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Abstract 
The soils in the Diamniadio urban hub are expansive and have low bearing 
capacity. Construction in this area often requires the removal of native soils 
over certain depths, generating significant volumes of marl excavated materi-
als that clutter construction sites. Due to their poor geotechnical properties, 
the reuse of these excavated materials in construction poses major challenges 
to engineers. This study investigates the effects of lithostabilization on the 
physical and mechanical properties of marl excavated from the Diamniadio 
urban hub to enable its valorization in road subgrade applications. Sand addi-
tions of 15%, 25%, 35%, and 45% were tested, using both dune sand (DS) and 
beach sand (BS). Results show that adding sand increases the bearing capacity 
of the marl, reduces its water sensitivity, and makes it suitable for construction 
use. It was observed that the granulometry of the added sand has a positive 
effect on lithostabilization outcomes.  
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1. Introduction 

The Diamniadio urban hub is the first urban hub created by the Government of 
Senegal as part of its decentralization policy and the decongestion of Dakar. This 
highly strategic area is characterized by the presence of expansive clays and marls 
with low bearing capacity, difficult workability, and susceptibility to shrink-swell 
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phenomena. Such soils, widespread in many countries worldwide especially in 
arid and semi-arid regions such as Senegal cause significant damage to structures 
due to variations in water content. 

In Diamniadio, the construction of buildings, roads, and highways faces serious 
challenges, with the premature appearance of cracks, heaving, settlement, and 
even structural failure. To ensure the durability of infrastructures, some practi-
tioners recommend removing part of the clays and marls and replacing them with 
more resistant and durable soils. However, this substitution generates large de-
posits of excavated materials on worksites and requires significant investment to 
source quality borrow materials. Due to their poor geotechnical properties, reus-
ing marl excavated materials in construction poses major difficulties for engi-
neers. 

Nevertheless, the geotechnical properties of marls can be improved through 
lithostabilization. This article is part of the broader effort to valorize local materi-
als, in particular by improving the physical and mechanical characteristics of marl 
excavated from the Diamniadio urban hub through the addition of sand. The dune 
sand and beach sand used in this study were sourced respectively from the Sébikho-
tane quarry and the Bargny beach, both of which are located near the Diamniadio 
urban hub. 

The reuse of these excavated materials would help avoid bulky soil deposits, 
preserve natural reserves, and reduce transportation costs, which can be very high. 
Indeed, the mechanical performance and durability of marls can be improved by 
lithostabilization through sand addition. Several studies have demonstrated the 
effectiveness of using sand as a stabilizing material [1]-[3]. Didier [4] showed that 
10% sand is enough to reduce the swelling pressure of montmorillonite by 50%. 
Aola (1987, cited in [5]) stated that adding sand increases maximum dry density 
and decreases optimum moisture content of expansive clays. Rao (1987, cited in 
[5]) showed that adding 40% sand to India’s Black Cotton soils increased CBR, 
compressive strength, friction angle, and cohesion. 

This study is based on a literature review followed by an experimental approach 
to achieve the stated objectives. 

2. Methodology  

The marl used in this study was sampled from excavated materials taken from 
foundation pits of a construction site located in the Diamniadio urban hub (Fig-
ure 1). The sampled deposits consist mainly of beige marls with traces of whitish 
limestone and belong to the Bargny formation, which dates from the Middle Eo-
cene [6]. This formation is composed of the Rufisque and Cap des Biches mem-
bers. The Lutetian zone is characterized by clayey and slightly sandy marls with 
planktonic foraminifera, as well as marl-limestone alternations. 

The stabilizing materials were obtained from the Sébikhotane dune quarry (for 
dune sand) and from Bargny (for beach sand). Both sites are located close to the 
Diamniadio urban hub (Figure 1). Due to the proximity of the sampling site to 
the sea, the sand collected from Bargny exhibits a slightly salty taste. 
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Figure 1. Location of sampling areas. 
 

In the laboratory, full identification and mechanical characterization of the 
sampled materials were carried out (Table 1 and Table 2). The tests on the marl 
aimed to highlight its expansive nature and low bearing capacity. Tests performed 
on sands included particle size distribution, sand equivalent, and specific gravity. 
 
Table 1. Geotechnical characterization of Diamniadio marl excavated materials. 

