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1. Introduction

Sands are materials, the grain size of which is between 0.08 and 5 mm [1], which

are widely used for the construction of civil engineering works. Their main

DOI: 10.4236/msce.2020.85002 May 19, 2020 10 Journal of Materials Science and Chemical Engineering


https://www.scirp.org/journal/msce
https://doi.org/10.4236/msce.2020.85002
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/msce.2020.85002
http://creativecommons.org/licenses/by/4.0/

J. H. K. Tchouata et al.

component is quartz, the density of which is around 2.65. In West Cameroon,
urbanization, the growing need for construction, and new building, have gener-
ated, the artisanal extraction of sand, and powerful weathering coats, developed
at the expense, of subject rocks, with a tropical climate [2]. These sands are ex-
tracted and used, regardless of their quality. This results in serious, and often
catastrophic, consequences for the structures: poor behavior of plasters, coating
of walls, cracking, and crumbling of beams, and lintels, with exposure of the
reinforcement, in the case of reinforced concrete; complete ruin, works in some
cases. Project owners often have insufficient purchasing power to import better
quality sands because they are very expensive.

The objective of this article is to assess the quality of sands, derived from
weathering coats, in West Cameroon, from the point of view of the resistance, to
compression of the concrete produced, with a view to proposing methods, for
improving the quality of structures, built with these materials.

The main quarries, providing sand, used in Bafoussam, capital of the region,
of West Cameroon, are located in the localities of Batie and Bandjoun. To achieve
the objective, it required a physical characterization, sands, from sand pits, Djen-
gou, Hiala, La’gou I in Batie, and those of Djione in Bandjoun.

In West Cameroon, similar work has been carried out by other authors. Etobe
[3] studying the alteration mantle sands at Dschang finds that they have poor
compressive strength due to the presence of clays. Keyangue [4] in the partial
study of the sands of Batie finds sand equivalent values unsuitable for the manu-
facture of quality concrete. Vouffo’s [5] studies on the sands of Baleng’s pyroc-
lastic products show that they have good compressive strengths but are unsuita-
ble for the formulation of reinforced concrete. Fofé [6] conducted a comparative
study on alluvial sands in Bafoussam with crushed sands from quarries. He con-
cluded that concretes made from quarry sands have better mechanical resis-

tances than concretes made from alluvial sands.

2. Materials and Methods
2.1. Location and Sampling

Figure 1 shows the maps (B and C) of localities in the region, West Cameroon,
where the materials studied were collected.

The locality of Batie, in the Department, of the Hauts Plateaux, has an area of
approximately 85 km? and is between 5°10' and 5°22' north latitude, and 10°15'
and 10°24' East longitude. The quarries of Djeudem, Djengou, Hiala and La’gou
I are there, and are being mined. These quarries are open on interfluves, with
convex slopes, located respectively, 2.01 km, 1.90 km, 2.30 km and 1.70 km,
from national road number 2 [7].

Djeudem’s quarry is located between 05°1721" North latitude and 10°16'14"
East longitude. This quarry, is open, on an interfluve, which culminates at
1279.10 m above sea level. Djengou’s quarry is located on an altitude of 1413 m;
it is identified by the geographic coordinate point, 05°17'01" North and 10°16'01"
East.
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Figure 1. Location map, sampling points, at Batie and Bandjoun, in West Cameroon.

The career; ofHiala is open on an interfluve, of 1637 m of altitude, which is
between, 05°17'50" North latitude, and at 10°17'55" East longitude.

La’gou I's quarry opens onto an interfluve, which rises to an altitude of 1510
m. It is located between latitude 05°17'06" North and longitude, 10°17'07" East.

B1, D1, H1 and L1 refer to material taken from the upper horizons of Band-
joun-Djione, Djengou, Hiala and La’gou I, respectively, and B2, D2, H2 and L2
refer to material from the lower horizons at the same sites.

Bandjoun’s quarry is located in the Djebem district, in the Department of
KOUNG-KHLI. It is a locality, located at an altitude of 1410 m, south-east of Ba-
foussam, between 5°16' and 5°27' North latitude, and between 10°22' and 10°37'
East longitude.

