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Abstract

Clay materials from Thicky in Thiés district (Senegal) are very abundant and
could be used for the production of clay brick for the construction industry in
Senegal and the surrounding countries. The geophysical, geotechnical, and
thermal studies carried out did lead to a better comprehension of the potential of
the area for clay production. It also allowed determining the physical and che-
mical characteristics of the clays for their use in order to make fired clay bricks.
Different types of fired clay brick were produced with Thicky’s clays. The study
of the physical, mechanical and thermal parameters of these raw materials and
bricks has given very satisfactory results compared to the standards in use. It is
noted a good ceramic behavior, and there is no deterioration observed after
firing at 900°C until low residual moisture of about 3% (on a dry basis), a smooth
texture with a beautiful appearance, a low loss on ignition, a low shrinkage value
of less than 1% (dry), moderate water absorption and also good compressive
strength. The study of thermal properties on a brick wall by the asymmetric lime
plane method gives satisfactory effusivity and thermal conductivity values which
are respectively equal to 746.48 J-K*:m2s? and 0.42 W-m™-k™* with a thermal
resistance of 0.0028 m*K-W".

Keywords

Clay, Bricks, Fired, Thicky, Construction, Water Absorption, Capillarity
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1. Introduction

Due to economic issues, Senegal faces a major challenge in providing decent
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housing for all applicants. There is currently a housing deficit estimated at 125,000
units [1]. For decades, the construction industry has focused on developing new
materials in order to minimize the environmental impact and improve building
insulation envelopes.

In the building industry intended for residential use, the bricks designed with
Portland cement are systematically chosen. For those bricks, the value chain
from production to implementation on the various sites, requires significant re-
sources and logistics. Almost all of the masonry in today’s buildings in the country
is done with a combination of concrete, bricks and plaster consisting of cement,
sand, gravel and water. The depletion of conventional aggregate deposits, the
high construction costs as well as the negative effects of the cement industry on
the environment are so many problems to be solved for a sustainable develop-
ment.

The objective of this study is to propose an alternative to the use of Portland
cement and crushed gravel for the construction of bricks by developing a sus-
tainable method with the use of clay materials from Thicky in Thies district. This
area is well known for its significant potential of clay materials, for the produc-
tion of fired clay bricks.

This work’s aim is, then, to enhance the value of local clay raw materials by
developing widely distributed ceramic products.

The drilling and public works company (Société de Forage et de Travaux Pub-
lics (SFTP)) holds a prospecting authorization in this area with the goal of pro-
moting the development of construction products based on local clay raw mate-
rials. SFTP carried out geophysical and geotechnical field studies which gave sa-
tisfactory results in terms of ceramic quantity and quality.

The production of bricks was made possible with the involvement of the
SOFAMAC Company which optimized the use of yellow clays and gray clays for
the production of several types of fired clay bricks whose physical, mechanical
and thermal characteristics meet the standards in use.

The comparative study between a construction with classic concrete blocks in
Portland cement and a construction with fired clay bricks has given results con-
sisting in a lower cost, better preservation of the environment, greater thermal
comfort and a considerable social impact.

The enhancement of thermal properties may strongly impact on the energy
performance of the building, and the lightweight bricks for infill walls reduce
building structural requirements [2].

The demands of the residential sector account for about 26.5% of the total
energy consumed in the EU [3], with a large proportion of this energy used for

heating, ventilating and air-conditioning.

2. Presentation of the Study Area

The village of Thicky is located in Diass commune with approximately 34,829
inhabitants. The location of the study area (Figure 1) is characterized by rugged
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Figure 1. Geographical location map of the village of Thicky in Thiés region.

terrains with a geomorphology consisting of small hills. The altitudes in the sec-
tor vary from 42 to 108 m. Located at 4 km west of the national road (RN1 Da-
kar-Kaolack) between the cities of Diass and Sindia, the Thicky area is characte-
rized by clay hills.

Hydrographically, the area is crossed by small intermittent streams which flow
at its pic of the rainy season. The rainy season lasts from July to September with
rainfall of around 500 mm/year. The climate is Sudano-sahelian and the temper-
atures vary between 20°C and 40°C.

