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Abstract

This study falls within the framework of promoting alternative materials in
road geotechnics. Its objective is to characterize dam sediments, identified as
alternative materials in terms of their physico-chemical and mechanical prop-
erties, for road applications. To this end, a sample collection campaign was
conducted at three hydraulically connected sites in the city of Ouagadougou,
Burkina Faso. The results of the analyses show varying physico-chemical char-
acteristics depending on the sampling points. The sediments generally consist
of clay, sand, and silt in their particle size distribution, with a small and vari-
able gravel fraction depending on the excavation points. The maximum diam-
eter reaches 25 mm in excavation pits A7 and C4 of the stream and dam No.
2, respectively. In these sites, the sediments are “non-plastic or slightly plas-
tic”, with a pH ranging from acidic to alkaline. From a mechanical standpoint,
the excavation pits from the stream (A5, A7) and dam No. 1 and 2 (B4 and C4)
show favorable bearing capacity at 98% compaction (I.CBR > 25), for use both
as a subgrade layer and as a foundation layer of pavement. Their low linear swell-
ing reflects the insensitivity of the constituent layers of these excavation pits
to water. Those with an I.CBR between 5 and 15 (A3, A9, Al, A2, A4, A6, Bl,
B5, B6, B7, B8, B9, C1, C5, C6, and C9) are suitable only for subgrade layers,
with any necessary correction of the fine fraction before implementation, ac-
cording to CEBTP recommendations. Similarly, excavation pits A8, B2, B3,
C2 and C3 (I.CBR < 5) also require possible improvement in order to meet
CEBTP requirements.
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1. Introduction

The accumulation of sediment at the bottom of hydraulic structures [1] [2], such
as dams, is a current national and international issue for the efficient management
of water resources. In addition to the effects of erosion, this problem is also exac-
erbated by human activities [1] [2], carried out on the banks of these structures
during the dry season. Faced with this problem, dredging operations are often
essential to mitigate the risk of flooding and promote the sustainable management
of water infrastructure. This issue remains particularly relevant in Burkina Faso
[3]-[8], where recent dam dredging initiatives demonstrate the importance placed
on restoring the water storage capacity of dams to contribute to strengthening
agricultural, pastoral, and fishing activities.

From a sustainable development and environmental protection perspective, in
the face of climate change, sediment management cannot be limited to its extrac-
tion. It is also necessary to consider its potential uses. Thus, faced with the high
consumption of natural materials in civil engineering and the difficulty of access-
ing these resources in certain areas, public stakeholders and the scientific commu-
nity are increasingly focusing on research into alternative materials that can meet
the growing needs of the construction sector.

Several research studies have been dedicated to the valorization of sediments in
various civil engineering applications [2] [9] [10]-[12]. One of the most advanced
applications from an experimental standpoint concerns road construction [1]
[13]-[21]. Related applications include aggregates [12] [22] [23], brickmaking [24]-
[27], cement-based materials [2] [28]-[32], and so on. Despite advances in research
in this field, knowledge regarding the characteristics of dam sediments in Burkina
Faso remains limited. Available data are still insufficient to assess their suitability
for use in road construction, particularly in the case of dams originating from the
same hydraulic system. The study of hydraulically interconnected sites is of par-
ticular interest, however, as hydrological interactions and sediment transport pro-
cesses can influence the nature and properties of the deposits accumulated in these
reservoirs.

This work focuses on three hydraulically connected sites located in the city of
Ouagadougou, Burkina Faso. The objective of the study is to characterize the
physico-chemical and mechanical properties of the sediments sampled from these
three hydraulically interconnected sites in order to assess their suitability for use
in road geotechnics. Thus, this research aims to answer the following question: do
the collected sediments possess sufficient characteristics for use in road construc-

tion? The hypothesis is that these extracted materials possess acceptable proper-
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ties allowing their use in pavement layers, in accordance with current regulations.
The results of this research will contribute to a better understanding of dam sedi-
ments in Burkina Faso and to the identification of new alternative resources for

road construction.

2. Materials and Methods

The study carried out is intended to be experimental for an evaluation of the phys-
ico-chemical and mechanical properties of sediments for use in road geotechnics.

The framework of the study is as shown in Figure 1 below:

Study of the heterogeneity of
the layers

‘ Collection of samples ‘

‘ Identification of study sites ‘ - .
Physical and chemical

characterization tests

Collection of excavation pit
samples by layer at different

depths
Homogenisation of the layers
o of each excavation pit
;: 0.00 - 0.05 m
L
ko) 2 0.05-0.50 m Physical, chemical and mechanical
° characterization tests
25 Lo} 050-1.00m i
< O
£8
> 8

Analysis and discussion of results

Figure 1. Study framework.

2.1. Materials Used

2.1.1. Sediments

The sedimentary materials used in this study come from three (03) sites in Burkina

Faso, precisely in the province of Kadiogo. These are the sediments from:

— Stream, at the geographical coordinates 12°22'44.20" north latitude and
1°34'38.80" west longitude;

— dam No. 1, at the geographical coordinates 12°22'53.48" north latitude and
1°33'51.35" west longitude;

— dam No. 2, at geographic coordinates 12°23'21.35" north latitude and 1°32'4.97"
west longitude.

These three sites are hydraulically interconnected and are located in the city of
Ouagadougou. Thus, the sampling process was carried out according to the re-
quirements of standard XP P 94-202 [33], through the execution of excavations of
1 m? sections and at various depths. Figure 2, illustrates the execution of the ex-
cavations carried out in the study sites in order to take the samples. The depths of
the sampling layers of the excavation pits are generally from 0 to 5 cm, 5 cm to 50
cm and 50 cm to 1 m, with the exception of excavations marked by certain ob-
served constraints (the presence of rocks, water, grass, etc.).

