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replacement for tuff in desert road construction. Tuff, widely used in Algeria’s
Saharan roads, is a non-renewable volcanic material whose exploitation raises
serious environmental concerns. The incorporation of RBW provides a sustainable
alternative by reducing reliance on natural tuff reserves while simultaneously
diverting construction waste from landfills, contributing to resource preservation
and pollution reduction. To assess this approach, experimental mixtures were
prepared with 0%, 10%, 20%, and 30% RBW, and their physical and mechanical
behavior was evaluated through a comprehensive laboratory testing program. The
methodology included Modified Proctor compaction tests to determine optimal
moisture and density conditions, California Bearing Ratio (CBR) tests to assess
load-bearing capacity, and Unconfined Compressive Strength (UCS) tests to
evaluate strength development, all conducted under controlled conditions. Results
revealed that the mixture containing 20% RBW exhibited the most favorable
performance, achieving a UCS of 5.05 MPa and a CBR value of 83.53%, representing
a significant improvement compared to tuff alone. The 30% RBW mixture also
satisfied technical standards with a UCS of 2.8 MPa and a CBR value of 80.19%.
These findings demonstrate that integrating RBW with tuff offers a practical and
environmentally sustainable solution for road construction in desert regions.

© 2025 MIM Research Group. All rights reserved.

1. Introduction

In recent decades, the depletion of natural resources and the accumulation of construction and
demolition (C&D) wastes have become global concerns for sustainable infrastructure development.
Road construction in particular consumes vast quantities of quarried aggregates and natural soils;
however, their extraction and processing require high energy, generate substantial greenhouse gas
emissions, and cause severe environmental impacts [1-4]. Consequently, the utilization of
alternative local and recycled materials has emerged as a central theme in geotechnical and
pavement engineering, aiming to address both engineering performance and environmental

sustainability [5-8].

Construction and demolition waste, mainly consisting of concrete debris, bricks, asphalt fragments,
and excavation residues, constitutes one of the largest waste streams worldwide [9-12].
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Traditionally, such waste has been landfilled, leading to environmental degradation and the loss of
potentially reusable resources. Several studies have shown that recycling C&D waste in
cementitious systems contributes positively to strength and durability. For example, Derabla and
Moufida [13] demonstrated that red brick waste improved compressive strength in high-
performance concrete, while Schackow et al. [14] reported that crushed brick aggregates enhanced
long-term durability in mortars. Similarly, Saif et al. [15] observed that fired clay waste reduced
shrinkage and improved density in cement-based composites. These results highlight the potential
of C&D waste as a valuable raw material for sustainable construction. Recent reviews also
emphasized its role in geotechnical engineering applications, where recycled aggregates improved
compaction and increased CBR values [16,17].

Among the various C&D fractions, fired clay brick waste is particularly abundant in regions where
masonry construction is common. Crushed brick particles exhibit mineralogical similarities to
natural aggregates and have been used successfully as partial replacements in concrete, asphalt,
and soil mixtures [18-21]. Studies have consistently shown improvements in load-bearing capacity,
reduced swelling in clayey soils, and increased UCS values [22,23]. For instance, field-scale
investigations showed that integrating brick powder into road base layers resulted in higher
stability and durability under cyclic loading [24].

In paralle], indigenous geomaterials such as dune sands, lateritic soils, and especially tuff have long
been utilized as cost-effective resources in arid and semi-arid regions. In Algeria, where nearly
three-quarters of the land area is desert, tuff deposits cover approximately 300,000 km? and have
facilitated the construction of thousands of kilometers of economical desert roads since the 1950s
[25-27]. This led to the establishment of the Saharan Road Technology (TRS), a specific body of
standards and practices adapted to local soils [28,29]. Tuff is valued for its cohesiveness upon
compaction and drying, sometimes referred to as “self-stabilization” [30]. However, untreated tuff
suffers from low resistance to water, resulting in reduced strength and durability. Several studies
attempted to overcome these drawbacks: Goual et al. [31] reported that blending tuff with dune
sand improved compaction and CBR values, while Akacem [32] showed that limestone fines
increased UCS and shear resistance. Likewise, Moulay Omar et al. [33] demonstrated that sandy
industrial residues yielded acceptable UCS and CBR results suitable for subbase layers. More recent
findings also suggest that the addition of pozzolanic binders and crushed brick waste can
significantly improve durability of tuff-based mixtures [34,35]. In addition, experimental works
confirmed that combining tuff with dune sand or stabilizers enhanced compaction indices and
bearing capacity under desert conditions [36,37].