Property Marl 

Atterberg limits 

Liquid limit wL (%) 44.2 

Plastic limit wP (%) 22.29 

Plasticity index IP (%) 21.9 

Grain size analysis 

Ф < 0.080 mm 92% 

Ф < 0.063 mm 86% 

Ф < 0.002 mm 38% 
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Continued 

Unit weight 

Bulk unit γ (kN/m3) 16.54 - 19.69 

Dry density γd (kN/m3) 10.11 - 16.61 

Unit weight of solid particles γs (kN/m3) 28.1 

Methylene blue value VBS (%) 7.1 

Proctor Normal test 
Optimum water content ωop (%) 14.1 

Maximum dry density γdmax (kN/m3) 17.82 

CaCO₃ content (%) CCaCO3 41.8 - 72 

GTR classification A2 

CBR test (96 h) (%) 
CBR test (96 h) (%) 05 

Swelling at 96 h (%) 5.3 

Oedometer test 

Initial void ratio e₀ 1.58 

Swelling pressure (kPa) 186 - 457 

Free swelling at 96 h (%) 22 

 
Table 2. Geotechnical characteristics of dune and beach sand. 

Property 
Dune sand 

(DS) 
Beach sand 

(BS) 

Grain size analysis 

Ф < 2 mm 100% 99.2% 

Ф < 0.080 mm 11% 2% 

Curvature coefficient Cc 1.61 1.02 

Uniformity coefficient Cu 3.50 1.89 

Unit weight 
γd (kN/m3) 16.03 15.52 

γs (kN/m3) 24.88 26.18 

Proctor Normal test 
Optimum water content ωop (%) 9.8 6.38 

Maximum dry density γdmax (kN/m3) 17.5 17.7 

Sand equivalent 
Visual 70 98 

Piston 57 92 

GTR classification B1 B1 

 
To assess the influence of lithostabilization on the mechanical performance of 

the studied materials, portions of sand were added to the marl excavated materi-
als. The dry marl was first crushed and sieved through a 5 mm mesh. Mass pro-
portions of 15%, 25%, 35%, and 45% sand were added to the sieved marl and thor-
oughly mixed by hand before being moistened. The mixture was thoroughly blended 
until a sufficiently homogeneous material was obtained. It was then placed in an 
airtight container and left to cure for four hours at room temperature before test-
ing. 
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The physical and mechanical behavior of the different formulations was deter-
mined through a series of geotechnical tests. The test results made it possible to 
assess the influence of lithostabilization on the mechanical performance of the 
Diamniadio marl excavated materials. To evaluate the suitability of the improved 
materials for use in embankments and road subgrades, the results were compared 
to recommended standard values. 

3. Results and Discussion 
3.1. Geotechnical Characterization of the Study Materials 

The physical characterization of the marl spoil involved particle size analysis, de-
termination of soil consistency state, specific gravity, and methylene blue value. 
The mechanical characterization tests were mainly focused on shear strength, 
bearing capacity, swelling potential, and compressibility of the marl spoil. Table 
1 summarizes the geotechnical characterization results of the marl spoil collected 
in the Diamniadio urban hub. Figure 2 and Figure 3 respectively show the particle 
size distribution curve and the Proctor curve of the raw marl spoil. 
 

 

Figure 2. Grain size distribution curve of sands. 
 

 

Figure 3. Grain size distribution curve of marl spoil. 
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The dry density values obtained and reported in Table 1 indicate that the marl 
spoil ranges from loose to dense soils. Particle size analysis of the samples con-
firms that they are primarily composed of fine soils, with most particle diameters 
smaller than 0.08 mm. It also shows that the spoil contains significant clay frac-
tions (38%) (Table 1). 

The Atterberg limit test results reveal that the studied spoil consists of low-plas-
ticity clays. According to the indirect classification proposed by [7], the marly-
limestone spoil has a high swelling potential. The methylene blue values (VBS) con-
firm the clayey nature of the spoil, indicating high swelling susceptibility based on 
the [8] classification table. The results of the physical characterization classify the 
spoil as fine soils of type A2 accordind to the GTR classification system. The cal-
cium carbonate content obtained further confirms that the spoil mainly consists 
of marly to marly-limestone soils. In fact, boreholes carried out in the sampling area 
show a subsurface composed of compact blackish clays with limestone concretions, 
overlain by alternating layers of beige marl, marly limestone, and whitish limestone. 