The clays and sands of Thicky belong to the Maastrichtian era and constitute,
in this region, the stratigraphic level of the summit of the Diass Horst. Their fa-
cies are equivalent to the detrital levels (sands, sandstones) of the central part of
the Horst [4]. Argillaceous series have long been known around the village of
Thicky in the Ndangdang quarry, to the south. They belong to the undifferen-
tiated Upper Cretaceous.

3. Geotechnical and Geophysical Prospection, Ceramic
Characterization Tests and Results

3.1. Delimitation of the Study Area

A study area has been identified and the corresponding prospecting authoriza-
tion has been issued by the Senegalese Ministry of Mines and Geology. The
study perimeter covers an area of thirty-seven and a half hectares (37.5 ha). Ta-

ble 1 gives the coordinates of the permit.

Figure 2 gives the situation of the permit in the geological context of the site.

3.2. Geotechnical Drilling and Sampling

This part of the work consists in carrying out geological prospecting campaigns
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Table 1. Study perimeter corner points coordinates (UTM WGS 84 Zone 29 projection).

Corner points Easting Northing
A 1,616,557 277,885
B 1,616,020 278,292
C 1,615,821 277,999
D 1,615,953 277,695
E 1,615,938 277,566
F 1,616,172 277,303

o

Clay Sand

Scale: 1/50000 .

Figure 2. Location map of the study area onto the geology, Map extracted from the
Bargny sheet at 1/50.000 [5].

using core drillings targeting clay formations in the perimeter of the permit.
These campaigns enabled to determine the location, the shape, the dimensions
and the quantity of the clay deposit. It also allowed determining their geological
and hydrogeological conditions, the characteristics of the material that can be
exploited in the various parts of the deposit. Several core drilling holes were car-
ried out with the percussion manual coring system (Figure 3) and the general

lithological profile is shown in Figure 4.

3.3. Geophysical Studies

The geophysical survey was done by electrical resistivity tomography which is a
direct current geophysical prospecting method. It allowed obtaining an “elec-
trical image” as vertical section (2D and 3D) of the subsoil, from surface resistiv-
ity measurements. The investigation is carried out on the base of electrical pro-
files with the Terrameter LS Lund Imaging System G70 2D resistivity meter equip-
ped with four rolls of cables of 100 m each. 2D acquisition uses a large number of
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Drill hole TK1.4

Drill hole TK1.1 Drill hole TK1.2

Drill hole TK1.4

Figure 3. Illustrations of some of the manual drilling carried out.

regularly moved electrodes connected to a multi-conductor cable, all connected
to a resistivity meter. The electrodes are evenly spaced along the profile. Thir-
teen (13) electrical resistivity tomography profiles (Figure 5), distributed based
on 1:50,000 scale geological mapping data, were performed [6]. The length of the
profiles varies from 100 to 400 m long with spacing of 5 m between the elec-
trodes. The acquisition device used is from Schlumberger.

Figures 6-8 give examples of vertical profiles obtained. The profile of Figure
6, called the control profile, is used to calibrate the actual resistivity of the clays.
It is centered on the TK1.1 mechanical borehole carried out on the site to a depth
of 5.5 m at the point of GPS coordinates: X = 277,318, Y = 1,616,192. The clays
encountered in this borehole would naturally have resistivity values between 10
and 20 Ohm.m

The profile of Figure 7 shows, at surface, land of high resistivity (greater than
300 Ohm.m) corresponding to the lateritic crust. This cuirass continues deep in
the western part. In the other part of the study area, it is noted the presence of a
sedimentary substratum of low resistivity (less than 20 Ohm.m) probably cor-
responding to clay.

The profile P11 in Figure 8 shows from the surface to a depth of about 15
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LITHOLOGICAL PROFILE
LOCATION POINT LOCATION: Tchiki
X: 277255 DATE: 12/07/2019
Y: 1616175 NATURE: Core
REF POINT: TK1.2

PROF | LITHOLOGIE COMMENTS

0.0 . o

Latertics soil mixed clay and sand
1.0

Yellow clays

2.0

3.0 Gray clays

4.0
Q Intercalation of sandy layers

5.0
Gray clays

ool R

OBS: Refusal: 6.3 ml

Figure 4. Stratigraphic log of the geology of the site.

meters, clay formations and sandy clays over the entire extent of the profile. The
thickness of these clays tends to increase towards the North, where it reaches
more than 20 m.