Despite these efforts, the direct co-valorization of tuff with red brick waste (RBW) in pavement
layers remains scarcely studied. RBW presents distinct mineralogical and granulometric
characteristics that may contribute to improved packing, density, and strength. The novelty of this
study lies in addressing two simultaneous challenges: the depletion of non-renewable tuff reserves
and the environmental burden of RBW disposal. This dual valorization approach is particularly
relevant for Algeria, where both materials are abundant, and sustainable road technologies are
urgently needed. Accordingly, the present study evaluates the physical and mechanical properties
of tuff-RBW mixtures through a laboratory program including Modified Proctor compaction,
California Bearing Ratio (CBR), and Unconfined Compressive Strength (UCS) tests under controlled
conditions. The key objective is to identify optimal substitution levels that enhance geotechnical
performance while reducing reliance on virgin tuff. The findings provide scientific evidence
supporting the integration of RBW with tuff as a practical, environmentally sustainable solution for
road construction in desert regions.

2. Materials and Methods

2.1 Materials

The use of local materials in infrastructure development not only saves resources and reduces costs
but also significantly preserves the environment. This study focuses on the use of tuff and red brick
waste in road construction, where we used resources from the southernmost part of Algeria,
specifically from wilaya d’Adrar, located about 1,500 kilometers southwest of the capital.
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2.1.1 Local Materials

The studied tuff (Fig. 1.a) was extracted from a quarry located 11 km from Ahmed Draia University
towards Oued Zin on the right in ADRAR Wilaya (Fig. 2). Similarly, the red brick waste (Fig. 1.b)
was sourced approximately 3.1 km from the same university, near a red brick manufacturing
facility known as Sarl Timadnine Briqueterie (Fig. 2).
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Fig. 1. Used materials (a) Tuff oued zin; (b) Sarl red brick waste
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Fig. 2. Study Area and Sampling Location in Adrar, Algeria

2.1.2 Geotechnical Characterization

According to Table 1, a chemical examination of the tuff showed that calcium carbonate (CaCO3)
predominated and made up more over 50% of the material. The characteristics of tuff benefit from
this high calcium carbonate content.

Through the results of XRD analysis (Fig. 3a), it is shown that the tuff contains a large percentage
of calcium carbonate (CaCO3). This is consistent with the results of Table 1.
As for the red brick waste, it contains a large percentage of biotite and some quartz, (Fig. 3b).

Table 1. Summary of chemical analysis results

Echantillons Calcium Carbonate Sulfate Chloride Insoluble
% (CaCOs) (mg/kg) (%) (%)
Tuff Qued Zin 53,7 27634 0,43 43,11
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Particle size analysis, conducted according to NF P 94-056[38], standards, assesses the size
distribution and weight percentages of different grain families within a sample. The analysis of the
tuff, illustrated in Figure 4, shows that the material comprises approximately 43% sand fraction
(<2 mm) and 21% fines fraction (<0.80 mm). The granularity data reveal a wide spread in
uniformity (Cu) and grain size, with the curvature coefficients (Cc) indicating a well-graded
material. According to the test outcomes presented in Table 2, and following classifications from
GTR [39], NF P 94 11- 300 [40], and the Unified Soil Classification System (USCS) [41], the Tuff is
classified by the GTR guide as a soil containing both fine and coarse elements (C1A2ts). In the USCS
framework, it is categorized as Silty gravel (GM).

Table 2. Geotechnical parameters of tuff

Parameter Tuff Unit
Physical
Grains < 80 um 21 %
Grains < 2 mm 43 %
Liquid limit (LL) 351 %
Plastic limit (PL) 25,7 %
Plasticity index (PI) 9,4 %
Apparent density (Yapa) 17,1 KN/m3
Absolute density (Yabs) 25,15 KN/ms3
Sand equivalent 12,62
Mechanical
Maximum dry density yq Modified 19,1 KN/m3
Optimum water content Wopn Modified 9,96 %
California burning ratio index (CBR Index) 67,94 %
Compressive strength at 28 days 3,74 Mpa
Chemical
Methylene blue value 0,4 -

2.2 Method
2.2.1 Preparation Method

To determine the optimal mixing ratios of tuff and red brick waste (T-RBW), the red brick waste
was first crushed and sieved through a 2 mm mesh (Fig. 1b). The tuff and red brick waste were then
manually blended at four different proportions: 0%, 10%, 20%, and 30%. Each mixture was
thoroughly homogenized by hand mixing for approximately 4-5 minutes to ensure a uniform
distribution of the materials. After preparation, all mixtures were subjected to Modified Proctor
compaction, California Bearing Ratio (CBR), and unconfined compressive strength (UCS) tests to
evaluate their mechanical and physical properties. The mix design is summarized in Table 3.