Free swelling recorded after 72 hours of immersion in the oedometer reveals 
that the marls from the Diamniadio urban hub are potentially expansive (Table 
1), with a high risk of shrink-swell behavior. The swelling pressures obtained from 
marls sampled on the same site range between 186 kPa and 457 kPa. 

Bearing capacity tests show that the marl spoil is unsuitable for use as subgrade 
material for road pavement. The swelling values of the marl spoil after CBR mold 
immersion largely exceed the maximum allowable swelling value for platform ma-
terials, which is 1% [9]. 

The geotechnical characterization of the marl spoil therefore demonstrates that 
these materials cannot ensure satisfactory performance when used as backfill 
without prior treatment, particularly in the presence of water. In their raw state, 
these soils are difficult to use and highly susceptible to shrink-swell risks. 

3.2. Lithostabilization of Diamniadio Marly-Limestone Spoil 

To modify the properties of the marl spoil and improve its mechanical perfor-
mance, lithostabilization was carried out. Sand contents of 15%, 25%, 35%, and 
45% of dune sand (DS) and, separately, beach sand (BS) were added to the marl 
spoil. Table 2 presents the geotechnical properties of the lithostabilizing sands. 
Dune sand from Sébikhotane has a poorly graded and wide particle size distribu-
tion with 10.8% fines, while beach sand from Bargny is poorly graded and uni-
form, with only 2% of particles smaller than 0.08 mm (Figure 2). 

The results of the physical and mechanical characterization of the mixtures are 
presented in Table 3 and Table 4. Figure 4 and Figure 5 respectively show the 
Proctor compaction curves of the marl spoil mixed with dune sand and with beach 
sand. 
 
Table 3. Influence of dune sand (DS) on the geotechnical properties of marl spoil. 

% Dune sand (DS) 0 15% 25% 35% 45% 

Specific gravity γs (kN/cm3) 28.1 26.4 26.6 26.8 26.3 
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Continued 

Atterberg 
limit test 

wL (%) 44.2 30.8 32.1 24.2 19.27 

wP (%) 22.29 17.1 15.7 16.91 12.13 

IP (%) 21.9 16.52 16.40 7.3 7.15 

Proctor test 
ωop (%) 14.1 9.4 8.8 8.4 8.4 

γdmax (kN/cm3) 17.82 19.80 19.82 20.23 20.80  

CBR test 
CBR (96 h) 5 9 11 14 12 

Swelling (%) 0.82 0.094 0.074 0.047 0.023 

 
Table 4. Influence of beach sand (BS) on the geotechnical properties of marl spoil. 

% Beach sand (BS) 0 15% 25% 35% 45% 

Specific gravity γs (kN/cm3) 28.1 27.1 26.2 26.7 26.4 

Atterberg 
limit test 

wL (%) 44.2 33.6 23.89 20.41 20.41 

wP (%) 22.29 17.1 12.81 8.83 16.53 

IP (%) 21.9 16.5 11.08 11.58 3.88 

Proctor test 
ωop (%) 14.1 11.15 7 6.2 8.2 

γdmax (kN/cm3) 17.82 19.19 20.48 21.28 20.73 

CBR test 
CBR (96 h) 5 7 8.8 14.8 10 

Swelling (%) 0.82 0.118 0.110 0.070 0.047 

 

 

Figure 4. Compaction curve of marl spoil stabilized with dune sand (DS). 
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Figure 5. Compaction curve of marl spoil stabilized with beach sand (BS). 

3.3. Discussion 

Geotechnical characterization of the marl spoil reveals low bearing capacity with 
a high swelling potential. Several authors, including [10]-[15], have confirmed the 
expansive nature of soils in Rufisque, which shares the same geological context as 
the Diamniadio urban hub. The CBR values below 10% and swelling values above 
1% render the spoil unsuitable for use as road subgrade. 

Lithostabilization with dune sand or beach sand had a positive effect on plas-
ticity, water sensitivity, and compaction performance of the studied materials. The 
results presented in Table 3 and Table 4 show that adding 15% - 45% sand im-
proves the physical and mechanical properties of the Diamniadio marl spoil. 

The water sensitivity of the mixtures is illustrated by the shape of the compac-
tion curves. Figure 4 and Figure 5 show that the compaction curve of raw marl 
spoil is sharply peaked, indicating high water sensitivity. In contrast, the Proctor 
curves of the marl-sand mixtures are progressively flattened and broadened as 
sand content increases, reflecting reduced water sensitivity. The increase of inert 
material with added sand simultaneously decreases the amount of active fines, 
contributing to reduced plasticity. 

