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tween 5.4% and 36.99%. The density of the solid grains has an arithmetic

Copyright © 2021 by author(s) and mean of 2.5 g/cm’. The apparent density varies from 0.83 to 1.35 g/cm’. As
Scientific Research Publishing Inc. for the dry density, it is in the range of 0.61 to 1.25 g/cm’. These relatively low
This work is licensed under the Creative densities indicate that the material studied has a significant degree of defor-
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mability. From the particle size analysis, it appears that the material studied
License (CC BY 4.0). . . fracti £ icles. A di h .
http://creativecommons.org/licenses/by/4.0/ contains an important fraction of fine particles. According to the consistency

m study, the soils studied are plastic clay as Ap class according to the Central
Laboratory for Roads and Bridges (CLRB) geotechnical classification system.
The particle size curves of the studied samples are within the preferential
range of good soils for the manufacture of CSEB. The points representing the
studied samples are within the preferential plasticity range of good soils for
the manufacture of CSEB. From the above parameters, it appears that the
studied material is well adapted for the manufacture of the Compressed Sta-
bilized Earth Bricks.
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1. Introduction

The threat of global warming is real and the economic crisis is imminent. The
so-called modern materials such as concrete and steel are almost inaccessible for
a large part of the population, because of their high costs. The populations close
to the forests have opted for wood construction, but this cannot be truly quali-
fied as sustainable as long as its anarchic use accentuates deforestation and fire
rates. The valorization of local materials in the construction of housing and pub-
lic buildings is a necessity from a sustainable development perspective. Reducing
the use of concrete in low-income countries has environmental and economic
advantages [1]-[6]. Researchers have proposed tropical soils as a sustainable re-
source to be utilised in the construction of housing around the world. Laterite is
a typical tropical soil that could fill the gap between a housing deficit and provi-
sion of modest housing for the growing populations in Africa [7] [8] [9] [10]
[11]. However, the earth material is very little adopted, perhaps due to a lack of
knowledge of its properties or ignorance of improved techniques of CSEB man-
ufacturing are causes and inadequate implementation of Compressed Stabilized
Earth Bricks in the buildings constructed resulting in a limited life cycle. The
constructions in raw earth have a connotation of poor and bad quality habitats
but this is indeed due to the ignorance of the thermal and hydrometric proper-
ties of this material. In addition, it is currently confirmed that the stabilization of
CEB by binders and bitumen improves their mechanical strength and their sen-
sitivity to water [12] [13]. The lateritic soils of North Kivu are used by certain
social strata for the manufacture of Compressed and Stabilized Earth Bricks
without mastering their physical characteristics, which leads to consequences
such as the progressive crumbling of the walls, cracks, the poor performance of
the plaster, and the discouragement of the use of the said technology. In addi-
tion, the CSEB technique is applied in other localities of North Kivu and else-
where, but with the use of calcareous sand, river sand, sandy clay and not late-
rite, hence the study of the characteristics of these materials is important for the
manufacture of CSEB. This study focuses on characterization and the classifica-
tion of some lateritic soils on the basis of samples collected from Bweremana (in
DRC) for their probable use in the manufacture of Compressed Stabilized Earth
Bricks.

2. Materials and Methods
2.1. Sample Materials

The experimental studies were carried out on samples of lateritic soils collected
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from Bweremana (Figure 1) in North Kivu (DRC). The purpose of this study is
to determine the geological context of the site, to make soundings on the hori-

zontal profile of the long pedological and grooving on the vertical wall and the
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main physical characteristics of the samples taken. For this study, soil sampling
is done to determine the physical-mechanical properties of the clay soils of the
research area. This requires special attention especially since the accuracy and
extrapolation of data depends on obtaining samples that retain their characteris-
tic structures in situ [14].

At the pilot site (Figure 2), 12 soil samples were collected to determine the
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Figure 2. Sampling maps of the study area.
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physical properties of lateritic soils in the study area. Samples for the determina-
tion of natural water content and soil density were collected intact by core sam-
pling. Samples for particle size analysis, Atterberg limits and solid grain density
were remoulded.