The two main extraction sites, sand are located in Djione, respectively 10.5 km
and 14.5 km from the national road N°3, which crosses Bandjoun.

In these quarries, we exploit weathering products, of a porphyroid granite.
The parent rock outcrops, in the form of a dyke, balls or metric blocks, on the
slopes of the interfluves [3]. The walls of their profiles show a sufficiently altered
material, in the form of a whitish, pinkish powder, which macroscopic examina-
tion reveals, a mineralogy of quartz, feldspar and biotite. In these quarries, two
horizons of different colors are used separately for the production of sands; the
alteration sequence, which goes from the source rock; on the surface humiferous
horizon, is perfectly observable.

Sampling, representative in quarries, after extraction and treatment, with wa-
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ter was carried out, according to standard P 18-551 [8]. These samples were used
for determination of apparent densities, and absolute, evaluation of the sand
equivalent, to the particle size by dry voice analysis, and the preparation of con-

crete specimens.

2.2. Experimentation Methods

The tests were carried out in Cameroon, at the National Laboratory of Civil En-
gineering, (LABOGENIE) and at the Laboratory of Civil Engineering, of the
University Institute of Technology Fotso Victor; University of Dschang.

The sampling of samples in the laboratory was carried out, according to the
procedure, prescribed by standard NF EN 932-2 [9]. The apparent density was
determined by the hydrostatic balance method, according to standard NF P
94-053 [10]. The absolute density was determined by measuring the volume of
the solid grains with a pycnometer and by successive weighings, according to the
recommendations of standard NF P 94-054 [11]. The dry density, the porosity,
the void index, and the degree of saturation, were determined by calculation,
using the relationships which exist between the different; physical parameters
[12].

The equivalent of sand has been determined by following washing the pre-
scriptions of the standard, NF EN 933-8 [13]. The particle size analysis was done
dry using the NF P 94-050 standard [14]. The formulation of the concretes was
made, according to the principle of the Dreux-Gorisse method [15], by targeting
a plastic concrete, with a characteristic resistance at 28 days of age of 25 MPa,
prescribed by LABOGENIE; for standard works in Cameroon. The inspection of
fresh concrete was carried out in accordance with standard NF EN 12350-2 [16],
while the sampling, preparation and storage of test pieces were carried out in ac-
cordance with standards NF EN 12350-1 [17], and NF EN 12390-2 [18], respec-
tively. The preparation of the specimens and the determination of their compres-
sive strength complied with the procedures of the standard EN 12390-3 [19].

3. Results and Discussion
3.1. Physical Properties of Sands

The physical properties, in particular the densities are presented in Table 1.

It can be seen from Table 1 that the values of the densities determined are
between 2.55 and 2.6, which are close to those of quartz. They are of the same
order (2.57 and 2.7) as those found by Sonfeu [20] for Bati sands. In the com-
parative study of Sanaga and Wouri sands and standardized ENV 206-1, Edzoa
[21] found absolute values of 2.67 for Sanaga, 2.45 for Wouri and 2.64 for stan-
dardized sand.

3.2. Sand Equivalent, and Particle Size Analysis

The values, of the sand equivalent, as well as the parameters related to the gra-

nularity of the sands studied, are presented in Table 2.
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Table 1. Densities of sands, from the quarries of Bandjoun-Djione, Djengou, Hiala and

La’gou L.
Sampling Naming of Apparent Dry Absolute
career samples density d, density d, density d,
Bl 1.40 2.60
Bandjoun-Djione
B2 1.35 2.55
D1 1.75 1.48 2.57
Djengou
D2 1.72 1.55 2.56
H1 1.70 1.43 2.58
Hiala
H2 1.71 1.41 2.59
L1 1.69 1.39 2.60
La’gou I
L2 1.57 1.33 2.58

Legend: upper horizons (B1, D1, H1, L1); lower horizons (B2, D2, H2, L2).

Table 2. Sand equivalent and finesse module of Bandjoun-Djione sands, Djengoub sands,
Hiala sands and La’gou I sands.