The sampling campaigns were conducted during the dry season in April 2024.

Only one sampling campaign was carried out at each site. This period was chosen
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to ensure accessibility to the sampling areas and to obtain sediments representa-
tive of the depositional conditions. It should be noted, however, that certain prop-
erties of the sediments, particularly their water and organic matter content, can

exhibit seasonal variations linked to hydrological conditions and human activities.

Step 1 : Delimitation of the excavation
section

Step 4 : Measuring the excava-

tion depth N Step 3 : Sample collection ..

Figure 2. Process for collecting sediments from sites.

2.1.2. Auxiliary Materials and Reagents Used

As part of the experimental study, reagents are used for lab analyses. These include
water (current and distilled) complying with standards NF EN 1008 [34] et NF
EN ISO 3696 [35], as well as chemical reagents such as methylene blue and potas-
sium dichromate, the manufacture of which is governed respectively by standard
NF EN ISO 6353-2 [36] et NF P 94-055 [37].

2.2. Methods Used

2.2.1. Sample Preparation

The preparation of the samples before the analysis was carried out in several
stages. Figure 3 describes the process carried out. This first step consists of drying
the wet sediments in the open air on polyethylene film in order to eliminate the
water and remedy any deterioration in the characteristics of the samples during
the storage phase. The dried samples are then stored in sampling bags, after re-
ducing the aggregated clumps. The assembly is well labeled according to the pro-
visions of standard XP P 94-202 [33], for quick and easy identification of samples
during lab tests.
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Step 2 : Reduction of clumps
[ |

B

éteﬁ‘3 trag of sediment in bags

Figure 3. Preparation of sediment samples.

2.2.2. Characterization Method

a. Characterization of layer variability and homogenization

The sediments studied are subjected to physical and chemical characterization
tests for an analysis of their properties for the constitution of the mixture repre-
sentative of each excavation pit of the sites. This mixture also underwent second-
ary characterization to determine its physical and chemical properties before me-
chanical characterization tests. Thus, the characteristics evaluated include:

— the composition of the particle size fractions and the Dmax by the particle size
analysis test [38] [39];

— the natural water content in accordance with standard NF P 94-050 [40];

— the bulk and absolute density according to standard NF P 94-053 et NF P 94-
054 [41] [42];

— the plasticity through the determination of Atterberg limits according to
standard NF P 94-051 [43];

— the methylene blue adsorption capacity of sediments according to standard NF
P 94-068 [44];

— the organic matter content in accordance with standard NF P 94-055 [37];

— the hydrogen potential following the requirements of standard NF ISO 10390
(45];

The identification parameters highlight a variability of sediment characteristics
in the excavation layers. Thus, this approach makes it possible to identify the crit-
ical threshold of organic matter for use on roads according to the CEBTP (OM <
3% and 2%, respectively for platform and foundation layer) and the GTR (OM <
3%) [46]-[48], such as illustrated in Table 1. The organic matter content retained
in the present study must not exceed 2% in accordance with the CEBTP in the

local context.
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Table 1. Organic matter content of the sites of the stream and dam No. 1 and No. 2.

Stream Dam No. 1 Dam No. 2

Excavation 1Co 2Co 3Co Excavation 1Co 2Co 3Co Excavation 1Co 2Co 3Co

Al 3.07 1.22 0.55 B1 3.15 0.87 Cl1 3.14 0.59 0.43
A2 3.01 0.80 B2 3.15 0.93 0.50 C2 3.57 0.39 0.27
A3 3.09 0.83 0.48 B3 3.20 0.22 0.24 C3 3.15 0.70 0.53
A4 3.08 1.36 1.13 B4 3.11 0.95 0.38 C4 3.01 0.84

A5 3.02 0.95 0.50 B5 3.12 1.15 047 C5 3.02 094 0.77
A6 3.05 0.78 0.41 Bé6 3.14 0.81 0.55 Cé6 3.46 0.96 0.76
A7 3.08 0.65 0.52 B7 3.50 1.86 0.25 C7 3.52

A8 3.03 1.82 1.17 B8 3.50 0.36 0.18 C8 3.55

A9 3.11 0.90 0.67 B9 3.12 0.34 C9 3.10 0.87 0.44

Abbreviation: 1Co: first layer; 2Co: second layer; 3Co: third layer.

Table 1 highlights the fact that the surface layers of the sites of the stream and
dam no. 1 and no. 2, contain quantities of organic matter exceeding the defined
threshold. These sediment layers, which do not comply with the geotechnical re-
quirements for organic matter according to the CEBTP, are excluded from the
formulation of the mixture of the excavation pit layers for the mechanical charac-
terization.

» Composition of representative mixtures

After excluding the first layers with an organic matter content exceeding 2%,
the layers were homogenized. A representative mixture from each excavation was
prepared, using equal proportions of the dry mass of each layer. Table 2 shows

the composition of the formulated mixtures from each site.

Table 2. Composition of representative mixtures from each site.

