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Abstract With a view to improving road materials, particularly low-bearing-capacity laterites, fly ash and cement
are effective binders for enhancing their geotechnical and mechanical properties. This study aims to valorize low-
bearing-capacity laterites for use as base courses in the construction of high-performance pavements. To this end, a
laterite from the quarry located in the village of Thianguel, in the district of Oréfondé (Matam Region, northeastern
Senegal), was treated with 4% silico-aluminous fly ash from the Senegal Chemical Industries (ICS) in Mboro and
CEM I1/B-LL 32.5R Portland limestone cement manufactured by Dangote Cement Senegal S.A. The methodology
adopted is based on an experimental study of mixtures of laterite, fly ash and cement. Geotechnical laboratory tests
were conducted to evaluate the influence of these additives on the physical and mechanical characteristics of the
material. The results show a significant improvement in the performance of the treated laterite. The mixture
containing 4% fly ash and 5% cement exhibited the best performance, with the CBR index increasing from 52 for
the raw laterite to 252 after treatment. These results confirm the technical feasibility of this stabilization method. The
combined use of local laterite, fly ash, and cement constitutes a sustainable, economical, and environmentally
friendly solution, providing a relevant alternative to conventional soil stabilization techniques and contributing to the
development of more efficient road infrastructure in Senegal.
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1. Introduction

Senegal has undertaken an extensive program to
modernize its transport infrastructures, with the aim of
enhancing the quality, efficiency, and accessibility of
mobility services while supporting the country’s
sustainable economic development. The road network, of
which the State is the principal owner and operator,
constitutes one of the country's most significant public
assets. As such, it must be adequately maintained,
upgraded, modernized, and preserved to ensure its long-
term sustainability.

In this context, the preservation of pavement structures
is a major challenge, particularly for roads subjected to
heavy traffic. Improving pavement durability is therefore a
priority for the road sector, as it ensures satisfactory
service levels, reduces maintenance costs, and extends the
lifespan of road infrastructure. The performance of the
materials used in pavement construction plays a crucial
role in achieving these objectives.

Fly ash is a by-product of electricity generation in
pulverized-coal-fired thermal power plants [1]. Rich in
silica and alumina, silico-aluminous fly ash possesses

pozzolanic properties that enable it to react with water and
form stronger cementitious compounds. This reaction
contributes to improving the physical and mechanical
characteristics of lateritic soils, such as bearing capacity,
compressive strength, and durability.

CEM I1/B-LL 325 R is a limestone Portland cement
that complies with the EN 197-1 standard. It contains:

e 65 to 79% clinker;

e 21 to 35% limestone containing a total organic
carbon content of less than or equal to 0.20% by
mass;

e 0 to 5% secondary constituents (fillers).

This study demonstrates that incorporating fly ash and
cement into lateritic soils significantly improves their
geotechnical performance. The results obtained generally
depend on the percentages of fly ash and cement added.
With the addition of 4% fly ash and 5% cement, the
California Bearing Ratio (CBR) increased from 52 to 252.
This improvement opens up promising prospects for the
construction of roads, embankments, and civil engineering
structures at lower cost in developing countries [2].

Thus, the stabilization of laterite with fly ash and
cement constitutes an effective and sustainable solution
for improving the engineering properties of construction
soils while contributing to industrial waste management.
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2. Materials and Methods

2.1. Fly Ash

The fly ash used in this study comes from the Senegal
Chemical Industries (ICS) in Mboro, a town located
approximately 119 km from Dakar, Senegal.

2.2. Cement

The CEM II/B-LL 32.5 R cement used is a Portland
limestone cement manufactured by Dangote Cement
Senegal S.A. located in Pout, a town in Thiés Region,
approximately 29 km from Dakar.

2.3. Thianguel Laterite

The lateritic soil used in this study was extracted from
Thianguel quarry, located in the village of Thianguel
(Matam) approximately 589 km from Dakar, Senegal.

Table 1 and Figure 1 present the geographical location
of the Thianguel quarry.

Table 1. Boundary coordinates of the Thianguel quarry

the Optimum Moisture Content (W) and Maximum Dry
Density (8d max), followed by 3 days of air curing and 4
days of soaking [7,8,9,10,11,12]. The California Bearing
Ratio (CBR) of each mixture was determined at the
Maximum Dry Density and Optimum Moisture Content
after 3 days of air curing followed by 4 days of soaking
[7,8,9,10,11,12].

3. Results & Discussion

3.1. Presentation and Analysis of
Experimental Results

The tests carried out made it possible to characterize the
raw and improved laterite treated with 1% to 5% cement
and 4% fly ash. The results obtained are summarized in
Table 2.

