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In response to the environmental challenges posed by oil drilling waste generated
from intensified oil production in Algeria, particularly in Saharan regions, this
study proposes a valorization approach to mitigate their impacts. Our research
aims to transform this waste into a useful resource by incorporating it into road
construction mixtures. The study seeks to design an innovative and optimized
formulation of gypseous-calcareous soil with oil drilling waste, specifically
adapted to road infrastructure. We tested the incorporation of treated oil drilling
waste into gypseous-calcareous soil formulations at rates of 5%, 10%, and 15% by
weight and with the addition of 4% lime. The study evaluates the evolution of
unconfined compressive strength (UCS) in these mixtures, as well as their water
sensitivity, influence on California Bearing Ratio (CBR), and direct shear testing.

The results reveal significant improvements in the mechanical behavior of the
mixture modified with 10% oil drilling waste and 4% lime content, under
laboratory curing conditions, achieving a UCS of 2.45 MPa, CBR value of 75% and
shear strength parameters with an internal friction angle 35° and the cohesion 45
kPa. The Microstructural analysis further confirmed that the interaction between
oil drilling waste and the gypseous-calcareous soil in the presence of lime led to
the formation of a more homogeneous and compact matrix, which explains the
observed improvement in mechanical properties.

Compressive strength

© 2026 MIM Research Group. All rights reserved.

1. Introduction

0Oil exploitation in Algeria is particularly intensive in the Saharan regions and produces thousands
of cubic meters of oil drilling waste each year [1]. These wastes, comprising drilling muds and
cuttings, are often rich in hydrocarbons and heavy metals [2, 6]. In response to this environmental
challenge, various valorization strategies have been developed [7, 11]. In the cement industry,
Bernardo et al. [12] demonstrated that replacing limestone and clay with up to 45% Oil-Based Mud
in clinker production does not compromise the mechanical properties of hydraulic binders, which
is an important finding for regions such as the Saharan sedimentary basin. This approach is
supported by the experimental work of Anghelescu et al. [13], who incorporated recycled coal ash
and residual drilling fluids as partial substitutes for clay, revealing optimal compatibility for
construction materials. Similarly, Chen et al. [14] introduced thermally treated drilling cuttings to
manufacture permeable bricks that meet Taiwanese standards for compressive strength (215 MPa)
and permeability (0.1 cm/s). Applied research continues with El-mahllawy and Osman [15],
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whose clay masonry units are enriched with 10, 20 and 30% treated drilling muds and comply with
Egyptian EN 771-1 standards, achieving compressive strengths above 7 MPa for load-bearing walls.
However, Mostavi et al. [16] identified a technical trade-off: substituting 5% of cement with dried
cuttings in concrete leads to a 10% reduction in strength, which increases to 20% at higher
replacement rates 25%. Nevertheless, the use of offshore oil drilling waste in hot mix asphalt
(HMA) shows promising potential: replacing 20% of conventional aggregates maintains Marshall
stability (>8 kN), flow (2-4 mm), and resilient modulus (>300 MPa), paving the way for sustainable
road applications [17].

Recently, industrial waste materials have been added and mixed with loose soils to enhance their
geotechnical properties [18, 19]. The improved characteristics of loose soils, resulting from the
utilization of industrial waste additives like silica fume, ground granulated blast furnace slag,
cement kiln dust, rice husk ash and fly ash, offers various advantages environmental and economic.
Many studies have been conducted on the effectiveness of these industrial waste in improving soil
properties. The addition of such materials improved the strength of soils [20, 22]. In addition,
Sanijya et al. [23] and Al-khafaji et al. [24] studies reveal that adding industrial waste additives lead
to a decrease in the plasticity index of soils. Regarding compaction, several studies Arulrajah et al.
[25], Kassaetal. [26],and Pastor etal. [27] have indicated that the use of industrial waste additives
significantly improved soil compaction characteristics. On the other hand, industrial waste
additives interact with lime more efficiently than when used alone. Some researchers, including
Alrubaye et al. [28], Zaini et al. [29] and Liu et al. [30] demonstrate that workability and strength
performance of loose soils were significantly improved after applying a combined treatment.