Stream Dam No. 1 Dam No. 2
Excavation Mixing Excavation Mixing Excavation Mixing
Al 2Co + 3Co Bl 2Co C1 2Co + 3Co
A2 2Co B2 2Co + 3Co C2 2Co + 3Co
A3 2Co + 3Co B3 2Co + 3Co C3 2Co + 3Co
A4 2Co + 3Co B4 2Co + 3Co C4 2Co
A5 2Co + 3Co B5 2Co + 3Co C5 2Co + 3Co
A6 2Co + 3Co B6 2Co + 3Co Cé6 2Co + 3Co
A7 2Co + 3Co B7 2Co + 3Co C7 Nothing
A8 2Co + 3Co B8 2Co + 3Co C8 Nothing
A9 2Co + 3Co B9 2Co C9 2Co + 3Co
Total mixture 9 Total mixture 9 Total mixture 7

Abbreviation: 2Co: second layer; 3Co: third layer.
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In Table 2, the second layers of excavations A2, B1, B9, and C4 are used as
representative samples. Indeed, two sampling layers were carried out at these ex-
cavations due to environmental constraints (presence of water, armor plating,
etc.). Thus, with the first layer excluded, the second layers were used as a repre-
sentative sample for these excavations. The absence of a representative mixture in
excavations C7 and C8 is explained by the following reasons:

— the presence of water and waste in the environment during sampling, which
did not facilitate their use (field observation);

— only one sampling layer was carried out to confirm the field observation (pres-
ence of organic matter) through lab testing;

— their high proportion of organic matter (greater than 2%) at the end of lab
tests.

In the end, the physico-chemical and mechanical tests of the representative
mixtures were carried out on:

— 9 samples for the stream;
— 9 samples for dam no. 1;
— 7 samples for dam no. 2.

b. Mechanical characterization

Mechanical characterization involves evaluating the compaction and bearing
capacity properties of sediments. This determination was carried out in accord-
ance with the requirements of standards NF P 94-078 [49] and NF 94-093 [50].

3. Results

The results presented in the following paragraphs concern the characteristics of

representative mixtures from each site excavation. These are the mixtures of the

sedimentary layers carried out after the identification of the critical threshold of

organic matter. For better analysis of the results, the samples are labeled as follows:

— Al to A9, for representative mixtures of the sedimentary layers from the exca-
vations in the stream;

— B1 to BY, for representative mixtures of the sedimentary layers from the exca-
vations at dam No. 1;

— Cl to C9, for representative mixtures of the sedimentary layers from the exca-

vations at dam No. 2.

3.1. Physico-Chemical Properties

3.1.1. Physico-Chemical Properties of Excavations in the Stream
Table 3 presents the physico-chemical properties of the sediments evaluated after
lab tests.

The results obtained show that the stream is characterized by a dominant pro-
portion of clay, silt, and sand in its particle size distribution (Table 3). Relatively
significant gravel fractions appear in excavation pits A3 (8.61%) and A7 (7.90%).
The maximum diameter obtained for all excavations at the site is 25 mm. The

sediments are mostly “non-plastic”, except for those in A4 (IP = 14.5%), which
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exhibit low plasticity according to standard XP P 94-011 [51]. The stream is also
distinguished by a low organic matter content (OM < 2%), indicating inorganic
sediments conforming to CEBTP requirements [46] [51], and a relatively high
natural water content in excavation pit A8 (Wn = 28.39%). Across the entire pro-
file, a variable and relatively acidic-basic pH is observed. The methylene blue value
is relatively high in excavation pit A6 (Vss = 2.17) compared to the others, which

are relatively low.

Table 3. Physico-chemical properties of sediments from excavations of the stream.

Particle Size Fractions Other Characteristics

Designation

D
Cl Si Sa Gr Ir Wn OM Vss PH pi  pup
max

Al 29 41 2446 554 16 7.5 14.31 0.88 1.06 7.22 2.57 1.22
A2 30 42 2359 441 8 5 257 0.80 1.71 7.91 2.61 1.20
A3 34 22 3539 861 125 10 13 0.65 1.29 6.85 2.60 1.18
A4 395 375 2225 0.75 8 14.4 22.66 1.25 1.06 5.84 2.55 1.08
Excavation A5 23 55 18.07 393 10 7 1.73 0.73 0.72 6.62 2.42 1.28
A6 45 35 17.96 2.04 12.5 11 24.99 0.60 2.17 7.36 2.61 1.18
A7 205 36 356 79 25 5 278 0.59 0.76 6.89 2.59 1.36
A8 53.5 30.5 15.09 091 10 12 28.39 1.49 1.53 5.82 2.61 0.97
A9 22 39 3721179 10 5 2.66 0.79 0.70 6.05 2.53 1.31
Mean 329 37.6 255 4.0 124 85 126 09 122 67 26 1.2
SO 112 89 85 29 53 35 107 03 0.5 0.7 0.06 0.12
Cv 34 24 33 73 43 41 85 33 41 10 2 10

Statistical
parameters

Abbreviation: Cl: Clay fraction (%); Si: Silt fraction (%); Sa: Sand fraction (%); Gr: Gravel
fraction (%); Dmax: Maximum diameter (mm); Ip: Plasticity index; Wn: Natural water
content (%); OM: Organic matter content (%); Ves: Methylene blue value; PH: Hydrogen
potential; pa: Absolute density (g/cm?); pagp: bulk density (g/cm?); Mean: Mean; SD Stand-
ard Deviation; Cv: Coefficient of variation.

Thus, the evaluation of the standard deviations and coefficients of variation of
the samples for each characteristic, allows to identify two groups of parameters.
These are:

— Relatively homogeneous parameters (pH, absolute and bulk density, silt and
sand fraction, organic matter content), indicating low dispersion across the
entire site.

— Variable parameters (gravel fraction, natural water content, Dmax, plasticity
index, methylene blue value, clay fraction) reflecting significant spatial heter-

ogeneity.

3.1.2. Physico-Chemical Properties of Excavations in the Dam No. 1
Table 4 illustrates the physico-chemical properties of the sediments obtained after
lab tests.
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Table 4. Physico-chemical properties of sediments from excavations of the dam No. 1.