2.2.2 Test Methods

Each test was performed on three replicate specimens to ensure the reliability and repeatability of
the results. The UCS and CBR values reported in this study represent the average of the three test
results. The data exhibited good consistency, with mean standard deviation (SD) values less than
10% of the mean (m) UCS or CBR values, confirming the reliability of the measurements.

All laboratory experiments were conducted under controlled environmental conditions to ensure
accuracy and consistency. The specimens were tightly sealed in plastic bags to minimize moisture
loss and stored in a controlled laboratory environment at a temperature of 23 * 2 °C, which
corresponds to the standard laboratory temperature commonly adopted in geotechnical and
material testing. The relative humidity was kept at 50 + 5%, and all specimens were stored and
tested under these stable conditions prior to each experiment.

All experimental procedures were carried out in accordance with the French geotechnical
standards (Norme Francaise - NF) to ensure methodological consistency and compliance with
recognized testing protocols. Specifically, the Modified Proctor compaction test was performed
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according to NF P 94-093[42], the California Bearing Ratio (CBR) test followed the procedure
described in NF P 94-078[43], and the Unconfined Compressive Strength (UCS) test was conducted
inaccordance with NF P 94-074[44], These standards are officially adopted in the laboratory where
the experimental work was performed and provide reliable frameworks for evaluating soil
compaction, bearing capacity, and strength characteristics.

Table 3. Various mixtures prepared T-RBW

Mixture Tuff (T) Red brick waste (RBW)
T-00RBW 100% 0%
T-10RBW 90% 10%
T-20RBW 80% 20%
T-30RBW 70% 30%

3. Results and Discussion
3.1. Compaction Behavior of the Mixture (T-RBW)

The compaction behavior of the tuff-red brick waste (T-RBW) mixtures was evaluated using the
Modified Proctor test to determine the optimum moisture content (OMC) and maximum dry
density (MDD) for each mixing ratio. The obtained compaction curves (Figure 5) demonstrate a
progressive increase in dry density with increasing red brick waste content up to 20%, followed by
a noticeable decrease at 30%.

Quantitatively, the maximum dry density (MDD) increased from 19.1 kN/m? for pure tuff (0%
RBW) to 20.0 kN/m? at the 20% RBW mixture, representing an improvement of approximately
4.7%. Beyond this ratio, the MDD dropped to 18.3 kN/m? at 30% RBW. Similarly, the optimum
moisture content (OMC) slightly increased from 10% for pure tuff to 10.6% at 20% RBW, indicating
enhanced compact ability due to the addition of well-graded fine brick particles.

The increase in dry density up to the 20% RBW content can be attributed to improved particle
packing and better gradation within the mixture. The grain size analysis of the natural tuff (Figure
3) revealed particle diameters ranging from 0.080 mm to 0.001 mm, each fraction contributing
about 1-2% of the total weight. The inclusion of finely crushed red brick particles compensates for
the deficiency of intermediate grain sizes in the tuff, resulting in denser packing and higher dry
density. However, when the RBW content exceeds 20%, the excessive fine fraction reduces the
material’s permeability and increases water retention, leading to a decline in dry density.