Encrusting gypseous-calcareous soils are widely distributed across the arid regions of Algeria [31,
32], notably in Ouargla, and they are currently utilized in road construction [33]. However, their
mechanical performance remains inadequate to meet modern traffic demands, so they are
commonly employed in road foundation layers, exhibiting low bearing capacity, which is
exacerbated by extreme climatic conditions [34, 35]. This situation often compels project owners
to import higher-performance materials from distant locations, resulting in additional costs, delays
in infrastructure development, increased carbon footprint, and greater logistical complexity due to
long transport distances, which encourages researchers to explore the valorization of gypseous-
calcareous soils in civil engineering [36, 38]. Thus, the reuse of additives derived from industrial
by-products such as crushed brick waste, recycled glass powder, or treated drilling waste
represents an effective strategy to reduce transport distances, lower associated costs and
emissions, while promoting the improvement and sustainable use of locally available resources.
Initial studies demonstrated that additives like cement enhance gypseous-calcareous soil’s
physical, chemical, and thermal properties [39]. Further research has revealed that adding cement
with 15% ceramic powder significantly optimizes physical properties and mechanical
performance, particularly compressive strength [40]. Another study investigated a hydraulic
binder-treated tuff/sand mixture (65% soil, 35% dune sand, 4% binder: 2/3 lime, 1/3 cement),
confirming compliance with technical criteria [41]. Additional work has highlighted that
incorporating 25% dune sand into tuffincreases its dry density by up to 20% [42]. Finally, mixtures
with up to 30% sand achieved compliant CBR index values, while markedly improving compressive
strength [43].

The objective of this research is to propose a dual ecological and economic solution, contributing
to sustainable oil waste management by valorizing treated DW as an additive to gypseous-
calcareous soil, to enhance its mechanical characteristics, which is a critical criterion for material
selection in Saharan road projects.
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2. Materials and methods
2.1. Materials

2.1.1 Gypseous-Calcareous Soil

In this study, the base material was gypseous-calcareous soil sourced from the Ouargla region of
southeastern Algeria; it is utilized in road foundation layers (Fig. 1). The geotechnical and
mineralogical characteristics of the soil used are summarized in Table 1.

Fig. 1. Gypseous-calcareous soil before and after compaction

Table 1. Geotechnical and mineralogical characteristics of the soil used

Property Value Unit
Bulk density 1.178 g/cm?
Specific density 2.218 g/cm?
Maximum diameter (Dmax) 50 mm
Particles < 2 mm 73 %
Particles < 0.80 mm 24 %
Maximum dry density 1.62 t/m3
Optimal moisture content (Wm) 14.7 %
Methylene blue value (VBS) 0.45 -
Immediate Bearing Index (IBI) 28.01 -
California Bearing Ratio (CBR) after immersion 48 -
Unconfined compressive strength (28 days) 0.65 MPa
CaS0,4-2H,0 42.5 %
CaCO3 28.3 %

2.1.2 Oil Drilling Waste

The drilling waste used in this study came from the Hassi Messaoud region (southeastern Algeria)
after being treated using the stabilization/solidification (S/S) method (Fig. 2). Its main chemical
characteristics were obtained by X-ray fluorescence (XRF) are presented in Table 2.

Fig. 2. Treated oil drilling waste before and after grinding
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Table 2. Chemical XRF analysis of drilling waste

Oxides SiO2 Al203 Fe203 CaO MgO SOs3 Naz0 K20 P20s
Mass (%) 26.46 2.97 1.51 12.24 1.65 8.23 0.28 1.75 0.05

The chemical composition of drilling waste reported in this study is consistent with values reported
in previous research, where silica, calcium, and sulfate oxides are commonly identified as the
dominant components in treated drilling waste [8,9]. In order to evaluate the potential impact of
grinding on the efficiency of the S/S treatment, chemical tests were conducted using Atomic
Absorption Spectroscopy (AAS), before and after grinding the sample of treated drilling waste. The
results revealed that, although grinding slightly influenced the treatment, the heavy metal
concentrations remained below the regulatory limits, according to [44], as shown in Table 3. The
grinding of the treated oil drilling waste sample was followed by a specific surface area analysis
using the Blaine method, which allowed for the characterization of the material's fineness. The
results showed a specific surface area of 2500 cm?/g.

Table 3. Atomic absorption spectroscopy (AAS) results before and after grinding of treated oil
drilling waste and regulatory limit values

Element Before grinding (mg/kg) After grinding (mg/kg) Regulatory limit (mg/kg)
Cr 0,650 7,60 100
Ni 8,700 9,70 100
Cd 0,120 0,16 50
Hg 0,421 1,10 10
Pb 17,700 26,90 100
2.1.3 Lime

Ground lime is primarily composed of calcium oxide (CaO), with a purity exceeding 73.3% and it is
generally presented in the form of a dry white powder, with a specific density of approximately 2
g/cm?® and an apparent density ranging between 600 and 900 g/1. Impurities are maintained at low
levels, notably: silicon dioxide (Si0;) below 2.5%, iron oxide (Fe,03) below 2%, and aluminum
oxide (Al,03) below 1.5%. The particle size distribution was controlled, with less than 10% of the
particles exceeding 90 pm and none above 630 pm.

