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road surfacing and construction? This study was conducted to answer this
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ducted on the mining waste rocks. These tests were based on particle size anal-
Copyright © 2025 by author(s) and ysis, Atterberg limits, and the physical behavior of the materials. Through this

Scientific Research Publishing Inc. analysis, the experimental results made it possible to identify these mining
This work s licensed under the Creative wastes, to determine their hydrological nature, and the quality of the wastes to
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http://creativecommons.org/licenses/by/a.0)  belong to the A-1b soil category. The uniformity coefficients (Cu equal to 12.4)

©_® and curvature coefficients (Cc equal to 1.29) show that they have a semi-spread,

non-uniform and well-graded grain size. The plasticity index (PI) is 5%. The

carry a load (traffic). The results of this analysis reveal that these waste rocks

dry density of these waste rocks is 2.17 g/cm’ for an optimal water content of
8.6%. The 95% CBR values of the Modified Optimum Proctor after 4 days of
immersion in water are 39.6, a value greater than 30. They constitute the S5
soils class, which are lateritic gravelly type with a CBR greater than thirty. They
are usable as road bases. These Hiré mine waste rocks can be considered as
potential materials for the construction of road embankments with good rigid
internal stability.
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1. Introduction

Land use planning policy leads to infrastructure development. The construction
of this infrastructure requires earthworks, which consist of cutting and filling.
Mining has experienced considerable growth in recent years, both in terms of
quantity and quality, in the Loh-Djiboua region, specifically in Hiré in the central-
west of Cote d’Ivoire. Hiré is a rapidly expanding urban development. However,
this development also generates significant quantities of waste of no economic
value, which can pose a risk to the environment [1] [2]. To prevent problems as-
sociated with mine tailings, it is possible to use them in embankments. The main
objective of this work is to analyze the geotechnical potential of mine tailings with
a view to their use in road construction. In keeping with the main objective, the
aim will be to identify mining waste rock and understand its granular nature, de-
termine its degree of compaction to support a load (traffic), and determine the
bearing capacity of mining waste rock for use as embankments in road construc-

tion.

2. Experimental Materials and Methods
2.1. Experimental Materials
The raw material (mining waste) was taken, in accordance with site practices,

from the Hiré gold mine following the geographical location in Figure 1. This

mining waste rock is transported to the laboratory for testing.
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Figure 1. Geographic location of the Hiré mining waste rock sampling site.
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This mining waste rock is transported to the laboratory for testing.

2.2. Experimental Methods

The methodological approach is based on:

- Particle size analysis, which involves passing a representative borrowed sample
of the waste rock through stacked sieves with opening diameters decreasing
from top to bottom. The largest particles therefore remain trapped on the
larger diameter sieves to produce the rejects or retained particles, while the
finer particles move to the smaller diameter sieves and constitute the passing
particles. When the masses retained on each sieve become constant, the sieving
process is complete, and all the rejects are weighed. The mass of each reject is
then compared to the initial total mass of the sample collected in the labora-
tory, which allows the calculation of the cumulative passing reject percentages.
The results are plotted on a semi-logarithmic graph using an arithmetic scale
ranging from 0% to 100% on the ordinate and modules expressed on a decimal
logarithmic scale on the abscissa for small values ranging from 0.2 x 107 me-

ters to 2 meters where they construct a granulometric curve according to in

Figure 2.
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Figure 2. Grain size distribution curve of waste soils [3].

From this grain size distribution curve, the HBR (High Research Board) classi-
fication of mine waste rock is performed, the designation of waste soils is identi-
fied, and the curvature coefficient Cc = (d30)*/((d60)d10)) and the uniformity co-
efficient Cu = ((d60))/((d10)) are calculated to characterize the rigid internal sta-
bility of mine waste rocks [4] [5] Table 1.

Table 1. Soil designations according to soil type proportions.

Proportion of Soil Types Terminology Examples
>35% gives the name of the soil Gravel, sand, silt, etc
20% to 35% gives the adjective Gravelly, sandy, etc
10% to 20% A little With traces of clay silt, etc.
<10% defines the Trace
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- Determination of the Atterberg limits (liquidity limit LL using the Cassagrand
cup, plastic limit LP using a roller [6]. The plasticity index IP is the difference
between LL and LP, ie., the extent over which the mine waste soils are malle-
able. It characterizes the water content of the waste rock [7].

- Physical characterization using the modified Proctor method to determine the
dry density and optimal water content, followed by the CBR test for the CBR
at 95% of the OPM after 4 days of immersion in water, according to standards
NF P 94-093 [8] and NF P 94-078 [9], respectively, for the degree of compac-

tion and the CBR bearing capacity of the mine waste soils.

3. Results, Interpretations, and Discussion

3.1. Results and Interpretations

* Granulometry of the Hiré mining waste rock

The size distribution of the different grains in the Hiré mining waste rock is
shown in Figure 3. The distribution of the proportions of the different grains of
the Hiré mine waste soils. The analysis shows that these Hiré mine waste soils are
composed of 10% pebbles, 36% gravel, 44% sand and 3% silt. These soils have a
dominant coarse fraction (sand and gravel) at 80% with 10% large elements then
a small fine fraction (silt and clay) equal to 3%. This grain distribution shows the
homogeneous distribution of the different grain sizes. The Hiré mine waste soils
can be identified as pebbly gravelly sand with a trace of silt. The determination of
the parameters Cc = 1.29 between 1 and 3 and Cu = 12.9 > 6 suggest that the Hiré
mine waste gravelly sands have well-nested grains, exhibit high internal stability

and natural compaction.
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Figure 3. Average particle size curve of Hiré mining waste.