—f— Proctor T+10%BR =—{1— Proctor T+20%BR
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Fig. 5. Proctor curves of the various mixtures (T-BRW)
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Fig. 6. Variation in dry density according to the percentage of RBW

3.2 Bearing Index Evolution

The bearing performance of the tuff-red brick waste (T-RBW) mixtures was assessed using the
California Bearing Ratio (CBR) test, following the French standard NF P 94-078[43], The CBR index
reflects the load-bearing capacity of compacted soils and is directly related to their density and
moisture conditions. The obtained CBR results (Figures 7 and 8) show that the bearing capacity of
the mixtures increases with the incorporation of red brick waste up to 20%, beyond which a slight
decline is observed. Quantitatively, the CBR value of the natural tuff (0% RBW) was 67.94%, while
the inclusion of 10% RBW increased it to 71.21%, and the 20% RBW mixture achieved the
maximum CBR of 83.53%, representing an overall improvement of approximately 22.9% compared
to the untreated soil.
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Fig. 7. Variation of piston pressure as a function of its depression for different compaction
energies
When the red brick waste content was raised to 30%, the CBR slightly decreased to 80.19%, which
still indicates a strong bearing capacity within the acceptable range for pavement sub-base
materials. This improvement is primarily attributed to the enhanced interlocking and densification
between the tuff particles and the crushed brick fines, which improve particle arrangement and
load transfer efficiency under compaction. The reduction in CBR beyond 20% can be explained by
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the excessive fine fraction that hinders drainage and increases compressibility, thereby reducing
load resistance. Overall, the results confirm that a 20% addition of red brick waste provides the
most favorable balance between density and strength, optimizing the bearing performance of the
T-RBW mixtures.
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Fig. 8. Variation of the Bearing index of the mixtures (T-RBW) according to the percentage of
RBW incorporated

3.3 Evolution of simple compressive strength (RC) of the mixture T-RBW

Compressive strength is a decisive criterion for selecting materials for desert pavement
construction, and it was assessed using the unconfined compressive strength (UCS) procedure
adapted from Fenzy [26]. The UCS apparatus used in this study is shown in Fig. 9, plus split
cylindrical molds for specimen preparation.

Cylindrical specimens were prepared at the Proctor-determined optimum moisture content by
blending tuff with red brick waste (RBW) at 0%, 10%, 20%, and 30%. For each blend, three
replicate specimens were compacted into 50 mm x 100 mm molds to ensure repeatability. After
molding, specimens were cured for 3, 7, 14, and 28 days before testing (Fig. 10a). Compression was
then applied under a constant displacement rate of 1.04 mm/min on the UCS frame shown in Fig.
10b, allowing synchronized acquisition of axial load and strain to compute UCS and stiffness indices
reliably.

e ® i - - - =5

Fig. 9. unconfined compressive strength (UCS) testing apparatus: load frame and split molds
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(b)

Fig. 10. (a) Samples for different durations: 3, 7, 14, and 28 days and (b) The crushing of the
test pieces

The results (Figures 11-12) show a consistent increase in compressive strength with the addition
of RBW up to 20%, after which the strength decreases. Quantitatively, the UCS value increased from
3.74 MPa for pure tuff to 4.74 MPa at 10% RBW and reached its maximum of 5.05 MPa at 20% RBW
representing a 35% improvement compared to untreated tuff. However, further addition to 30%
RBW caused the UCS to drop to 2.80 MPa, likely due to excessive fine particles that reduce bonding
and compactness.

The observed enhancement in compressive strength up to 20% RBW can be attributed to the
improved particle interlock, better gradation, and higher compaction efficiency resulting from the
inclusion of fine brick aggregates. The reduction beyond this percentage is associated with the
increased proportion of fines, which disrupts the internal skeleton and reduces effective stress
transfer. Overall, the results confirm that incorporating 20% red brick waste into tuff yields the
optimum mechanical performance and can be considered an effective stabilization ratio for use in
desert pavement base layers.

- = =Tuff+00BR —M— Tuff+10%BR == Tuff+20%BR Tuff+30%BR

Compressive strength(MPa)

Age(Days)

Fig 11. Effect of the age on the compressive strength of the mixes

The improvements in mechanical performance noted in this investigation are consistent with
earlier studies about the use of tuff-based and recycled construction materials for geotechnical and
pavement purposes. Akacem et al. (2020) [36] and Moulay Omar et al. (2022) [37] discovered that
the addition of local tuff with dune sand increased compaction and increased unconfined
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compressive strength (UCS) due to the particles interlocking and a more favorable gradation. The
current tuff-red brick waste (T-RBW) blends displayed comparable tendencies with a 20%
replacement yield the highest dry density and UCS values. Cabalar and Omar [6] found the similar
findings in the stabilization of silt with limestone powder in which dry density and UCS increased
due to filler effects and better particle contact which is comparable with the densification behavior
of T-RBW composites seen in this work.