Lime stabilization was selected due to its well-known ability to activate pozzolanic reactions with
siliceous and aluminous phases in soils, leading to the formation of cementitious compounds such
as C-S-H and C-A-H gels. These reaction products improve the soil structure and mechanical
strength. Compared with other binders such as cement or ground granulated blast furnace slag
(GGBS), lime treatment is widely used in soil stabilization due to its relatively low cost and ease of
field application. Previous studies have also reported satisfactory durability of lime-stabilized soils
under long-term environmental conditions and cyclic wetting-drying processes [45].

2.1.4 Formulation

Different formulations were developed for the preparation of the specimens. Table 4 presents the
various compositions tested, comprising gypseous-calcareous soil (S), lime (L), and oil drilling
waste (DW). This allowed for a comparative analysis of the material properties based on their
compositions.

Table 4. Different mixtures studied

Mixture Soil (%) 0il drilling waste (%) Lime (%)
SDWOLO 100 0 0
SDWS5LO0 95 5 0
SDW10L0 90 10 0
SDW15L0 85 15 0
SDWOL4 96 0 4
SDW5L4 91 5 4
SDW10L4 86 10 4
SDW15L4 81 15 4
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2.2. Methods

For each mixture and, three identical specimens were prepared and tested to ensure the reliability
and repeatability of the results.

2.2.1 Unconfined Compressive Strength Test

Samples were prepared in cylindrical molds (@ = 5 cm, height = 10 cm) and statically compacted
using a press at the optimum moisture content defined by the modified Proctor test, achieving a
compaction level of 98%. The specimens were maintained under laboratory conditions at a
temperature of 25+5 °C. The curing durations were 7, 14, 28, 60, and 90 days. Once the storage time
was reached, the specimens were subjected to a compressive force applied parallel to the cylinder
axis, using a press at a constant speed of 1.27 mm/min until rupture in accordance with (EN ISO
17892-7) [46] (Fig. 3).

(b)
Fig. 3. (a) Manufacturing molds; (b) Demolded specimens; (c) Sample under compressive
testing

2.2.2 Sensitivity to Water Test

The water immersion test is used to assess the durability of materials by measuring their
compressive strength after saturation. When applied to soil, it involves immersing specimens for a
specified period, to analyze their mechanical behavior under wet conditions. This procedure helps
to estimate the soil material's sensitivity to water and its ability to retain its mechanical properties
after saturation. The compressive strength was measured in accordance with the (EN ISO 17892-
7) [46], which evaluates the stability of the soil and its suitability for use in moisture exposed
environments.

2.2.3 California Bearing Ratio (CBR)

The California Bearing Ratio (CBR) test, carried out in compliance with the EN 13286-47 standard
[47], is used to evaluate the relative load-bearing capacity of a soil by measuring its penetration
resistance.

Fig. 4. CBR test for compacted mixtures
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The protocol involves applying a force on a standardized piston (49.6 mm in diameter) that
penetrates the compacted sample with size of (152.4 mm diameter and 177.8 mm height) at a
constant speed of 1.27 mm/min. The CBR value is determined by calculating the ratio, expressed
as a percentage, between the force required to push the piston to a given penetration depth (2.5
and 5.0 mm) in the tested sample and the force required for the same penetration in a reference
material, as illustrated in Fig. 4. In our study, we focused on analyzing the CBR after 96 hours of
immersion to replicate the most unfavorable moisture exposure conditions and assess the
durability of the proposed mixtures against water infiltration in a Saharan environment.

2.2.4 Direct Shear Test

Direct shear tests were performed on compacted specimens, in accordance with the EN ISO 17892-
10 standard [48], using an electronic normal loading system to ensure precise control of the applied
stresses (ranging from 50 to 200 kPa) (Fig. 5). The testing apparatus continuously recorded the
shear forces and the vertical/horizontal displacements, enabling the calculation of sample
dilatancy. This approach not only allows for the assessment of granular interactions in soil-drilling
waste-lime mixtures, but it also provides a direct measurement of cohesion (c) and internal friction
angle (¢), which are key parameters for the geotechnical design of road construction materials, as
highlighted in recent studies.