Particle Size Fractions Other Characteristics
Designation D
Cl Si Sa Gr max Ip Wn OM Vss PH po pap

B1 25.5 325 4061 139 125 5 090 0.87 0.60 6.96 2.63 1.24
B2 36 41 2054 246 8 10 16.73 0.71 1.70 7.31 2.63 1.20
B3 375 36.5 2347 253 8 11 15.80 0.23 1.64 7.11 2.63 1.23
B4 17 31.5 4493 6.57 20 4.5 13.03 0.67 0.55 7.27 2.57 1.43
Excavation B5 325 355 30.15 1.85 63 8 19.40 0.81 1.35 7.11 2.61 1.18
B6 34.5 34.5 28.67 233 10 10.2 22.70 0.68 1.30 7.02 2.60 1.20
B7 38 455 1244 4.06 10 11 28.78 1.06 1.05 6.60 2.55 1.01
B8 45.5 38.5 1503 097 10 17.5 32.92 0.92 1.63 6.29 2.50 0.93
B9 28 33 2824 10.76 12,5 19 6.78 0.34 0.78 7.36 2.62 1.12
Mean 32.7 36,5 27.1 3.7 10.8 108 174 0.7 12 7.0 2.6 1.2
SD 83 45 108 31 40 49 101 03 05 0.350.05 0.1
Cv 25 12 40 84 37 45 58 43 42 5 2 8

Statistical
parameters

Abbreviation: Cl: Clay fraction (%); Si: Silt fraction (%); Sa: Sand fraction (%); Gr: Gravel
fraction (%); Dmax: Maximum diameter (mm); Ip: Plasticity index; Wn: Natural water
content (%); OM: Organic matter content (%); Ves: Methylene blue value; PH: Hydrogen
potential; pa: Absolute density (g/cm?); papp: bulk density (g/cm?); Mean: Mean; SD Stand-
ard Deviation; Cv: Coefficient of variation.

In dam no. 1, the results in Table 4 highlight a predominance of clay, silt, and
sand in the particle size distribution of the sediments. The gravel fraction is rela-
tively low and varies depending on the excavations. The maximum diameter rec-
orded at the site, for all excavations, is 20 mm. The sediments are generally “non-
plastic”, with the exception of those in B8 (Ip = 17.5) and B9 (Ip = 19), which are
slightly plastic according to standard XP P 94-011 [51]. At this site too, the organic
matter content is low and complies with the requirements of the CEBTP (OM <
2%) [46]. The natural water content fluctuates depending on the excavations, with
the highest value obtained being 32.92% (excavation B8). Furthermore, the results
show that the excavations are predominantly alkaline, according to the pH test
[45]. Indeed, excavations B2, B3, B4, B5, B6 and B9 are characterized by a pre-
dominance of alkaline sediments compared to those of B1, B7, and B8, which are
acidic. The methylene blue values are relatively lower (Vgs < 2.5), indicating
slightly clayey sediments according to standard NF P 11-300 [47].

Thus, the evaluation of the standard deviations and coefficients of variation of
the samples for each characteristic, allows to identify two groups of parameters.
These are:

— Relatively homogeneous parameters (pH, absolute and bulk density, silt and
clay fractions), indicating low dispersion across the entire site.
— Variable parameters (gravel and sand fraction, natural water content, Dmax,

plasticity index, methylene blue value, organic matter content) reflecting sig-
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nificant spatial heterogeneity.

3.1.3. Physico-Chemical Properties of Excavations in the Dam No. 2
Table 5 presents the physico-chemical properties of the sediments obtained after
lab tests.

Table 5. Physico-chemical properties of sediments from excavations of the dam No. 2.

Particle Size Fractions Other Characteristics
. . D
Designation CL 8 Sa Gr _Ir Wn OM Vis PH pu pup
ax

Cl 33 30 3420 280 8 10 23.58 0.51 0.97 6.58 2.63 1.10
C2 205 51.5 24.08 392 16 6 20.54 0.33 1.20 7.65 2.57 1.08
C3 275 505 21.12 088 8 8 1.80 0.61 1.47 7.21 2.60 1.27
Excavation C4 8.5 19 22.02 5048 25 4.5 12.54 0.84 0.34 6.47 2.80 1.25
C5 40 43 16.64 036 8 12 31.08 0.85 1.34 6.02 2.47 1.11
Cé6 42 31 2556 144 8 9 2420 0.86 1.42 6.48 2.49 1.12
C9 29 43 2416 3.84 20 11 3.40 0.65 0.77 7.15 2.56 1.26
Mean 28.6 38.3 24 9.1 133 8.7 167 0.7 1.1 68 26 1.2
SO 115 120 54 183 7.1 26 11.1 0.2 04 056 0.1 0.1
Cv 40 31 23 201 53 30 66 29 36 8 4 8

Statistical
parameters

Abbreviation: Cl: Clay fraction (%); Si: Silt fraction (%); Sa: Sand fraction (%); Gr: Gravel
fraction (%); Dmax: Maximum diameter (mm); Ip: Plasticity index; Wn: Natural water
content (%); OM: Organic matter content (%); Ves: Methylene blue value; PH: Hydrogen
potential; pa: Absolute density (g/cm?); pagp: bulk density (g/cm®); Mean: Mean; SD Stand-
ard Deviation; Cv: Coefficient of variation.