The clay limits were not clearly seen except on profiles 11 and 12. They do not
allow the mapping of their inferior limit. The lateritic cover, corresponding to
the depth of the roof of the clay layer, is shown on the map in Figure 9.

Geophysical survey shows that the studied area can be divided into three parts:

e The absence of clay formations in the north corresponding to the location of
profiles 7, 10 and a part of profile 4;
e A part in the south with a decreasing thickness of lateritic cover towards the

south-east allowing the clays to outcrop in the west part;
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Figure 5. Location and positioning of the thirteen electrical profiles.
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Figure 6. The control electrical section.
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Figure 7. The profile P1 showing the lateritic crust at the surface.
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Figure 8. The profile P11 showing the thickness of the clay formations.
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Figure 9. Lateritic cover thickness map corresponding the roof of the clay layer.

e The clay formations change locally into sandy-clay and even clayey sand to-
wards the North, the East and the North-East. However, these sandy-clay
formations can locally include clay. This occurs most often at great depth

(more than 10 m).

3.4. Ceramic Characterization Tests

The purpose is to monitor the behavior of Thicky clay during the process of

brick production.

3.4.1. The Grinding
Three samples collected from the drill core carried out were crushed separately

in the rolling mill. The aspect of the grinded material is shown in Figure 10. The
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Figure 10. The grinded clay sample from the drill hole TK1.1.

description of the grinded clay raw material from TK.1.1 shows a clay free from
organic matter, unpolluted, easy to grind with a maximum diameter of particles

of 1.2 mm.

3.4.2. The Mixing

The amount of water added to the clay is determined based on the measured
moisture of the raw material, the manufacturing process and the type of product.
The three samples TK1.1, TK1.2, and TK1.4, mixed in equal portions, are placed
in the mixer and then water is added gradually until a homogeneous mixture is
obtained. For a clay mass of 8 kg, the quantity of water added is 0.82 kg, and it

corresponds to moisture of 18.8%.

3.4.3. The Extrusion
The clay is extruded using a molding machine. Depending on the type of the de-
sired product (type of brick), the output head of the molding machine can be
modified. A result of brick extrusion is shown in Figure 11. The extrusion was
carried at 10 MPa and a vacuum pump deaerated the blend [7].

The extruded material shows a soft paste of clay with a good plasticity and a
hardness of 1.5 (<2 kg-cm™).

3.4.4. The Drying of the Bricks

The drying of clay paste is an important and delicate industrial process, both
because of its cost price but also because it is the source of many defects such as
deformations and cracks which quickly increase the rate of thrown-out bricks.
The drying of clays involves various physical phenomena, some of which are

well known, such as dimensional variation.
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Figure 11. Bricks extrusion.
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Figure 12. Bigot’s curve of the Thicky clay mixture.

The dimensional variations of clay paste during drying are well known. They
are most often represented in the form of a Bigot curve (Figure 12). This curve
allows the linear shrinkage to be predicted as a function of the evaporated water.
Firing shrinkage is calculated as a relative change in the length of the wet shaped
bricks after the firing process.

The results obtained are summarized in Table 2. The clay requires an average
quantity of water to obtain a plastic paste which shrinks when drying with mod-
erate length of shrinkage. Its classic Bigot’s curve has a linear part with an aver-
age slope and a short transition phase. These characteristics indicate a good
drying behavior. After three (3) hours of drying, for a gradual and maximum
temperature of 75°C, the measured moisture drops from 80% to 05% (Figure 13
and Figure 14). The residual moisture of the briquettes measured is 2.8%. There

is no apparent deterioration after a drying period of 3 hours.
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Table 2. Values obtained according to the Bigot’s curve of the clay mixture.