Fig. 5. Direct shear test

3. Results and discussion

3.1. Unconfined Compressive Strength

The compressive strength results for mixtures of gypseous-calcareous soil and DW, without the
presence of lime, are presented in Fig. 6. The progressive incorporation of DW leads to a significant
decrease in compressive strength. At 5% DW, the impact on strength remains moderate, with
reduction of about 36% compared with the reference mixture (SDWOLO) at 90 days of curing. At
10% DW, a marked drop in strength is observed, with a reduction of approximately 50%, indicating
more pronounced structural disruption within the soil. Finally, at 15% DW, the compressive
strength of the soil continues to decrease, reaching a reduction of about 57%. This behavior can be
attributed to the increase in porosity and the disruption of internal bonds within the material’s
matrix, due to poor chemical compatibility between soil and DW. These observations are consistent
with the work of Balegha et al. [40], who demonstrated that the uncontrolled addition of industrial
residues can lead to a degradation of the mechanical properties of soil.

In contrast, the addition of 4% lime to the mixtures enhances the mechanical performance, as
shown in Fig. 7. The mixtures containing DW exhibited superior compressive strength in
comparison to the SDWO0L4 mixture at 90 days of curing. Specifically, SDW5L4 shows an increase
in compressive strength of approximately 60%, SDW10L4 exhibits a gain of about 47%, and
SDW15L4 presents an improvement of around 18% compared with SDW0L4. This enhancement
can be attributed to the pozzolanic reactions of lime and calcium hydroxide with the siliceous and
aluminous compounds found in treated DW in the presence of water. This forms new compounds
that have cementitious properties, such as calcium silicate hydrate (CSH) and calcium aluminate
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hydrates (CAH), strengthening the soil and reducing internal defects. These results agree with
those reported by Daheur et al. [41], which highlighted that the use of hydraulic binders promotes
the formation of stable silico-aluminous phases, thereby increasing the overall mechanical
strength. This behavior is consistent with the study of Tayebi et al. [49] where it was observed that
the use of red brick waste (RBW) as addition significantly improved the compressive strength of
soil. Al-amoudi et al. [50], who also reported an increase in the compressive strength of calcareous
marl soil with the addition of stabilize such cement and lime.
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Fig. 6. Evolution of the compressive strength of soil-drilling waste mixtures without lime
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Fig. 7. Evolution of the compressive strength of soil-drilling waste mixtures with lime

3.2. Sensitivity to Water

Immersion tests revealed that samples without lime rapidly disintegrate in a humid environment,
indicating weak internal cohesion and heightened water sensitivity (Fig. 8(a)). In contrast, samples
with 4% lime maintain their structural integrity after immersion and show a progressive increase
in strength after immersion, reaching a maximum at 10% DW content, as shown in Fig. 8(b) and
Fig. 9. Compared with the reference mixture SDWOL4, the compressive strength after immersion
increased by about 24%, 41% and 25% for SDW5L4, SDW10L4 and SDW15L4, respectively. This
improvement could be attributed to the effect of lime, which reduces water sensitivity through the
formation of insoluble cementitious products, such as calcium silicate hydrates (C-S-H), that
reinforce the material’s structure. The results of the current study are consistent with the research
carried out by Moayyeri et al. [51], Goual et al. [52] and Abdulrasool et al. [53], which focused on
different types of hydraulic binder and lime. Their findings indicate that the use of cement, fly ash,
micro silica and lime considerably reduced the adverse effects of moisture in soils. This



Syphax et al. / Research on Engineering Structures & Materials x(x) (xxxx) Xx-xx

phenomenon has also been noted in previous research regarding soil stabilization using different
types of agricultural residues ash, such as carried out by Alavéz-ramirez et al. [54], Sharifi et al.
[55].