In dam no. 2, the results in Table 5 show a significant percentage of clay, silt, and
sand in the particle size distribution. The gravel fraction is relatively low in excava-
tions C1, C2, C3, C5, C6 and C9 compared to excavation C4, which shows a high
gravel proportion (50.48%) across the entire studied profile. The maximum diame-
ter obtained for all excavations, is 25 mm. The sediments are characterized by a
“non-plastic” state according to the evaluated plasticity index [51], with a low pro-
portion of organic matter (OM < 2%), conforming to CEBTP requirements [46].
Within the site, the natural water content varies according to the excavations and is
higher at excavation C5 (31.08%). Furthermore, Table 5 shows a large majority of
excavations with acidic characteristics across the entire study section, according to
the pH test [45]. Indeed, the C1, C4, C5 and C6 excavations are characterized by a
predominance of sediments with acidic properties compared to those of C2, C3 and
C9 which are basic. The methylene blue values are relatively lower (Vgs < 2.5), illus-
trating sediments with low clay content according to standard NF P 11-300 [47].

Thus, the determination of the standard deviations and coefficients of variation
of the samples for each characteristic, allows to identify two groups of parameters.
These are:

— Relatively homogeneous parameters (pH, absolute and bulk density, silt and
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sand fraction, plasticity index, organic matter content), revealing low disper-
sion across the entire studied profile.
— Variable parameters (gravel and clay fraction, natural water content, Dmax,

methylene blue value) reflecting significant spatial heterogeneity.

3.2. Mechanical Properties

3.2.1. Compaction Characteristics of Excavations
The results of the modified Proctor tests carried out, in accordance with the re-
quirements of NF P 94-093 [50], are shown in Figures 4-6.

The graphs generally illustrate the bell-shaped curve, reflecting the evolution of
dry density as a function of water content. They indicate the existence of a Modi-
fied Proctor Optimum (MPO), corresponding to the optimal water content at
which maximum dry density is reached.

Figure 4 presents the Modified Proctor curves of the excavations in the stream.
At this site, excavations A4 (17.1%; 1.83 g/cm®) and A8 (17.2%; 1.72 g/cm?) exhibit
the lowest characteristics at the MPO. Their high optimal water content may suggest
a significant sensitivity to water in these constituent layers. In comparison, excava-
tions A1 (12.9%; 1.955 g/cm?), A2 (10.1%; 1.96 g/cm’), A3 (12.4%; 2.03 g/cm?®), A5
(10.9%; 2.005 g/cm?), A6 (11.0%; 2.00 g/cm?), and A9 (11.7%; 2.035 g/cm?) exhibit
average characteristics at the MPO, while excavation A7 (9.4%; 2.165 g/cm®) con-
tains the highest MPO compaction reference value on the site.
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Figure 4. Modified Proctor curves of excavations in the stream.
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Figure 6. Modified Proctor curves of excavations in the dam No.2.

In Figure 5, the curve for excavation B1 (11.5%; 1.83 g/cm?) shows the lowest
reference to the MPO of dam No.1, compared to the average compaction refer-
ences observed on the curves for excavations B2 (12.2%; 1.86 g/cm’), B3 (11.6%;
1.91 g/cm?®), B5 (10.4%; 1.95 g/cm?), B6 (11.9%; 1.92 g/cm?®), B7 (13.7%; 1.805
g/cm?), B8 (17.4%; 1.77 g/cm?®), and B9 (11.4%; 1.84 g/cm?). Thus, the highest
compaction curve at the site is obtained in excavation B4 (9.5%; 2.08 g/cm?).

At the site of Dam No. 2 (Figure 6), the lowest compaction curve was recorded
in excavation C5 (15.3%; 1.84 g/cm®) compared to the average curve found in ex-
cavations C1 (12.8%; 1.965 g/cm’), C2 (10.7%; 1.93 g/cm’), C3 (10.6%; 1.97
g/cm?), C6 (13.3%; 1.89 g/cm’), and C9 (12.8%; 1.87 g/cm?®). Thus, the highest
MPO compaction reference value at the site is identified on the curve for excava-
tion C4 (9.5%; 2.18 g/cm’).

Thus, the variations of the MPO compaction references of the sediments ex-
plain by various factors, including the nature of the constituent layers of the exca-
vations, their particle size distribution, their organic matter content, and the het-
erogeneity of the sedimentary deposits. These parameters contribute to influenc-

ing the maximum dry density and the optimal water content.

3.2.2. Bearing Capacity Characteristics of the Excavation Samples

a. Bearing capacity characteristics of the excavations in the stream

The bearing capacity characteristics obtained from the tests carried out in ac-
cordance with the requirements of standard NF P 94-078 [49], are presented in
Figure 7 and Figure 8. They highlight soaked CBR indexes (I.CBR), linear swell-
ings and variable water contents depending on the excavation points.

In Figure 7, excavation A8 exhibits the lowest I.CBR values compared to the
other excavation pits. Its I.CBR at 98% compaction of the MPO (4.20), is strictly
lower than the minimum value acceptable by the CEBTP at 95% compaction (CBR
=5) [46], for the construction of pavement subgrade layers. It is characterized by
a relatively high sensitivity to water (Wmax = 28.40%). To mitigate any potential
problems, its use for a subgrade layer requires improvement of its bearing capacity
characteristics (treatment with lime, cement, etc.). Furthermore, excavation A4
exhibits a satisfactory I.CBR at 98% of the MPO (7.50 > 5) for the subgrade layer
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according to the CEBTP guide, compared to excavations Al, A2, A3, and A9,
which reveal oneself at 95% of the MPO compaction.

= CBR 90% MPO CBR 95% MPO  ®CBR 98% MPO

Soaked CBR index (I.CBR)
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Figure 7. Soaked CBR performance of stream excavations.
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Figure 8. Maximum water content after soaking and maximum linear swell of stream
excavations.