Table 2 shows that depending on the granular composition, there is a low pres-
ence of fine matrix in the Hiré mining waste with 3% of silts while the coarse
matrix (80%) is dominant and consists of 36% of gravels and 44% of sands. The

large elements (pebbles) are in equal proportion to 10%.
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Table 2. Grain size values of Hiré mining waste.

Granular composition of Hiré

Fraction mining waste fractions (%)
Pebbles with a diameter between 20 and 100 mm 10
Gravels with a diameter between 2 and 20 mm 36
Sands with a diameter between 0.2 and 2 mm 44
Silts with a diameter between 0.02 and 0.2 mm 3

* Atterberg limits and Water content

Figure 4 represents the diagram for determining the liquidity limit (LL) of the
Hiré mining waste gravelly sands which is a constant that allows the soil to pass
from a plastic state to the corresponding liquid state on the semi-logarithmic scale
at n strokes equal to 25. The water content corresponding to 25 strokes is the li-
quidity limit LL = 26%. The plasticity limit (PL) on the role of the fine fraction 10
cm long thinned and which breaks around 3 cm in diameter gave the laboratory
results with WP = 25%, therefore PI = 5%. The plasticity index (PI) is low for these
soils. The Hiré mining waste gravelly sands are moderately plastic and stable to

water variation and they can be used as backfill in road technology.
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Figure 4. Result diagram of the liquidity limit of the Hiré gravelly sands.

These mine waste rocks are type A-1b soils (gravelly sands) with a moderately
plasticity index (PI) of 5% according to Table 3. These Hiré mine waste rocks are
identified as pebbly gravelly sands with traces of silt. These gravelly sands have a
semi-spread grain size; the Cu value is 12.4 (range 5 to 20) and the Cc value is 1.29
(range 1 to 3). These various results show that these gravelly sands (mine waste
rocks) from Hiré have strong internal stability and are well graded. The optimal
average dry density is 2.17 g/cm’ with an optimal average water content of 8.6%
according to Figure 4. This optimal average water content made it possible to
obtain, for each compaction energy at 4 days of immersion in water, the CBR

bearing value curves as a function of the dry densities according to Figure 5.
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Figure 5. Curve resulting from the variation in water content as a function of the dry den-

sity of sterile gravelly sands from Hiré.

Table 3. Values of the Atterberg limits of the Hiré mining waste rock.

Atterberg Limits
Liquidity Limit (LL) (%) 26
Plasticity Limit (PL) (%) 21
Plasticity Index (PI) % 5

The results in Figure 6 show that 95% of the California Bearing Ratio (CBR) of
the Modified Optimum Proctor (MOP) after 4 days of immersion in water is on
average 39.6 higher than 30. The Hiré mine waste gravelly sands, classified as S5
soil, are suitable for use as backfill for road engineering structures [5]. Indeed, S5

soils are lateritic gravelly type with a CBR greater than thirty. They are suitable for

use as road bases.
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Figure 6. CBR 95% MOP result curve for the Hiré mine waste gravelly sands.

3.2. Discussion

The Hiré mine wastes are gravelly sand-type soils with some pebbles, including a
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trace of silt, e, 10% pebbles, 36% gravels, 44% sands, and 3% silts. The recom-
mended particle size for the road surface is generally composed mainly of gravel
and sand with a lower fraction of fine particles (d < 0.08 mm). A soil with a spread
grain size will increase performance in terms of rigidity and resistance indicating
a potential for internal stability of this soil to erosion according to [10]. Our work
is consistent with that of [11] [12]. According to [13], a soil with a CBR between
20 and 50 is a very slightly deformable support, which is confirmed by [14]. The
results of physical tests on sterile gravelly sands from the Hiré gold extraction
show that these mining wastes can be reused for embankments in road techniques
for low to medium traffic, which remains in agreement with the work of [4]. The
CBR at 95% MOP greater than 30 and Cc equal to 1.29 is between 1 and 3 and Cu
equal to 12.9 greater than 6 would mean that the coarse matrix of the mining waste
of Hiré is well graded which reflects an internal stability in terms of sufficient ri-
gidity and our results are similar to those of the work of [15] on the valorization
of laterites of Cote d’Ivoire. The absence of clay and the weak fine matrix shows
that the sterile gravelly sands of Hiré do not retain water they are draining with a
low water content 8.6% and a low plasticity index PI 5%. From a plasticity point
of view, the soils studied are not too sensitive to water, therefore they could be
useful in road construction. The distribution of grains in a soil influences the ri-

gidity of this soil. Our results corroborate those of the work of [16].

4. Conclusion

We characterized the Hiré mine waste rock in the Loh-Djiboua district of Cote
d’Ivoire in the laboratory. In terms of grain size, these soils are gravelly sand. The
PI is equal to 5%, which shows that our waste rocks are moderately plastic and
well-drained. Regarding the physical nature, we note that the mine waste rock has
a CBR of 39.6, which indicates that these soils can withstand any load and deform
little. The analyzed waste rock can be used in embankments for road construction.
In a sustainable development policy, these waste rocks could constitute the raw
material for road construction, and the results can be integrated into embankment
design guides for road engineering. However, the use of mining waste can cause
environmental problems due to the drainage capacity of this type of soil, which
could contaminate the aquifer with non-breakable molecules usable by the mining

industry. Studies could be conducted in this regard.
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