(a) (b)
Fig. 8. Immersion test results: (a) specimens without lime that disintegrated after immersion
and (b) specimens with lime that retained structural integrity after immersion

Fig. 9. Evolution of the compressive strength of soil-drilling waste mixtures after immersion
tests

3.3. California Bearing Ratio (CBR)

The variety of CBR values of mixtures with and without lime is shown in Fig. 10. The addition of
DW without lime significantly reduces the CBR index. When the amount of DW is increased, the
CBR index of mixtures is decreased. Therefore, mixture SDW15L0 gave the lowest CBR index of all,
with value of 35%. This decrease in bearing capacity can be justified by the increased porosity and
degradation of the granular bonds of mixtures with DW. In contrast, incorporating DW with 4%
lime significantly improves the bearing capacity of soil. The SDW10L4 mixture gave the best CBR
index, achieving a value of 75%. These results confirm the chemical reactions between the lime and
the reactive compounds present in the mixtures with DW, which produce cementitious products
that improve the bearing capacity of the soil. These results agree with those reported by Sadeghi et
al. [38], who observed a similar improvement in mechanical properties during the stabilization of
gypsum soils using sustainable additives for road construction.
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Fig. 10. California bearing ratio values of soil-drilling waste mixtures with and without lime

3.4. Shear Strength
3.4.1 Mohr-Coulomb Failure Line

Fig. 11 shows the Mohr-Coulomb envelopes corresponding to the mixtures without and with lime.
The relationship connecting maximum shear strength (tmax) to the normal stress (oy), for different
soil contents (0, 5, 10, and 15% DW) can be written according to Eq. (1):

Tmax = Ontge + ¢ (1)

Where; c: cohesion, ¢: internal friction angle, on: normal stress. These results indicate that adding
DW with lime increases the slope of the failure line of soil compared to that without lime. It should
be noted that the SDW10L4 mixture has the steepest failure slope.

3.4.2 Cohesion and the Internal Friction Angle

The incorporation of DW into soil mixtures progressively degrades cohesion (c) and friction angle
(), as illustrated in Fig. 12. For example, in the SDW15L0 mixture, ¢ drops to 5 kPa and ¢ to 18°,
compared to the SDWOLO mixture (15 kPa and 30°, respectively), reflecting microstructural
disruption caused by heterogeneous particles. This aligns with the findings of Shah et al. [56]
regarding fuel oil contamination, where decrease cohesion (-66%) and angle of internal friction (-
23%) of soil. The addition of 4% lime significantly enhances cohesion (c) and the friction angle (¢),
increasing from 32 kPa and 34° (mixture SDWO0L4) to 45 kPa and 35° (SDW10L4). This stems from
the pozzolanic reactions between lime and DW silica/alumina, forming calcium silicate hydrate gels
that densify the soil matrix. On the other hand, lime neutralizes sulfates via stable gypsum
(CaS04:2H,0) formation, while DW particles act as fillers, lowering effective porosity. Al-muaythir
et al. [57] found similar results when studying of various types of industrial waste additives to
enhance the characteristics of soil. They observed that these additives react with soil minerals in
the presence of water to create cementitious compounds, including calcium silicate hydrates (CSH),
which serve to link the soil particles together and improve cohesion. The fine particles of the
additives occupy the spaces between soil particles, resulting in denser packing and heightened
interparticle friction, thereby increasing the internal friction angle.

Al-muaythir et al. [57] found similar results when studying of various types of industrial waste
additives to enhance the characteristics of soil. They observed that these additives react with soil
minerals in the presence of water to create cementitious compounds, including calcium silicate
hydrates (CSH), which serve to link the soil particles together and improve cohesion. The fine
particles of the additives occupy the spaces between soil particles, resulting in denser packing and
heightened interparticle friction, thereby increasing the internal friction angle.
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3.5. Microstructure analysis

The microstructural analysis by Scanning Electron Microscopy (SEM) of gypseous-calcareous soil
and DW mixtures without lime, shown in Fig. 13, reveals that, at 5% of DW, the microstructure
remains relatively homogeneous, with only a slight increase in porosity compared to pure
gypseous-calcareous soil.

Fig. 13. SEM micrographs of mixtures without lime: (a) 0% DW; (b) 5% DW; (c) 10% D; (d)
15% DW

11
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(d)
Fig. 14. SEM micrographs of mixtures with lime: (a) 0% DW; (b) 5% DW; (c) 10% DW; and (d)

15% DW

The soil particles appear well integrated without significant alteration of the binding phases. At
10%, porosity increases markedly, accompanied by the emergence of micro-cracks around the soil
particles, indicating a weakening of the chemical and mechanical bonds within the matrix. Finally,
at 15%, the microstructure becomes heterogeneous, characterized by larger pores and
interconnected fissures, which reveals an increased chemical incompatibility and a degraded
integration of the soil particles. This phenomenon is explained by the presence of organic or
mineral impurities from the petroleum waste, which disrupts the internal arrangement of particles
and reduces the mechanical cohesion of the soil. These observations are consistent with the work
of Ahmad et al. [58], who demonstrated that the incorporation of diesel and crude oil into soil lead
to development of a hydrocarbon coating on the surfaces of the soil particles, which influenced
their microstructure.