On this site, excavations A5 and A7 record high I.CBR values at the MPO (Fig-
ure 7), with acceptable values for the pavement layer according to the CEBTP
manual [46]. Their low linear swelling reflects the insensitivity of the constituent
layers of these excavations to water.

Finally, Figure 8 shows a linear swelling in the different excavations that is
strictly less than the maximum value defined by the CEBTP guide (2%) [46]. The
maximum proportion of linear swelling is identified in excavation A6 (1.46%),
and the maximum saturation water content in excavation A8 (28.40%).

b. Bearing capacity characteristics of the excavations in the dam No. 1

The bearing characteristics in dam no. 1, evaluated from standard NF P 94-078
[49], are illustrated in Figure 9 and Figure 10.

At the site of Dam No. 1, the results obtained (Figure 9 and Figure 10) show
variability in I.CBR indexes, linear swellings, and water contents depending on the
different excavations. Figure 9 indicates that excavations B2 and B3 have the low-

est I.CBR values compared to the other excavations. Their I.CBR at 98% compac-
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tion of the MPO (4.10 and 3.60) are strictly lower than the minimum value rec-
ommended by CEBTP at 95% compaction (CBR = 5) for the implementation of
pavement subgrade layers. Their application for subgrade layers therefore re-
quires prior treatment to remedy any problems that may arise during implemen-
tation. In comparison, excavations B5, B8, and B9 only show I.CBR values at 98%
compaction of the MPO of 6.00, 6.10 and 5.90 respectively, all exceeding 5 (ac-
cording to CEBTP). Furthermore, for excavations B1, B6, and B7, the I.CBR values
are only acceptable at 95% compaction of the MPO.
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Figure 9. Soaked CBR performance of dam no. 1 excavations.
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Figure 10. Maximum water content after soaking and maximum linear swell of dam

no. 1 excavations.

In Figure 9, excavation B4 exhibits the highest I.CBR values of the site. Its low
proportion of linear swelling (0.87%) and water content (13.90%), indicates an
insensitivity to water of the constituent layers of this excavation.

Finally, the results also illustrate that the measured linear swelling and water
content are quite significant in some excavations on the site (Figure 10). Indeed,
excavations B6 and B8 show high linear swelling values (2.40% and 2.29%, respec-
tively), exceeding the CEBTP requirements (2%). For potential road use, the con-
stituent layers of these excavations must be treated to reduce their high sensitivity

to water. For excavations B3 and B5, where linear swelling is less than 2%, precau-

DOI: 10.4236/0japps.2026.167133

2349 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2026.167133

A. A.T. Ouedraogo et al.

tions (treatments) should also be considered for potential use.

c. Bearing capacity characteristics of the excavations in the dam No. 2

The results obtained are illustrated in Figure 11 and Figure 12. They highlight
CBR indices, linear swellings and water contents that vary depending on the ex-

cavations.
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Figure 11. Soaked CBR performance of dam no. 2 excavations.
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Figure 12. Maximum water content after soaking and maximum linear swell of dam

no. 2 excavations.

In Figure 11, excavations C2 and C3 exhibit the lowest CBR values on the site
(4.70 and 4.80 respectively at 98% of the OPM), which are below the minimum
value (CBR = 5) recommended by CEBTP for subgrade application. Measure-
ments of their swelling (presented in Figure 12), show proportions (1.97% and
1.30%) that are strictly less than 2% (according to CEBTP). In comparison, exca-
vations C1, C4, C5, C6, and C9 show acceptable CBR values at 95% compaction
of the MPO (greater than CBR = 5 according to CEBTP). Among the excavations
at the site, excavation C4 exhibits high I.CBR values with a very low maximum
linear swelling (0.12%), indicating a very negligible sensitivity to moisture in its
constituent layers.

In Figure 12, linear swelling across all excavations remains below 2% (accord-

ing to CEBTP), with fairly significant water contents observed after soaking in
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excavations Cl1, C2, C3, C5, C6, and C9. Their varying degrees of sensitivity to
water could lead to problems (rapid degradation) in road. Potential improvements

could be implemented before any application.

4. Discussion

4.1. Factors Explaining the Observed Differences in Bearing
Capacity

The comparative analysis of the three hydraulically connected sites reveals gener-
ally similar characteristics. They are composed of a predominance of clay, silt, and
sand fractions, a low organic matter content, and low plasticity according to
standard XP P 94-011 [51]. Despite this apparent similarity, differences are ob-
served in mechanical performance, particularly in terms of bearing capacity as
measured by the I.CBR.

The highest I.CBR values are recorded for excavations A5 and A7 of the stream
(I.CBR = 28 and 32), B4 of dam no. 1 (I.CBR = 31), and C4 of dam no. 2 (I.CBR
= 39). Examination of their particle size distribution shows that these materials
have relatively high proportions of coarse particles (sands and gravels) associated
with low plasticity and low clay activity.

At the level of the stream, excavations A5 and A7 have methylene blue values
of 0.72 and 0.76, respectively, indicating low clay activity. Although A5 has a high
proportion of silt (55%), its clay content remains moderate (23%), and its maxi-
mum diameter reaches 10 mm. Excavation A7 is more distinguished by a higher
proportion of sand (35.6%) and gravel (7.9%), as well as a maximum diameter of
25 mm. Furthermore, observation of the constituent layers of excavations A5 and
A7 during sampling reveals sediments of a sandy and non-plastic nature. Thus,
the textural characteristics of the sediments from these excavations, marked by a
relatively high proportion of gravel particles and low clay activity, appear to be the
main factors contributing to the level of bearing capacity observed. Furthermore,
the homogeneity of the constituent layers of the excavations (A5 and A7) also
contributes to the consistency of the performance obtained.