Likewise, both Derabla and Bourema [13] and Saif et al. [15] showed that the addition of red brick
waste debris to cementitious mixes enhances strength and provides longevity due the increasing
internal packing and reduction in porosity. Several studies have emphasized the mechanical and
environmental potential of other recycled construction debris, in addition to tuff-based products.
For example, Arulrajah et al. [5] and Poon and Chan (2006) [18] looked at using crushed brick and
recycled concrete aggregates in pavement subbases. They found that the CBR and UCS values were
similar to those of natural materials. Babu and Durgarani [16] and Kaabeche and Belaoura [20]
similarly showed that using recycled aggregates and industrial by-products like GGBS or
ferrochrome slag can make pavement-quality concrete work better. This supports the broader
sustainability context of the current research.

Compressive Strength (MPa)
w

Rate of RBW incorporation (%)

Fig 12. Red brick waste effect on the unconfined compressive strength of the mixes

Recent research (e.g., Deleprani et al., [1]; Safia Mebarek et al.,, [17]) has highlighted that recycled
concrete powders and demolition waste can achieve superior mechanical performance while
minimizing environmental impact, underscoring the significance of utilizing locally sourced
materials like T-RBW. These results contribute to an expanding corpus of research advocating for
circular economy tactics in the building industry. Overall, the current results confirm a consistent
trend reported in the literature: mechanical parameters such as dry density, UCS, and CBR
generally increase with the addition of fine recycled materials up to an optimal threshold (typically
20-30%), after which excessive fines may cause a slight reduction in performance. This trend
emphasizes the mechanical dependability and sustainability potential of T-RBW composites for
usage in subgrade and pavement layers, equivalent to other worldwide studies employing recycled
concrete, steel slag, or calcareous additives.

4, Conclusion

The combination of tuff with red brick waste (RBW) gives a viable and sustainable alternative for
minimizing reliance on non-renewable natural resources while addressing the environmental
concerns faced by building waste disposal. Tuff, a volcanic material largely employed in desert
road construction, is a non-renewable resource whose mining and transportation incur severe
environmental and economic consequences. On the other hand, red brick waste, a result of
demolition and construction activity, typically accumulates in huge amounts, adding to land
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pollution and resource inefficiencies. Therefore, integrating RBW as a partial replacement for tuff
not only mitigates these environmental problems but also corresponds with sustainable
construction plans aimed at optimizing the use of locally accessible resources.

The experimental results of this investigation indicated an ideal mixture consisting of 80% tuff and
20% RBW, which displayed a substantial boost in mechanical performance. Specifically, the
California Bearing Ratio (CBR) increased from 67.94% for tuff alone to 83.53% when mixed with
RBW, suggesting higher load-bearing capacity suited for road foundation layers. Similarly, the
unconfined compressive strength (UCS) exhibited a considerable rise from 3.74 MPa (tuff alone) to
5.05 MPa after 28 days of curing, demonstrating enhanced structural integrity and durability.
Moreover, a combination made of 70% tuff and 30% RBW was determined to match the standard
performance standards for desert road construction. Although this composition displayed a minor
decrease in UCS to 2.8 MPa, it maintained a high CBR value of 80.19%, which is regarded as
acceptable for such applications. This balance between mechanical performance and waste usage
indicates the viability of using greater RBW replacement rates without compromising critical
technical features.

In conclusion, the usage of tuff-RBW mixtures offers a dual benefit: preserving non-renewable
resources and encouraging environmental sustainability by valorizing building waste. The
findings argue for the implementation of these eco-friendly materials in desert road infrastructure
projects, hence contributing to more sustainable and cost-effective construction procedures.

Future investigations should concentrate on enhancing the replacement ratios of red brick waste
to 40% - 50% with the proportion of additives (i.e., cement, lime, fly ash, or pozzolanic materials)
being up to a few percentages (i.e. 3-6%). With increased construction waste additives in the
design, it provides an effective and permanent solution to remove it at a large scale while also
reducing landfill disposal and promoting circularity of resources. Furthermore, thorough long-term
durability assessments of moisture resistance, freeze-thaw and aging performance is
recommended for all mixture proportions to verify the long-term compatibility and environmental
sustainability of the T-RBW materials during actual field conditions.

Acknowledgement

The authors would like to thank the College of Science and Technology, Ahmed Draia University of Adrar,
Public Works Laboratory in the South unit of Adrar, Public Works Laboratory in Oran unit of Adrar to support
this project.