Naming of
Sampling career & Sand equivalent, ES (%) Finesse module (MF)
samples
B1 58.00 3.55
Bandjoun-Djione
B2 85.46 1.83
D1 64.91 3.93
Djengou
D2 76.40 3.08
H1 67.04 2.8
Hiala
H2 77.30 3.33
L1 63.34 3.80
La’gou I
L2 72.10 2.50

Legend: upper horizons (B1, D1, H1, L1); lower horizons (B2, D2, H2, L2).

Table 2 shows that the values of the sand equivalent, the lowest are those of
the sands collected, on the upper horizons (B1, D1, H1, L1), of the weathering
profiles. They are all less than 70%, which does not classify them among the
sands for making quality concrete according to Dreux [15]. These values are
lower than those found by Edzoa [21], for the Wouri and Sanaga sands which
are better local sands for the formulation of high performance concretes. The
sands from the lower horizons (B2, D2, H2, L2), despite the values of their sand
equivalent greater than 70%, still require a reduction in fine particles, responsi-
ble for the increase in shrinkage, of the concrete [22]. The values of the fineness
modules are generally high and are greater than 2.8 (Table 2). These values do
not fall within the range of fineness modules defined by Dreux for concrete
sands. Such values must be corrected, by adding sand with a smaller fineness
module. Indeed, high fineness modulus values cause segregation, and a drop in

the mechanical strength of concrete, Keyangue [7].
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Figure 2 and Figure 3 show the grain size curves of the sands from the upper
horizons and the lower profiles respectively. The grain size curves of the sands
are compared to the reference granular time zone, for sands suitable for con-
crete.

Figure 2 and Figure 3 show that, with the exception of the particle size curves
of the Hiala sands, all the other particle size curves have almost the same con-

cavity, which testifies to the common origin of the source rock, which generated
them.

3.3. Compressive Strength

The compressive strengths of concrete specimens at different ages are shown in
Table 3.

Table 3 shows that the compressive strengths at 28 days of age are well below
the 25 MPa value expected at formulation. They are between 52% and 70% of the
expected strength. Only Lagou sands (L2) with a fineness modulus of 2.5 have an
expected strength coverage of 98.56%.

cumulated sieves (%)
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opened of sieves (mm)

— rteference bobbin =®=Bl + DI e==[] =—=H]

Figure 2. Granulometric curves of the sands, from the upper horizons of the Ba-
tie and Bandjoun-Djione quarries, compared to the reference granular spindles.
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Figure 3. Particle size curves, sands from the lower horizons of the Batie and
Bandjoun-Djione quarries, compared to the reference granular zones.
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Table 3. Compressive strength of concrete samples, at different ages, before the particle
size correction.

Concrete resistance (MPa) Expected resistance

Naming of i i i
Sampling career & according to its age (in days) rate at 28 days
samples .
7 days 14 days 28 days achieved
Bl 9.39 12.39 13.14 52.56
Bandjoun-Djione
B2 10.89 13.14 14.14 56.56
D1 13.00 14.00 16.00 64
Djengou
D2 11.74 13.08 15.06 60.24
Hl 10.00 11.50 17.50 70
Hiala
H2 12.00 13.42 16.04 64.16
L1 10.00 13.00 16.50 66
La’gou
L2 14.80 18.53 24.64 98.56

Legend: upper horizons (B1, D1, H1, L1); lower horizons (B2, D2, H2, L2).

Following these results obtained on the concretes made with its sands, a cor-
rection of the granulometry was made.

The corrections made from the fineness module abrams rule [15], aiming for
an average fineness module of 2.6, made it possible to obtain the values of the
proportions of sand, to be taken for each formulation of concrete. The corrective
sand chosen, being that of the lower horizon (B2) of Bandjoun-Djione, whose
fineness module is equal to 1.83. Indeed, the process of modifying the fineness
module is as follows: if M1 is the fineness module of the sand 1; M£, the fineness
module of sand 2, we can obtain a sand 3, of predefined fineness module MZ%,
(Mf; < Mf, and ML, > ML) by combining the mixture, in the following propor-
tions:

e sand 1 = (M£, — M1/ (ML, — ML);
e sand 2 = (Mf, — ML)/(MLf, — MK).