Mixture TK1.1, TK1.2, and TK1.4 Values obtained
Colloidal water (in% of dry mass) 8.7
Interposition water (in% of dry mass) 10.1
Preparation water (in% of dry mass) 1.8
Drying shrinkage (% of dry length) 6.0
Slope of the linear part 1.43

Figure 13. Samples before drying.

Figure 14. Samples after drying.

3.4.5. Bricks Firing
In the firing tests, a standard firing cycle has been proposed in order to prede-
termine the most suitable firing temperature for industrial production. Several
cycles of temperature varying between 900°C and 1100°C were carried out. A
24-hour cycle with a gradual temperature up to 950°C with a plateau of 2 hours
and 30 minutes was used. The firing process was developed in a programmable
laboratory furnace and the firing curve was set as shown in Figure 15. Arsenovic
et al. [8] showed that firing temperature is the most influential variable for me-
chanical characteristics predictions.

Study conducted by Charai et al [9] shows that the bricks were dried in a

dryer room at 60°C for three days to prevent shrinkage cracks, and fired in a
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furnace for 24 h at selected temperature of 880°C.

No firing defect was observed and the bricks do not show any cracks, defor-
mations, or efflorescence with an orange-red color. The firing shrinkage gives a
value of 0.8% for a 24 hours’ absorption of 8.5%. Figure 16 and Figure 17 give
an overview of the samples of bricks before and after firing at the temperature of
950°C.

Temperature (°C)
1000
900 -
800 / AN

700 7 N
600 s AN

500 - N

400 Vi \\
//

300— N

200— N

100,/

8:00 02:24 04:48 07:1209:36 12:00 14:24 16:48 19:12 21:36 0:0
Measured Temp (°C) — — — Setpoint Temp (°C) Time (h)

Figure 15. Curve of the 24-hour firing test with a plateau of 2 hours and 30 minutes at
950°C.

Figure 16. Samples of bricks before firing.

Figure 17. Samples of bricks after firing at 950°C.
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3.4.6. Control of Ceramic Behavior

This involves the physical characteristics determination of the bricks including
moisture, total shrinkage, density, loss on ignition and water absorption. At the
end of the ceramic behavior tests mentioned above, the results obtained are rec-
orded in Table 3.

The mixing in an equal part of the three samples TK1.1, TK1.2, and TK1.4
collected in the Thicky area requires an average quantity of preparation water to
be extruded into a soft paste with good plasticity.

A 3-hour programmed drying test allows thin-walled with two-cell bricks to
be dried without any deterioration appearing. The residual brick moisture
reaches 3% (dry). Thus, an accelerated drying of products in industrial condition
is possible.

On the other hand, a drying test programmed in 6 hours makes it possible to
dry the samples without any deterioration appearing. In this case, the residual
brick moisture reaches 6.9% (dry).

After firing, bricks of beautiful appearance and smooth texture with an orange-
red color are obtained. The sound of the bricks shards suggests a good mechani-
cal strength.

Ultimately, the bricks are characterized by a low loss on ignition, a low shrin-

kage value less than 1% (dry) and an acceptable water absorption value.

4. Technical and Economic Optimization of the Clay Bricks
Produced

4.1. Theoretical Formulas and Testing Procedure

A technical and financial optimization of the production of fired clay bricks
to ensure good physical and mechanical characteristics, on the clay quarry of
SOFAMAC Company in Thicky was carried out. The lithology of the quarry cut
front (Figure 18) shows plastic yellow clays, of smaller thickness (~1.8 m) on top
of the gray clays (~10 m). The clay layers are all covered by a lateritic formation.

The yellow clays were used as a degreaser by mixing them with the gray clays,
which has a greater thickness.

Mixtures (by mass) M1, M2, M3, M4, M5, and M6 with 10%, 20%, 30%, 40%,
50% and 60% of yellow clays and 90%, 80%, 70%, 60%, 50% and 40% gray clays

Table 3. Results of ceramic behavior tests on the bricks

Bricks from mixture of Water
Extrusion Residual  Shrinkage Losson

samples T;‘(Iii1.4+ TK12+ moisture moisture (%) (%)  ignition (%) abscz;g)t ion
Green color 18.8
3 hours drying of briquettes 2.8
6 hours drying of briquettes 6.9 5.8
Firing at 950°C 0.8 4.4 8.5
Firing at 900°C 0.4 4.3 9.4
DOI: 10.4236/msa.2021.129027 401 Materials Sciences and Applications
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Figure 18. Lithology of the quarry cut front.

respectively have been used to assess the duration and the temperature of firing,
while producing bricks that meet the physical and mechanical characteristics de-

sired for their use in building works.

