Resources: Hayet Cherfa and Smail Haddadi.

Supervision: Ali Smaida.

Approval of the final text: Ali Smaida, Hayet Cherfa and Khalil Latreche.

VI. ACKNOWLEDGMENTS

The authors would like to thank the Director of the Laboratory of Environment, Water, Geomechanics and Structures (LEEGO),
USTHB, Algeria, as well as the Civil Engineering and Sustainable Development Laboratory (LGCDD), University of Djelfa, Algeria.

VIl. REFERENCES

[1] Aprianti S.E (2017) A huge number of artificial waste material can be supplementary cementitious material (SCM) for concrete production — a review part I1. Journal
of Cleaner Production, 142, 4178-4194. doi: 10.1016/j.jclepro.2015.12.115.

[2] Bibhuti Bhusan Mukharjee, Sudhirkumar V. Barai (2014) Influence of Nano-Silica on the properties of recycled aggregate concrete, Construction and Building
Materials,Volume 55,Pages 29-37,ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2014.01.003.

[3] Sharma, R., & Bansal, P. P (2016) Use of different forms of waste plastic in concrete—a review' Journal of cleaner production, 112, 473-482.
https://doi.org/10.1016/j.jclepro.2015.08.042.

[4] Alaa M. Rashad (2018) An overview on rheology, mechanical properties and durability of high-volume slag used as a cement replacement in paste, mortar and concrete,
Construction and Building Materials, VVolume 187, Pages 89-117, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2018.07.150.

[5] Cherfa, H., Nechnech, A., Saoudi, N., Ait Mokhtar, K (2021) Mechanical properties of slag sand mixture used in road pavements. Magazine of Civil Engineering,
108(8). Article No. 10806. https://doi: 10.34910/MCE.108.6.

[6] Daheur, E.G., Goual, I., Taibi, S., Mitiche-Kettab, R (2019) Effect of Dune Sand Incorporation on the Physical and Mechanical Behaviour of Tuff: (Experimental
Investigation). Geotech Geol Eng. 37. Pp.1687-1701 https://doi.org/10.1007/s10706-018-0715-4

[7] Daheur, E. G., Li, Z. S., Demdoum, A., Taibi, S., & Goual, | (2023) Valorisation of dune sand-tuff for Saharan pavement design. Construction and Building Materials,
366, 130239. https://doi.org/10.1016/j.conbuildmat.2022.130239.

[8] Ameta, N. K. Wayal A. S., Puneet Hiranandani (2013) Stabilization of Dune Sand with Ceramic Tile Waste as Admixture'. American Journal of Engineering Research
(AJER),, e-ISSN : 2320-0847 p-ISSN : 2320-0936. Volume-02, Issue-09, pp-133-139.www.ajer.org.

[9] Awoyera, P. O., Ndambuki, J. M., Akinmusuru, J. O., & Omole, D. O (2018) Characterization of ceramic waste aggregate concrete. HBRC journal, 14(3), 282-287.
https://doi.org/10.1016/j.hbrcj.2016.11.003.

[10] Bassani, M., & Tefa, L (2018) Compaction and freeze-thaw degradation assessment of recycled aggregates from unseparated construction and demolition waste.
Construction and Building Materials, 160, 180-195. https://doi.org/10.1016/j.conbuildmat.2017.11.052.

Page 117


https://doi.org/10.1016/j.conbuildmat.2014.01.003
https://doi.org/10.1016/j.jclepro.2015.08.042
https://doi.org/10.1016/j.conbuildmat.2018.07.150
https://doi.org/10.1007/s10706-018-0715-4
https://doi.org/10.1016/j.conbuildmat.2022.130239
https://doi.org/10.1016/j.hbrcj.2016.11.003
https://doi.org/10.1016/j.conbuildmat.2017.11.052

ITEGAM-JETIA, Manaus, v.11 n.56, p.109-118, November/December, 2025.

[11] Abbasi N, Bahramloo R, Movahedan N (2015) Strategic planning for remediation and optimization of irrigation and drainage networks : a case study for Iran. Agric
Agric Sci Procedia, 4:211-221. https://doi.org/10.1016/j.aaspro.2015.03.025 .

[12] Abbasi, N., & Mahdieh, M (2018) Improvement of geotechnical properties of silty sand soils using natural pozzolan and lime. International Journal of Geo-Engineering,
9(1). doi:10.1186/s40703-018-0072-4 .

[13] Sakr MA, Shahin MA, Metwally YM (2009) Utilization of lime for stabilizing soft clay soil of high organic content. Geotech Geol Eng, 27:105-113.

[14] Baghdadi ZA, Rahman MA (1990) The potential of cement kiln dust for the stabilization of dune sand in highway construction. J Build Environ, 25(4):285-289.
https://doi.org/10.1016/0360-1323(90)90001-8.