The microstructural analysis, conducted by SEM, reveals notably different microstructural results
for the mixtures with 4% lime, as shown in Fig. 14. There was a marked improvement in the
microstructure of all mixtures, resulting in a more homogeneous and compact matrix, as well as a
significant reduction in internal voids and the waste particles appear properly integrated into the
soil. This densification is attributed to the presence of calcium silicate hydrate, resulting from
reactions between the lime and the siliceous compounds of treated DW. This result aligns with the
conclusions reported by Oluwatuyi et al. [59], who observed similar effects when stabilizing
hydrocarbon-contaminated soils using cement and lime.

Fig. 15 presents the Energy Dispersive X-ray Spectroscopy (EDX) analysis results for mixtures of
gypseous-calcareous soil and DW with lime. It can be seen, from EDX recordings (a) and (b), that
the mixtures SDW0L4 and SDW5L4 have high calcium and sulfate contents due to the nature of the
soil and the presence of lime in the mixtures. For the mixture SDW10L4, the calcium content
decreases due to its increased consumption during chemical reactions with siliceous compounds
of DW. This chemical stabilization, observed by Ezeokpube et al. [60] through mineralogical

12
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analyses, confirms the mitigation of structural disorders induced by hydrocarbon contaminants.
Finally, mixture SDW15L4 on the EDX record shows a slight increase of sulfate, calcium and silicon
peaks accompanied by very low chlorine and sodium contents.
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Fig. 15. EDX of mixtures with lime: (a) 0% DW; (b) 5% DW; (c) 10% DW; and (d) 15% DW

4. Conclusions

The results of this study demonstrate the technical and environmental feasibility of valorizing
treated oil drilling waste, in combination with gypseous-calcareous soil, for road applications in
arid regions. Based on the results of this experimental study, the main conclusions are as stated
below.

The addition of DW without lime significantly decreased compressive strength, from 1.1 MPa in the
pure soil (SDWOLO) to 0.5 MPa in the soil with 15% DW (SDW15L0). As for the CBR index, a
decrease of 27% was observed, from 48% in the pure soil (SDWO0LO0) to 35% in the soil with 15%
DW (SDW15L0). In direct shear tests, both cohesion (c) and friction angle (¢) decreased, regardless
of the proportion of DW used. As a result, the soil becomes more sensitive to water and
disintegrates quickly. SEM images demonstrated that the microstructure of soil containing oil
drilling waste has higher porosity, causes a reduction in the mechanical properties.

The incorporation of 4% lime into mixtures containing DW significantly improved the compressive
strength compared to mixture SDWO0L4, reaching optimal values after 90 days of curing. Regarding
the sensitivity to water, it was observed that the sample appears well integrated without alteration
and compressive strength improved after immersion. Additionally, a 13% improvement in bearing
capacity occurred, as CBR index increased from 65% (in mixture SDW0L4) to 75% (in the mixture
with 10% DW). The cohesion and the friction angle improved proportionally, with an increase in
the DW content of up to 10%, followed by a decrease, and then a further increase in the DW of up
to 15%. The SEM-EDX analysis revealed that the presence of reactive oxides in DW (such as Si02)
and the addition of lime (Ca0) favors pozzolanic reactions, leading to the formation of cementitious
compounds that reduce porosity and limit micro-cracks, thereby enhancing the soil texture and
internal structural density, contributing to greater cohesion and resistance under load.

The SDW10L4 mixture achieved the highest performance, showing a compressive strength of 2.45
MPa and a CBR index of 75%. The parameters of cohesion (c) (45 kPa), and friction angle (¢) (35°)
meet the requirements for Saharan road infrastructure, which is subject to extreme climatic
conditions.

In summary, the usage of gypseous-calcareous soil with DW mixtures offers a dual benefit: From
an environmental standpoint, this approach offers a sustainable solution for managing and
reducing the ecological impact of petroleum waste, while optimizing the use of local resources in
desert road infrastructure projects.

Future research should focus on evaluating the long-term durability of the stabilized mixtures
under environmental conditions such as wetting-drying and freeze-thaw cycles, as well as
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assessing their performance under field conditions. Such investigations would help confirm the
suitability of oil drilling-waste-based mixtures for road construction applications.
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