Table 4 presents the proportions in percent of sand to take, in order to have a
fineness modulus of contained sand, in the interval between the fineness mod-
ules of quality concrete sands according to Dreux.

Table 5 presents the values of the compressive strengths, following the cor-
rection of the granularity of the sands, at different ages.

Table 5 shows that, following the correction of the granularity of the sands,
the expected compressive strength has been achieved, on almost all of the sam-
ples studied. However, it can be seen that the Bandjoun-Djione sand has not
reached the expected resistance, although an increase of more than 85.43% has
been observed.

The curves of Figure 4 and Figure 5 show the evolution of the compressive
strength of concrete depending on their age.

Figure 4 shows that the resistances to the uni-axial compression of the con-
crete test pieces, at the age of 28 days, are lower than the value expected during

the formulation (25 MPa). In Figure 5 (after correction of the grain size distri-
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bution), it can be seen that these resistances have increased, by at least 60%. This
increase in resistance is observed following the correction of the granularity of

the sands used.
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Figure 4. Evolution curve of concrete strengths, before correc-
tion of the grain size distribution.
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Figure 5. Evolution curve of concrete strengths, after correction
of the grain size distribution.

Table 4. Values of the proportions of sand, taken for the correction of the granularity of
the sands studied.

) ) ) Proportions Proportion Fineness
Sampling Naming of Fineness .
career samples module (EM) of sand of corrective module,
P collected (%) sand (%) aimed
B1 3.55 44.76 55.24
Bandjoun-Djione
B2 1.83 / /
D1 3.93 36.66 63.34
Djengou
D2 3.08 61.60 384
H1 2.8 79.38 20.62
Hiala 2.6
H2 3.33 51.3 48.7
L1 3.80 39.0 61.0
La’goul
L2 2.50 / /

Legend: upper horizons (B1, D1, H1, L1); lower horizons (B2, D2, H2, L2).
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Table 5. Compressive strength of concrete specimens, at different ages, after the correc-
tion of the particle size by the Abrams rule.

Concrete resistance (MPa) Expected resistance

Sampling career Naming of according to its age (in days) rate at 28 days
samples hieved
7 days 14 days 28 days achieve
Bandjoun-Djione Bl 15.31 20.21 21.43 85.43
D1 19.93 22.97 26.11 104.44
Djengou

D2 18.76 21.45 26.02 104.08
Hl 16.31 18.75 28.54 114.16

Hiala
H2 19.57 21.88 26.16 104.64
L1 16.91 22.16 26.52 106.08

La’gou
L2 16.42 21.3 24.64 98.56

Legend: upper horizons (B1, D1, H1, L1); lower horizons (B2, D2, H2, L2).

4. Conclusion

The extraction of sands, weathering coats from West Cameroon, is the main
source of supply of aggregates for the construction of civil engineering works.
The sand equivalent values are less than 75% and are not suitable for the formu-
lation of high-strength concretes. Fineness modulus values are very high, above
2.8. The strengths of concretes formulated with sand in its natural state are low
and range from 13 to 24 MPa. The low resistances obtained on concrete speci-
mens, are translated in the field by the low durability and the lack of comfort of
civil engineering works. Nevertheless, it emerges from the present study, that a
correction of the granulometry, by the combination of the sands of the lower
horizon (B2), of the sand of the Bandjoun-Djione quarry, whose fineness mod-
ulus is equal to 1, 83, with sands from other quarries (Bandjoun-Djione sand
square, horizon Bl; Djengou sand quarry, horizons D1 and D2; Hiala sand
quarry, horizons H1 and H2; La’gou sand quarry I, horizon L1), of different
fineness modules, by targeting the fineness module of 2.6 for the combination,
contributes largely to the improvement of mechanical strengths by 60%, as well
as to better comfort and durability of civil engineering works. Better washing of
these sands in the quarry, before placing them on the market, would improve

their equivalent of sand.

5. Future Prospects

An analysis of the chemical composition of these sands would highlight the
mineral phases present there, and likely to interact with the cement paste, to

cause the concrete to swell and burst.
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