The optimum water content of raw marl (14.1%) decreases with increasing sand 
content, reaching a minimum of 6.2% after adding 35% beach sand (BS), before 
slightly increasing to 8.4% with 35% dune sand (DS) and then remaining stable 
(Table 3 and Table 4). This suggests that beach sand more effectively reduces wa-
ter sensitivity than dune sand. This may be explained by the higher fines content 
of dune sand compared to beach sand, which is much cleaner (Figure 2, Table 2). 
Thus, sand type and gradation play a key role in water sensitivity. A shift of Proc-
tor curves toward lower water contents and higher dry densities is also observed. 
Lithostabilization therefore reduces water sensitivity while increasing the density 
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of the marl spoil. 
For both sands, liquid and plastic limits tend to decrease as sand content in-

creases. Plasticity index is reduced by 67% with 45% beach sand and by 82% with 
45% dune sand. This reduction is due to the simultaneous decrease in both liquid 
and plastic limits, thereby narrowing the plasticity domain. However, the effect of 
beach sand on marl spoil consistency is stronger than that of dune sand, owing to 
its lower fine fraction. These findings are consistent with [16]. The reduction in-
dicates a behavioral change of the mixture, from marly soils toward marly-sandy 
soils, with low-plasticity marl spoil becoming even less plastic. 

The reduction in water sensitivity and plasticity of Diamniadio marl spoil may 
be explained by the decrease in clay fraction caused by sand addition, as sand is 
generally inert. Increasing sand content raises the inert fraction while reducing 
the active fine fraction, which decreases clay-water bonding, total specific surface 
area, and water sensitivity [17]. According to [18], this variation is not linear, 
meaning the reduction is not only due to decreased clay fraction but also to other 
factors, such as clay–clay bond reduction, clay dispersion, and lithostabilizer gra-
dation. Satyanaryana [19] also reported that poorly graded particles tend to cluster 
in voids. 

Table 3 and Table 4 show that the bearing capacity of the marl spoil is im-
proved through lithostabilization. CBR values increase proportionally with sand 
addition up to 35%, after which they begin to decrease. This decline could be ex-
plained by poor particle distribution caused by excessive sand content, leading to 
larger voids between sand grains. The CBR value at 35% dune sand (14%) is slightly 
lower than with 35% beach sand (14.8%). However, CBR improvement at lower 
or higher sand contents is greater with dune sand than with beach sand. 

Linear swelling of lithostabilized marl spoil after 96 hours of immersion de-
creases drastically with added sand (Table 3 and Table 4). Results show that add-
ing 15% - 45% sand reduces swelling by 88.5% - 97.2% with dune sand and by 
90.5% - 98.2% with beach sand. These results are consistent with findings by [1] 
[18] [20]-[24]. At low sand contents (15%), sand particles are dispersed within the 
clay matrix, leading to limited porosity changes and moderate swelling reduction. 
At medium to high sand contents, the added sand creates voids in the soil mass, 
allowing the structure to absorb clay-induced volume changes, which strongly re-
duces swelling [18] [24]-[26]. 

For the same sand content, lithostabilization with beach sand reduces swelling 
more effectively than dune sand, confirming that beach sand is a better stabilizer 
for expansive soils. Dune sand is poorly graded with higher fines, which reduce 
voids in the mixture, while beach sand, with only 2% fines, increases voids and 
reduces swelling. The coarser the sand, the greater the swelling reduction [4] [19] 
[21]. Furthermore, beach sand contains salts, and stabilization is enhanced by the 
combined effect of sand and salts [24]. 

4. Conclusions 

The improvement of the physical and mechanical properties of the Diamniadio 
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marl spoil through sand addition yields highly promising results. The study shows 
that adding dune sand or beach sand directly influences plasticity, water sensitiv-
ity, swelling potential, compaction behavior, and bearing capacity of the spoil. 
Lithostabilized marls present very favorable properties that meet the requirements 
for use in road construction. The study further reveals that the effectiveness of the 
lithostabilizer is strongly affected by its nature and gradation.  

Moreover, this valorization technique offers significant environmental and eco-
nomic benefits, notably by reducing the volume of waste materials sent to landfills 
and limiting the exploitation of virgin quarry resources, thus promoting sustain-
able construction practices.  
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