As a result, systematic sampling points with a regular interval of 40 m x 40 m
were adopted in this study. The twelve samples collected were distributed along
two N-S oriented lines, equidistant of 40 meters according to the geographical

coordinates presented in Table 1.

2.2. Experimentation Methods

Some preliminary tests as touch/smell/wash tests gave an apparent classification
of the material and its organic content. The bottle test verified the presence of all
elements (sand, silt, clay). Cigar and splitting tests allowed us to observe the co-
hesion of the soil, the proportion and the quality of the clay particles. The study
of the physical characteristics of the lateritic soils was carried out on 12 samples
collected in Bweremana. The water content of the different samples was deter-
mined by the oven drying method, following the experimental standard XP CEN
ISO/TS 17892-1, 2005 [15]. The density of the solid grains was determined using
the pycnometer, according to the standard NF P 94-054 [16]. The apparent den-
sity and the dry density were determined by the cutting kit method according to
the NF P 94-053 [17] standard. The wet sieves analysis of the material was car-
ried out by sieving according to the requirements of the NF P 18-560 [18] stan-
dard. At the end of the sieving operation, the particles size less than 0.080 mm
were collected. Their particle size analysis was carried out by sedimentometry
according to the standard NF P 94-057 [19]. The particle size curves were gen-
erated with MATLAB software (Appendix 1 MATLAB code). The study of the

Table 1. Geographic coordinates of the sampling points.

Samples Latitude Longitude Altitude
BW-SM-01 724,435 9,814,975 1500
BW-SM-02 724,398 9,814,993 1490
BW-SM-03 724,412 9,814,943 1493
BW-SM-04 724,374 9,814,959 1495
BW-SM-05 724,338 9,814,976 1489
BW-SM-06 724,362 9,815,010 1489
BW-SM-07 724,387 9,814,911 1530
BW-SM-08 724,304 9,814,996 1491
BW-SM-09 724,346 9,814,931 1500
BW-SM-10 724,329 9,815,029 1488
BW-SM-11 724,311 9,814,948 1489
BW-SM-12 724,275 9,814,968 1480
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consistency of the soils was carried out on the basis of Atterberg limits. The At-
terberg limits make it possible to characterize the clayness of a soil, thus deter-
mining the remarkable water contents located at the border between the differ-
ent states (solid, plastic and liquid). The liquidity limit (W) was determined us-
ing the Casagrande apparatus and the plasticity limit (W;) using the roller me-
thod, in accordance with standard NF P 94-051 [20]. The plasticity index (PI)
was evaluated as the difference between the liquid limit and the plastic limit. Fi-
nally a classification of the samples soils was done according to the CLRB geo-

technical classification system.

3. Results and Discussion

The study of the physical characteristics of lateritic soils was carried out on 12
samples. In this section we present the results of the experimental identification
tests on the state of parameters (water content, different densities or density cha-

racteristics); particle size composition and consistency parameters.

3.1. Water Content

The water content values of samples are presented in Table 2.

Table 2 shows that the water content of samples BW-SM-08 and BW-SM-09
varies between 5% and 10%, while samples BW-SM-01, BW-SM-02, BW-SM-04,
BW-SM-05, BW-SM-06, BW-SM-07, BW-SM-10 and BW-SM-11 vary between
10% and 15%. As for the samples BW-SM-03 and BW-SM-12, the values of wa-
ter content are 37.00% and 32.60% respectively. So the water content for all

samples varies between 5.40% and 37.00% with an arithmetic mean of 14.94%.

3.2. Density Characteristics

The density characteristics of the studied soils are presented in Table 3.

Table 3 shows that the solid grain density ps has an arithmetic mean of 2.50
g/cm’. The bulk density p ranges from 0.83 tol.35 g/cm’®, with an arithmetic
mean of 1.13 g/cm’. The dry density p, is in the range of 0.61 to 1.25 g/cm’ with
an arithmetic mean of 1.00 g/cm’. These densities indicate that the material stu-

died have a non-negligible degree of deformability.

Table 2. Water content of natural materials.