References

[1] Deleprani FB, Silva RVD, Aratjo GS. Pervious concrete using construction and demolition waste (CDW)
and recycled EPS. Matéria (Rio de Janeiro), 2025; 30(1): 1-12. https://doi.org/10.1590/1517-7076-rmat-
2025-0216

[2] Vegas |, Ibafiez JA, San José JT, et al. Construction demolition wastes, Waelz slag and MSWI bottom ash: A
comparative technical analysis as material for road construction. Waste Management, 2008; 28(3): 565-
574. https://doi.org/10.1016/j.wasman.2007.01.016

[3] Mohajerani A, Burnett L, Smith JV, et al. Recycling waste rubber tyres in construction materials and
associated environmental considerations: A review. Resources, Conservation and Recycling, 2020; 155:
104679. https://doi.org/10.1016/j.resconrec.2020.104679

[4] Ismaeel WA, & Mohammed AA. A systematic review of physical and environmental indicators for BIM
implementation in construction and demolition waste management. Res. Eng. Struct. Mater., 2025.
http://dx.doi.org/10.17515/resm2025-918st0527rs

[5] Arulrajah A, Piratheepan ], Disfani MM, et al. Geotechnical and geoenvironmental properties of recycled
construction and demolition materials in pavement subbase applications. Journal of Materials in Civil
Engineering, 2013; 25(8): 1077-1088. https://doi.org/10.1061/(ASCE)MT.1943-5533.0000652

[6] Cabalar AF, Omar RA. Stabilizing a silt using waste limestone powder. Bulletin of Engineering Geology and
the Environment, 2023; 82: 300. https://doi.org/10.1007/s10064-023-03302-4

[7] Phummiphan I, Horpibulsuk S, Rachan R, et al. High calcium fly ash geopolymer stabilized lateritic soil
and granulated blast furnace slag blends as a pavement base material. Journal of Hazardous Materials,
2018; 341: 257-267. https://doi.org/10.1016/j.jhazmat.2017.07.067

11


https://doi.org/10.1016/j.wasman.2007.01.016
https://doi.org/10.1016/j.resconrec.2020.104679
http://dx.doi.org/10.17515/resm2025-918st0527rs
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000652
https://doi.org/10.1007/s10064-023-03302-4
https://doi.org/10.1016/j.jhazmat.2017.07.067

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

[8] Shekahr D, Godihal J. Sustainable approaches in the built environment with industrial waste and recycled
products derived from construction and demolition waste. Res. Eng. Struct. Mater., 2023; 9(4): 1117-
1133. http://dx.doi.org/10.17515/resm2023.685ma0207

[9] Lafayette KPV, Paz DHFD, Holanda M]DO, Costa LARC. Analysis of generation and characterization of
construction and demolition waste on construction sites in Recife, Brazil. Matéria (Rio de Janeiro), 2018;
23(3): 1-15. https://doi.org/10.1590/s1517-707620180003.0503

[10] Gomes CL, Poggiali FS], Azevedo RCD. Concretos com agregados reciclados de residuos de construcio e
demoli¢do e adi¢des minerais: uma andlise bibliografica. Matéria (Rio de Janeiro), 2019; 24(2): e12358.
https://doi.org/10.1590/s1517-707620190002.0673

[11] Benammar A, Noui A, Benouadah A, Maafi N, Kessal O, Dridi M, Belkadi AA. Enhancing sustainability and
performance in alkali-activated mortars with recycled rubber aggregates subjected to varied curing
methods. Res. Eng. Struct. Mater., 2025; 11(2): 417-442.
http://dx.doi.org/10.17515 /resm2024.192ma0226rs

[12] Noui Ar, Belkadi AA, Zeghichi L, Kessal O, Bouglada MS, Achour Y, Gomes JC. Improving early strength
and durability of eco-friendly mortars: Investigating the influence of limestone filler fineness and blast
furnace  slag  combination. Res. Eng. Struct. Mater., 2025; 11(2): 443-463.
http://dx.doi.org/10.17515 /resm2024.226ma0407rs

[13] Derabla R, Bourema M. Valorisation des déchets de brique rouge dans le béton a haute performance.
Academic Journal of Civil Engineering, 2016; 34(1).