Excavation B4 of dam no. 1, has a sand content of 44.93%, with only 17% clay
and a plasticity index of 4.5. On-site observation reveals that excavation B4 has a
sandy texture (with homogeneous underlying layers), compared to the other ex-
cavations (B1, B2, B3, B5, B6, B7, B8, and B9). Its particle size distribution reflects
a decrease in the influence of cohesive fines in favor of granular particles. The
reduction in the clay fraction limits water sensitivity and improves the internal
friction of the material, thus promoting the development of higher bearing capac-
ity (I.CBR = 31). Furthermore, the homogeneity of the layers constituting the ob-
served excavation appears to contribute to the stability of the performance ob-
tained in B4.

The best bearing capacity was observed for excavation C4 of dam no. 2, with a
I.CBR of 39. This value appears directly linked to its particular grain size structure,

characterized by a very high proportion of gravel (50.48%) and a maximum diam-
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eter of 25 mm. The significant quantity of coarse elements recorded is explained by
the geological nature of this excavation, observed during sampling (presence of lat-
eritic crust). This geological feature promotes the production of coarse fragments,
enriching the environment with gravelly elements. Thus, the significant presence
of coarse elements allows the formation of a rigid granular skeleton capable of ef-
fectively resisting applied loads. Furthermore, the low clay content (8.5%) and the
low plasticity index (Ip = 4.5) considerably reduce the deformation and water re-
tention effects generally associated with fine materials. This combination of factors
leads to a significant improvement in bearing capacity.

In general, the results obtained show that the bearing capacity of the studied
sediments depends strongly on the texture and variability of the constituent layers
of each excavation. Excavations exhibiting the highest I.CBR values generally cor-
respond to those characterized by homogeneous underlying layers, reduced clay
content, low plasticity, relatively large maximum diameters, and a higher propor-

tion of sand and gravel.

4.2. Comparative Analysis with the Literature

The results highlight the variable physico-chemical and mechanical properties of
the sediments. The sediments consist mainly of clay, silt, and sand, with a rela-
tively small and divergent gravel fraction depending on the excavations. This ob-
servation differs significantly from those of [13]-[16], whose analyses indicate a
complete absence of the gravel fraction in the particle size distribution. This ob-
servation can be explained by the difference in sampling conditions and the min-
eralogical nature of the sediments studied. The particle size characterization
methodology also contributes to this divergence, particularly in the context of the
grain size fraction assessment proposed by [15]. Furthermore [15] highlights a
sediment characterized by an absolute density (2.63 g/cm?) similar to that of ex-
cavations B1, B2, B3, and C3, and a bulk density (1.21 g/cm®) close to the results
obtained in excavations A1 (1.22 g/cm?), A2 (1.20 g/cm?), B2 (1.20 g/cm?), and B6
(1.20 g/cm?).

The sediments are characterized by variability in their natural water content
depending on the excavation. Those from [16] [52] [53] exhibit very high natural
water contents (ranging from 100% to 360%) compared to the results of the dif-
ferent excavations obtained, with the maximum percentage reaching 32.92% (B8).
Conversely, [15] reports a relatively low natural water content in the raw sediment
(8.91% and 9.46%), falling within the range of the results of the present study. In
accordance with standard XP P 94-011 [51], the sediments are characterized by
relatively low plasticity compared to those of [1] [14] [16], which are plastic or
highly plastic depending on the sediment nature. Furthermore, the basic character
observed in several excavations of our sediments is also confirmed in the work of
[9] [14] [16].

Modified Proctor curves exhibit a bell shape, conforming to geotechnical re-

quirements [50], and allow for the determination of compaction references. Thus,
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the CBR bearing capacity characterization demonstrates the suitability of sedi-
ments for use in pavement layers. In the literature [1] [13] [15] [16] [54], the im-
mediate bearing index (IBI) is commonly used to evaluate the bearing capacity of
sediments before their improvement for road applications. This parameter differs
from the soaked CBR index, used in this study to assess the behavior of the sedi-
ment (without treatment) in a state closer to the conditions of use in road struc-
tures. This parameter is directly linked to pavement structure design methods in
West Africa (particularly Burkina Faso), notably the CEBTP guide [46]. For an
I.CBR = 25 conforming to CEBTP [46] requirements, the sediments from excava-
tions A5, A7, B4, and C4 exhibit a favorable bearing capacity at 98% compaction,
suitable for use in both subgrade and pavement foundation layers, subject to pos-
sible correction of the fines percentage for excavations A5, A7, and B4 according
to geotechnical requirements. When the soaked CBR index is between 5 and 15,
the sediments from excavations A3, A9, Al, A2, A4, A6, B1, B5, B6, B7, B8, B9,
Cl1, C5, C6, and C9 show acceptable CBR bearing capacity at 98% compaction,
suitable for use in subgrade layers, with possible correction of the fines fraction
before placement, according to CEBTP [46] recommendations. Excavations B6
and B8 also require additional treatment against swelling (2.40% and 2.29% > 2%)
by lime treatment to remedy any defects that may remain during their use, ac-
cording to CEBTP [46] guidelines. Similarly, excavation sediments A8, B2, B3, C2,
and C3, whose I.CBR at 98% compaction is less than 5, also require possible im-
provement (lime treatment, particle size correction) to meet CEBTP [46], require-

ments for applications in pavement layers.

4.3. Strengths and Limitations

This study highlights several important contributions:

— The production of new data on dam sediments in Burkina Faso: this research
contributes to enriching the knowledge base on the properties of dam sedi-
ments in Burkina Faso, a field that remains poorly documented in the scientific
literature;

— Understanding sediments from a hydraulically connected system: the study
provides insights into the variability of sediment characteristics within the same
hydraulic system;

— Assessing the potential for road construction: the study serves as a screening
or prequalification tool for materials;

— Contributing to the circular economy: the study aligns with the principles of
waste recovery, sustainable resource management, and reduced quarrying.