Samples Water content w (%) Samples Water content w (%)
BW-SM-01 10.95 BW-SM-07 12.51
BW-SM-02 12.28 BW-SM-08 5.40
BW-SM-03 36.99 BW-SM-09 6.53
BW-SM-04 12.11 BW-SM-10 13.01
BW-SM-05 11.27 BW-SM-11 11.20
BW-SM-06 14.47 BW-SM-12 32.59
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3.3. Particle Size Distribution

Completing the wet particle size analysis with the particle size analysis by sedi-
mentometry applied to particles smaller than 0.08 mm according to the AFNOR
(2001) [21] standard, we obtained the particle size curves represented on Figures
3-14. These results show that the largest grain size for all the samples is 2 mm.

In general, the distribution of grains for the different materials is given in Ta-
ble 4.

Table 3. Density characteristics.

Samples p, (g/cm?) p (g/cm?) pa (g/cm?)
BW-SM-01 2.50 1.30 1.17
BW-SM-02 2.45 1.07 0.95
BW-SM-03 2.55 0.83 0.61
BW-SM-04 2.50 1.04 0.93
BW-SM-05 2.50 1.22 1.10
BW-SM-06 2.50 1.35 1.19
BW-SM-07 2.50 1.11 0.99
BW-SM-08 2.50 1.31 1.25
BW-SM-09 2.50 1.27 1.19
BW-SM-10 2.50 1.03 0.91
BW-SM-11 2.50 1.21 1.09
BW-SM-12 2.50 0.84 0.63

Table 4. Grains size distribution of materials.

Samples Coarse sand (%) Sand (%) Fine sand (%)
BW-SM-01 8 35 57
BW-SM-02 8 30 62
BW-SM-03 7 28 65
BW-SM-04 8 25 67
BW-SM-05 7 26 68
BW-SM-06 7 30 63
BW-SM-07 6 25 69
BW-SM-08 7 28 65
BW-SM-09 8 26 66
BW-SM-10 6 27 67
BW-SM-11 6 28 66
BW-SM-12 8 32 60
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From this distribution, on the whole we notice that the studied materials are
rich in fine particles. Their sieve size curves enter the preferential range (Ap-
pendix 2. Grain size range for soil suitable for earth construction) suggested
(AFNOR XP P13-901: 2001-10) [22] for the manufacture of Compressed Earth
Bricks [23] [24] [25].

3.4. Consistency Parameters

The consistency parameters of the studied soils are presented in Table 5.

Table 5 shows that the plasticity index (Ip) of materials BW-SM-01 to BW-SM-12
is between 17.15 and 19.36% with an arithmetic mean of 18.25%. The consistency
index (Ic) is between 0.18 and 1.57 with an arithmetic mean of 1.08%, which gives
the materials studied a plastic character. Similarly, the liquidity index (II) is less than
zero with an arithmetic average of —0.08, which gives these materials a character of
hard plastic consistency.

The diagram on Figure 15 shows that the points of the studied material fall
within the preferential plasticity range recommended by the AFNOR (2001) [22]
standard for the manufacture of Compressed stabilized Earth Bricks (Appendix
3 Plasticity range indicated for soils used in earth construction).

The liquid limit W varies from 31.9% to 40.25% with an arithmetic mean of
34.66%. The plasticity limit W, ranges from 14.20% to 21.77% with arithmetic
mean of 16.41%. The plasticity index of the studied soils varies from 17.15% to
19.36%, with an average of 18.25%. These values of variation agree with the
ranges that are indicated in the specification (AFNOR XP P13-901: 2001-10)
[22] as indicated in Appendix 3, and in the study made by Laurent GUERIN
(1985) [26] where the liquidity limit, the plasticity limit and the plasticity index
to be considered must be respectively between 25% and 45%; 10% and 25%; and

Table 5. Consistency parameters of the samples.