[14] Schackow A, Stringari D, Senff L, et al. Influence of fired clay brick waste additions on the durability of
mortars. Cement and Concrete Composites, 2015; 62: 82-89.
https://doi.org/10.1016/j.cemconcomp.2015.04.019

[15] Saif SM, Sheelan MH, Dhifaf NH. Effectiveness of replacing cement partially with waste brick powder in
mortar. Journal of King Saud University - Engineering Sciences, 2022; 36: 524-532.
https://doi.org/10.1016/j.jksues.2022.01.004

[16] Babu BC, Durgarani K. Experimental study on the utilization of construction and demolition waste of
recycled aggregate with GGBS and I-Crete in pavement quality concrete. Res. Eng. Struct. Mater., 2024;
10(4): 1483-1504. http://dx.doi.org/10.17515/resm2024.87me1110rs

[17] Safia Mebarek H, Mebarek B. Impact of recycled concrete powders on the behavior of high-performance
concrete  in  fresh and  hardened  states. Res. Eng.  Struct.  Mater,  2025.
http://dx.doi.org/10.17515/resm2025-540mal1120rs

[18] Poon CS, Chan D. Feasible use of recycled concrete aggregates and crushed clay brick as unbound road
sub-base. Materials and Structures, 2006; 39: 593-601.
https://doi.org/10.1016/j.conbuildmat.2005.01.045

[19] Bhatta N, Adhikari A, Ghimire A, Bhandari N, Subedi A, & Sahani K. Comparing crushed brick as coarse
aggregate substitute in concrete: experimental vs. numerical study. Iranian Journal of Science and
Technology, Transactions of Civil Engineering, 2024; 48(6), 4255-4274.
https://doi.org/10.1007/s40996-024-01407-8

[20] Kaabeche S, Belaoura M. The effects of the quality of recycled aggregates on the mechanical properties
of roller compacted concrete. Res. Eng.  Struct. Mater, 2025; 11(2): 587-605.
http://dx.doi.org/10.17515 /resm2024.249me0418rs

[21] Ojha PN, Kaura P, Singh B. Studies on mechanical performance of treated and non-treated coarse
recycled concrete aggregate and its performance in concrete-an Indian case study. Res. Eng. Struct. Mater.,
2024 ;10(1): 341-362. http://dx.doi.org/10.17515/resm2023.53me0728rs

[22] Arulrajah A, Disfani MM, Horpibulsuk S, et al. Physical properties and shear strength responses of
recycled construction and demolition materials in unbound pavement base/subbase applications.
Construction and Building Materials, 2014; 58: 245-257.
https://doi.org/10.1016/j.conbuildmat.2014.02.025

[23] Silva ACD, Fucale S, Ferreira SRDM. Effect of construction and demolition waste (CDW) addition on the
hydromechanical properties of a sandy-clayey soil. Matéria (Rio de Janeiro), 2019; 24(3): 1-11.

[24] Razak SM, Yahya N, Zahid MZ, et al. Improving sustainability of road construction by partial replacement
of natural aggregates in subbase layer with crushed brick and reclaimed asphalt pavement. In 10P
Conference Series: Earth and Environmental Science, 2023; Vol. 1135, No. 1, p. 012050.
https://doi.org/10.1088/1755-1315/1135/1/012050

[25] Akacem M, Moulay OH, Abbou M, & Djafari D. Study of the Effect of Adding Dune Sand to Tuff in Saharan
Road Construction. Algerian Journal of Renewable Energy and Sustainable Development, 2022 ; 4(1), 46-
58. https://doi.org/10.46657 /ajresd.2022.4.1.05

[26] Fenzy E. Particularité de la technique routiere au Sahara. Revue Générale des Routes et Aérodromes,
1966;411:57-71.

12


http://dx.doi.org/10.17515/resm2023.685ma0207
https://doi.org/10.1590/s1517-707620180003.0503
https://doi.org/10.1590/s1517-707620190002.0673
http://dx.doi.org/10.17515/resm2024.192ma0226rs
http://dx.doi.org/10.17515/resm2024.226ma0407rs
https://doi.org/10.1016/j.cemconcomp.2015.04.019
https://doi.org/10.1016/j.jksues.2022.01.004
http://dx.doi.org/10.17515/resm2024.87me1110rs
http://dx.doi.org/10.17515/resm2025-540ma1120rs
https://doi.org/10.1016/j.conbuildmat.2005.01.045
https://doi.org/10.1007/s40996-024-01407-8
http://dx.doi.org/10.17515/resm2024.249me0418rs
http://dx.doi.org/10.17515/resm2023.53me0728rs
https://doi.org/10.1016/j.conbuildmat.2014.02.025
https://doi.org/10.1088/1755-1315/1135/1/012050
https://doi.org/10.46657/ajresd.2022.4.1.05