Table 2. Improvement of Thianguel laterite with fly ash and cement

N° Coordinates
Survey X (m) Y (m)

S1 631091 1771227
S2 631120 1771319
S3 631149 1771442
sS4 631030 1771441
S5 630912 1771441
S6 630763 1771378
S7 630675 1771316
S9 630646 1771132
S10 630794 1771194
S11 630943 1771196

Figure 1. Location map of Thianguel quarry

2.4. Experimental Methodology

The collected laterite samples were analyzed in the
laboratory according to the following testing program:

o Particle size analysis (by Sieving) [3];

o Modified Proctor compaction test [4];

o Atterberg limits (AL) test [5];

¢ CBR test [6].

Subsequently, a series of samples was treated with
different cement contents and 4% fly ash to determine the
most effective dosage. Each CBR value was determined at

AL 3d max 0 0
Percentage WL | 1P @) (glem?) W (%) | CBR (%)
Untreated 34 15 2.170 7.2 52

laterite

Laterite +4% | 59 18 2.120 76 82
fly ash

Laterite + 4%

fly ash + 1% 34 16 2.186 6.8 134
cement

Laterite + 4%

fly ash + 2% 32 14 2.191 6.7 171
cement

Laterite + 4%

fly ash + 3% 31 13 2.176 7.0 191
cement

Laterite + 4%

fly ash + 4% 31 11 2172 7.4 214
cement

Laterite + 4%

fly ash + 5% 30 10 2172 7.6 252
cement

3.1.1. Particle Size Distribution Analysis of Thianguel
Laterite

The particle size analysis showed that 14.6% of the
sample passed through the 80 um sieve (Figure 2). It also
showed that the sample consists of 9.3% cobbles, 64.2%
pebbles and gravel, and 8.5% coarse sand.

Figure 2 illustrates the results of the particle size
distribution analysis.
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Figure 2. Particle size analysis of the Thianguel untreated laterite
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3.1.2. Geotechnical Properties of the Stabilized
Laterite

Figure 3 presents the evolution of the main geotechnical
characteristics of Thianguel laterite as a function of
increasing cement content, while maintaining a constant
fly ash content of 4%. It highlights the evolution of the
CBR bearing capacity, which progressively increases with
the cement content. This trend reflects the significant
improvement in the bearing capacity of the laterite
following stabilization.
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Figure 3. Study of Thianguel laterite treated with fly ash and cement

3.1.3. Modified Proctor Test Results

Figure 4 presents, for each curve, a maximum value of
the dry density of the soil obtained at a specific moisture
content, referred to as the Optimum Moisture Content.
These two values constitute the Modified Proctor
compaction characteristics.

Dry densities in gfem3
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- Ash 4%+Cement 2%
—— Ash 4%+Cement 5%

6 Water content %5
—— Ash 4%~Cement 1%
= Ash 4%+Cement 4%

- 5
= Ash 4%+Cement 0%
Ash 4%+Cement 3%

Figure 4. Modified Proctor compaction curves of laterite treated with fly
ash and cement

3.1.4. Evolution of CBR Bearing Capacity
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Figure 5. California Bearing Ratio (CBR) of Laterite Improved with 4%
Fly Ash and Cement

Figure 5 shows the bearing capacity of each sample,
expressed as the California Bearing Ratio (CBR), which is
used to assess the resistance of the material to penetration
and its load-bearing capacity.

3.2. Determination of the Optimum Content

We observe that the California Bearing Ratio (CBR),
which was 52 for the raw laterite and 82 for the laterite
treated with 4% fly ash [10], increased as follows:

o 134 with 4% ash and 1% cement;

o 171 with 4% ash and 2% cement;

¢ 191 with 4% ash and 3% cement;

e 214 with 4% ash and 4% cement;

e 252 with 4% ash and 5% cement.

These results demonstrate a significant improvement in
the bearing capacity of the laterite treated with 4% fly ash
and increasing cement contents. The CBR reached a
maximum value of 252 with the addition of 5% cement,
corresponding to the optimum mechanical performance of
the treated material.

The combined incorporation of 4% fly ash and 5%
cement significantly enhanced the  mechanical
performance of the laterite up to the optimum dosage.

The optimum mixture consists of 4% fly ash and 5%
cement, as it provides:

o the highest bearing capacity (CBR = 252);

e good stability;

o satisfactory compaction characteristics;

¢ an overall improvement in geotechnical properties of
the laterite.

4. Conclusion

The geotechnical study carried out on the Thianguel
laterite stabilized with fly ash and cement demonstrates
that the addition of these two binders significantly
improves the mechanical characteristics of the material.
The test results revealed a slight and progressive decrease
in Atterberg limits with increasing cement content.

The results indicate that the most significant
improvement is in the material's bearing capacity, as
reflected by the increase in the California Bearing Ratio
(CBR).

The CBR increased from 52 for the raw laterite to a
maximum value of 252 with the addition of 4% fly ash
and 5% cement, indicating a substantial improvement in
the material's strength and stability.

Therefore, the optimum mixture consists of 4% fly ash
and 5% cement, providing the best compromise between
compaction characteristics and mechanical performance.
This mixture is recommended for use in pavement layers,
particularly as a base course material for high-
performance pavements.
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