Samples W, (%) Wp (%) Ip (%) I Ic
BW-SM-01 32.50 15.01 17.49 -0.23 1.23
BW-SM-02 36.36 17.83 18.53 -0.30 1.29
BW-SM-03 40.35 21.78 18.57 0.82 0.18
BW-SM-04 31.90 13.81 18.08 -0.09 1.09
BW-SM-05 32.01 14.86 17.15 -0.21 1.21
BW-SM-06 33.40 16.08 17.32 -0.09 1.09
BW-SM-07 33.10 15.31 17.79 -0.16 1.16
BW-SM-08 35.20 16.16 19.04 -0.57 1.57
BW-SM-09 35.80 17.16 18.64 -0.57 1.57
BW-SM-10 32.70 14.40 18.30 —0.08 1.08
BW-SM-11 33.57 14.21 19.36 -0.16 1.16
BW-SM-12 39.10 20.34 18.76 0.66 0.35
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Figure 15. Position of the studied samples in the earth plasticity diagram for CSEB.

7% and 25%, related to recommended material for the manufacture of CSEB.

3.5. Geotechnical Classification

The quick preliminary (smell) test attested that the sample materials have a poor
Organic Matter Content. The particle size curves attested that the 12 samples
materials have at least 70% of particles whose size is less than 0.08 millimetres.
According to the CLRB Classification System [27], those two parameters indi-
cate that these samples materials are either Clay or Silt. The position of the stu-
died samples in the Casagrande chart found the values of the plasticity index and
the liquidity limit, show that the whole material of all the samples are classified
as Ap (Plastic Clay Class).

4. Conclusion

The present work has shown that the studied soils are rich in fine particles. They
are essentially plastic floors of class Ap of the CLRB classification system. The
grain size curves of all the samples studied and the points that represent them lie
within the preferential zones of good soils for the production of compressed
earth blocks. It appears that in their natural state, the studied materials can be
used for this purpose. The density of tropical soils can serve as an important in-
dex of their strength and durability. This is because density is mainly influenced
by the types of minerals and oxides present in the soils. In order to obtain the

acceptable properties for the materials for the production of stabilized earth
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blocks, the percentage of fine particles is an important parameter. But also the
type of soil and the geographical position can play an important role in its prop-
erties. The methods used in the context of this article are standard and remain

applicable for all similar studies.
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Appendices

Appendix 1: MATLAB code applied to the particle size curve of the sample BW-

SM-01

clf;

x3=[21.25 0.8 0.63 0.4 0.315 0.25 0.2 0.16 0.125 0.1 0.08 0.0716 0.0506 0.0358 0.0226 0.0160 0.0113 0.0080 0.0057

0.0033 0.0013

BWSMO01=[89.3128528 78.5442901 66.429657 63.7483717
36.7618324 31.2147199 26.1152844 24.8030829 23.70714286
17.01405714 15.9786 13.7286 12.65717143 11.692885714

I
ci=[100 86 62 45 33 26 20 16 13 10]
ciX=[2010310.3 0.1 0.03 0.01 0.005 0.002]

cs=[1009284 73 62 5550 43 40 37.5 33 30]

csX=[0.4 0.3 0.2 0.1 0.05 0.03 0.02 0.01 0.007 0.005 0.003 0.002]
semilogx(ciX,ci,'g','LineWidth',4)

set(gca,'XDir','reverse")

holdon

semilogx(csX,cs,'r','LineWidth',4)

set(gca,'XDir','reverse')

holdon

semilogx(x3,BWSMO01,'-sb’,'LineWidth',2)
set(gca,'XDir','reverse')

gridon

legend('Limite inférieure’,'Limitesupérieure’,'Altérites BW-SM-01");
xlabel ('Dimension des grains (mm)');

ylabel ("Tamisats (%)");

title("AG par voie humide BW-SM-01")

Appendix 2: Grain size range for suitable soil
P13-901:2001-10)

Stone Gravel Coarse sands

589937039 53.034086 48.2794182 42.17868
22.81428571 21.92142857 20.8712 18.08548571

in earth construction (AFNOR XP
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Appendix 3: Plasticity range indicated for soils used in earth construction (AF-

NOR XP P13-901:2001-10)

Plasticity diagram for SECB flooring
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