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

[27] Morsli M, Bali A, Bensaibi M, Gambin M. Study of the hardening of a crust tuff from Hassi-Messaoud
(Algeria).  European Journal of Civil Engineering, 2007; 11(9-10): 1219-1240.
https://doi.org/10.1080/17747120.2007.9692985

[28] Fenzy E. L'état actuel de la Technique Routiere au Sahara. Rapport technique, Ministére des Travaux
Publics, Algérie, 1970.

[29] CTTP Alger. Recommendations on the use of bitumens and hot bituminous coatings, booklet 2,
Formulation, 2004; February: 37.

[30] Morsli M. Contribution a la Valorisation des Tufs d'Encrolitements en Technique Routiere Saharienne.
Ph.D. Thesis, National Polytechnic School, Algeria, 2007.

[31] Goual I, Goual MS, Taibi S, Abou-Bekr N. Improvement of the properties of a natural tuff used in the
Saharan road technique by adding limestone sand. European Journal of Environmental and Civil
Engineering, 2012; 16(6): 744-763. https://doi.org/10.1080/19648189.2012.667653

[32] Akacem M. Valorization of local materials: tuff and dune sand in Saharan road construction. Ph.D. Thesis,
Oran University of Science and Technology, Algeria, 2017.

[33] Moulay Omar H, Mekerta B, Jarno A, et al. Optimization of dune sand-based mixture material for
pavement design. European Journal of Environmental and Civil Engineering, 2021; 26(11): 4952-4972.
https://doi.org/10.1080/19648189.2021.1877827

[34] Arulrajah A, Piratheepan ], Aatheesan T, & Bo MW. Geotechnical properties of recycled crushed brick in
pavement applications. Journal of Materials in Civil Engineering, 2011; 23(10), 1444-1452.
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000319

[35] Ajay CH, Rani D. Evaluation of cement-treated ferrochrome slag and quarry dust composites for base
and sub-base layers of flexible pavement. Res. Eng. Struct. Mater., 2023; 9(3): 1061- 1080.
http://dx.doi.org/10.17515 /resm2023.559.ma1010

[36] Akacem M, Zentar R, Mekerta B, et al. Co-valorization of local materials tuff and dune sands in
construction of roads. Geotechnical and Geological Engineering, 2020; 38(8): 435-447.
https://doi.org/10.1007/s10706-019-01035-4

[37] Moulay Omar H, Zentar R, Akacem M, et al. Co-valorization of tuff and sandy residues in roads
construction. Civil Engineering Journal, 2022; 8(5): 1029-1045. https://doi.org/10.28991/CE]-2022-08-
05-013

[38] French Standard, NF P 94-056. Soils - Investigation and testing - Particle size analysis - Dry sieving
method after washing," AFNOR, Paris, 1996.

[39] GTR92, "Réalisation des remblais et des couches de forme. Guide technique”, LCPC-SETRA, p. 204, 1992.

[40] French Standard AFNOR. NF P11-300 Execution of earthworks - Classification of materials usable in the
construction of embankments and form layers of road infrastructure, 1992.

[41] The Unified Soil Classification System (USCS). (1977). The Unified Soil Classification System. Technical
Report Archive & Image Library, 1-28.

[42] French Standard, NF P 94-093, "Soils - Investigation and testing - Determination of compaction
characteristics"”, AFNOR, Paris, 1993.

[43] French Standard, NF P 94-078., "Soils - Investigation and testing - Immediate CBR index - CBR index after
immersion," AFNOR, Paris, 1992.

[44] French Standard, NF P 94-074., "Soils - Investigation and testing - Unconfined compressive strength
test," AFNOR, Paris, 1994.

13


https://doi.org/10.1080/17747120.2007.9692985
https://doi.org/10.1080/19648189.2012.667653
https://doi.org/10.1080/19648189.2021.1877827
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000319
http://dx.doi.org/10.17515/resm2023.559.ma1010
https://doi.org/10.1007/s10706-019-01035-4