— Supporting decision-making for dredging operations: the study provides use-
ful information for dam managers.

This study is far from perfect, but the results obtained constitute a substantial
foundation for research and development of secondary resources in the construc-
tion sector. Sediments from hydraulically connected dams in Burkina Faso repre-

sent a relatively unstudied geomaterial resource whose physico-chemical and me-
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chanical properties deserve consideration in geotechnical road engineering strat-

egies. However, some limitations can be noted, such as:

— The limited number of sites studied: The results obtained only concern the
three sites studied and do not allow for direct extrapolation of the conclusions
to all dams in the country;

— The lack of temporal variability: The study corresponds to a single campaign
and does not take into account seasonal and interannual variations;

— The absence of full-scale testing: The study relies primarily on lab tests and an
analysis of potential suitability. It does not include the construction of test sec-
tions, test sections, or operational monitoring;

— Lack of sediment treatment: the materials are studied in their raw state, and
the evaluation of various possible treatments (lime treatment, cement, hydrau-
lic binders, etc.) to improve certain sediment characteristics remains to be ex-
plored;

— Incomplete environmental assessment.

5. Conclusions

This study focused on the physical, chemical, and mechanical characterization of
dam sediments from three hydraulically connected sites, for application in road
geotechnics. The objective of the analysis was to evaluate the characteristics of
these alternative materials collected for potential use in road construction, in ac-
cordance with geotechnical specifications. The following results emerged from the
analysis:

— The sediments at the different sites (stream, dams no. 1 and no. 2) are charac-
terized by a predominance of clay, silt, and sand, with a relatively low and var-
iable gravel fraction depending on the excavation;

— The excavations of the stream (A5, A7) of dam no. 1 and no. 2 (B4 and C4)
show favorable bearing capacity at 98% compaction, suitable for use as both a
subgrade and a pavement foundation layer. Their low linear swelling reflects
the insensitivity to water of the constituent layers of these excavations;

— The excavation sediments A3, A9, Al, A2, A4, A6, B1, B5, B6, B7, B8, B9, Cl1,
C5, C6, and C9 show a CBR bearing capacity at 98% compaction, acceptable
for use as a subgrade layer. For implementation, potential treatment (fine frac-
tion correction, lime stabilization, etc.) could be adopted to address swelling-
related issues, according to CEBTP requirements;

— The excavation sediments A8, B2, B3, C2, and C3, with an I.CBR at 98% com-
paction below 5, may require improvement (lime treatment, particle size cor-
rection) before implementation to meet CEBTP requirements for applications
in road construction layers.

Following this analysis, the results show interesting and favorable characteris-
tics that allow for their use in road construction. For sustainable construction and
the preservation of natural resources, the use of these materials represents an in-

teresting alternative to consider in order to meet the growing need for roadworks.
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Nomenclature

Acronyms and Abbreviations

1Co

2Co

3Co
AFNOR

Al to A9

Bl to B9

Cl to 9

CBR

CBR90% OPM

CBR 95 % OPM

CBR 98 % OPM

CEBTP

EN

GTR

INERA
150
LNBTP
NF
NFEN
NFP
MPO
PCRSS

First layer of sediment taken between 0 and5 cm
Second layer of sediment taken between 5 cm and 50 cm
Third layer of sediment taken between 50 cm and1 m
French Association for standardization

correspond to the numbers assigned to each excavation of the stream,
as well as to the representative mixtures of sedimentary layers
obtained from these same excavations

correspond to the numbers assigned to each excavation of dam no. 1
as well as to the representative mixtures of sedimentary layers
obtained from these same excavations

correspond to the numbers assigned to each excavation of dam no. 2
as well as to the representative mixtures of sedimentary layers
obtained from these same excavations.

California Bearing Ratio

Bearing capacity of the California Bearing Ratio at 90 % compaction
of the modified Proctor optimum

Bearing capacity of the California Bearing Ratio at 95 % compaction
of the modified Proctor optimum

Bearing capacity of the California Bearing Ratio at 98 % compaction
of the modified Proctor optimum

Experimental Center for Research and Studies in Building and Public
Works

European Standard

Guide to Road Earthworks, Realization of Embankments and
Subgrade Layers

Institute of Environment and Agricultural Research
International Standard Organization

National Lab for Building and Public Works

French standardization

French standard adopting a European standard

French standard applicable to building and civil engineering
Modified Proctor Optimum

Community Project for Recovery and Stabilization of the Sahel

DOI: 10.4236/0japps.2026.167133

2359 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2026.167133

A. A.T. Ouedraogo et al.

Symbols

Pa Absolute density of sediment (g/cm?)
Papp Bulk density of sediment (g/cm®)
yd Dry density of the compacted sediment sample (g/cm?®)
Ccl Clay fraction (%)
Cv Coefficient of variation
Dmax  Maximum diameter (mm)
Gmax Maximum Iinear swelling (%)
Gr Gravel fraction (%)
IBI Immediate Bearing Index
LCBR  Soaked California Bearing Ratio Index
Ip Plasticity Index
Mean Mean
OM Organic matter content (%)
PH Hydrogen potential
Sa Sand fraction (%)
S7 Silt fraction (%)
SD Standard Deviation
Vas Methylene Blue Value
w Exact water content of the compacted sediment sample (%)
Wmax  Maximum water content after four (04) days of soaking (%)

Wn Natural water content (%)
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