[15] Mohamedzein YEA, Al-Aghbari MY, Taha RA (2006) Stabilization of desert sands using municipal solid waste incinerator ash'. Geotech Geol Eng, 24:1767-1780.
https://doi.org/10.1007/s10706-006-6806-7.

[16] Zhang, S., Ma, Q., Qihua, K., Zhang, K., & Zhu, T. (2024) Effects of rock outcrops on runoff and erosion from karst slopes under simulated rainfall. Land Degradation
& Development, 35(3), 949-967. https://doi.org/10.1002/1dr.4963

[17] Smaida, A., Haddadi, S., Nechnech, A (2019) Improvement of the mechanical performance of dune sand for using in flexible pavements. Constr Build Mater,208, Pp.
464-471. https://doi.org/10.1016/j.conbuildmat.2019.03.041

[18] Hafez, H., Elmashad, M., Radwan, N (2010) Use of sand with fatty acid distillation residuals for embankments construction. In: 6th InternationalEngineering and
Construction Conference (IECC’6), Cairo, Egypt, pp. 130-142.

[19] Aksoy, H.S. ; Gor, M (2011) Stabilization of dune sand by using various materials. In 4th Geotechnical Symposium; Cukurova University: Adana, Turkey, pp. 622—
628.

[20] Elipe, M. G. M., & Ldpez-Querol, S. Aeolian sands (2014) Characterization, options of improvement and possible employment in construction — The State-of-the-art.
Construction and Building Materials, 73, 728—739. http://dx.doi.org/10.1016/j.conbuildmat.2014.10.008.

[21] Shalabi, F.1. ; Mazher, J.; Khan, K.; Amin, M.N.; Albagshi, A.; Alamer, A.; Barsheed, A.; Alshuaibi, O. (2021) Influence of Lime and Volcanic Ash on the Properties
of Dune Sand as Sustainable Construction Materials. Materials, 14, 645. https:// doi.org/10.3390/ma14030645

[22] Elsawy, M. B (2021) Geotechnical Behavior of Stabilized Dunes Sand by Cement. Journal of Civil Engineering and Construction, 10 (2), 69-74.
https://doi.org/10.32732/jcec.2021.10.2.69

[23] Smaida, A., Cheriet, R., Haddadi, S., Nechnech, A (2022) Valorisation of dune sand of Djelfa (Algeria) treated by hydraulic binders in pavement foundations. Journal
of Building Materials and Structures, v. 9, n. 1, p.33-43. https://doi.org/10.34118/jbms.v9i1.1897

[24] SETRA-LCPC. GTR (2000) Technical guide for the realization of embankments and layers of form. SETRA-LCPC Editions, Papers | & I1. 98 p and 102 p.

[25] Ghrieb, A., Mitiche-Kettab, R. & Bali, A (2014) Stabilization and Utilization of Dune Sand in Road Engineering. Arab J Sci Eng 39, 1517-1529.
https://doi.org/10.1007/s13369-013-0721-z.

[26] Zemouli, S., Chelghoum, N (2018) Use of ground granulated blast furnace slag in soils stabilization. Rev. Sci. Technol. Synthése. Vol. 36. Pp. 103-114.
[27] Schlosser F (1998) Eléments de mécanique des sols. Presses de I’Ecole Nationale des Ponts et Chaussées, ISBN 2-85978-104-8, 276p.

[28] Cocka E., Yazici V., Ozaydin V (2009) Stabilization of Expansive Clays using Granulated Blast furnace Slag (GBFS) and GBFS-Cement. Geotechnical and Geological
Engineering, Vol. 27, pp. 489-499.

[29] AFNOR, NF P94-078 (1997) Sols : reconnaissance et essais — Indice CBR aprés Immersion-Indice CBR immédiat-Indice Portant immédiate.
[30] AFNOR NF P94-071-1 (1994) Sols ; reconnaissance et essais — essais de cisaillement rectiligne a la boite partie 1 : Cisaillement direct.

[31] AFNOR NF EN 13286-53(2005). Mélanges traités et mélanges non traités aux liants hydrauliques — Partie 53 : méthode de confection par compression axiale des
éprouvettes de matériaux traités aux liants hydraulique.

[32] AFNOR, NF EN 13286-41 (2003) Mélanges traités et mélanges non traités aux liants hydrauliques — Partie 41 : méthode d’essai pour la détermination de la résistance
a la compression des mélanges traités aux liants hydrauliques.

Page 118


https://doi.org/10.1016/j.aaspro.2015.03.025
https://doi.org/10.1016/0360-1323(90)90001-8
https://doi.org/10.1007/s10706-006-6806-7
https://doi.org/10.1002/ldr.4963
https://doi.org/10.1016/j.conbuildmat.2019.03.041
http://dx.doi.org/10.1016/j.conbuildmat.2014.10.008
https://doi.org/10.32732/jcec.2021.10.2.69
https://doi.org/10.34118/jbms.v9i1.1897
https://doi.org/10.1007/s13369-013-0721-z