4.1.1. Characterization of the Clays

The tests on the raw material are very important because they allow the clay
identification and the prediction of their behavior during shaping, drying, firing,
and cooling processes but also of the bricks produced. Samples collected from
the plant’s stock were subjected to different types of tests.

4.1.2. Natural Water Content of Clays

The determination of the water content by mass is carried out according to
standard NF P 94-050 [10]. Samples are placed in an oven at 105°C for 24 hours
and their mass is determined, by weighing the samples before and after.

4.1.3. Density of Clays
The tests were carried out according to standard NF P 94-054 [11].

4.1.4. Particle Size Analysis

They were carried out according to standards NF EN ISO 17892-4 [12]. Particle
size analyses are carried out by the wet sieving method and by hydrometer anal-
ysis. The grain size curves are given in Figure 19 shows two samples with mainly

fine soils.

4.1.5. Atterberg Limits
Yellow and gray clays as well as mixtures are in the plastic domain according to
standard NF EN ISO 17892-12 [13]. The Atterberg limits are the water contents

of the soil at the considered transition state. The limits of liquidity («;) and plas-
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ticity (wp) are determined, and the plasticity index (Z,) which characterizes the
plasticity of the clay is deducted from the difference between w; and wp. The
plasticity index is the range of moisture contents over which the soil deforms
plastically.

The consistency index (/¢) characterizes, considering the water content, the
natural state of a soil compared to the Atterberg limits. It indicates the consis-

tency (firmness) of a soil.

4.1.6. Determination of the Lime Content
A high level of limestone content in the clays leads to cracking during the drying
and firing stages. The limestone content should not exceed 15% of the mass of
the clay mixture according to the various experimental methods. The calcium
carbonate (CaCO;) content was determined according to the standard NF P94-048
[14], using the Dietrich-Frithling calcimeter. The reaction of limestone sample
with hydrochloric acid is given by Equation (1):

CaCO, + 2HCI — CaCl, + H,0+CO, (1)

4.1.7. Methylene Blue Test and Activity of Clays

The methylene blue test was carried out according to standard NF P94-068 [15].
The activity of clays is the ratio between the methylene blue value determined
according to standard by NF EN ISO 17892-4 [12] and the particles content of

dimensions smaller than 2 pm.

4.2. Manufacturing Process of Clay Bricks

The manufacturing process of clay bricks by SOFAMAC Company consists in
different but independent successive stages. Standard NF P 13-301 [16] sets the
physical criteria and aspects which allow the validation of fired clay bricks man-

ufactured industrially for construction.

4.2.1. Water Absorption

The objective is to determine the quantity of water at room temperature ab-
sorbed by the bricks (Figure 20) and measured according to standard NF EN
771-1 + A1/CN [17]. The water absorption capacity is one of the important cri-
teria for representing the quality and strength of the clay bricks.

4.2.2. Capillarity Absorption of the Bricks

Measuring the capillarity absorption of water of a brick consists of placing a
brick, with a mark made at 10 mm from its bottom, following its setup direction
in a container filled with water. The brick is left in the container for a period
time of 60 minutes (1 hour) as specified by the standard NF EN 772-11 (F) [18].

4.2.3. Loss on Ignition
The Loss On Ignition (LOI) refers to the quantity of material lost by the brick
during its firing. In fact, the firing process leads to a reduction in mass of the

brick due to residual water evaporation after the bricks drying, to the organic
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volatile compounds release, and other components whose volatilization temper-

ature is lower than the bricks firing temperature.

4..3. Mechanical Tests

Compressive strength test, which is an essential and frequently determined pa-
rameter to assess the ability of a material to be used in construction, were con-
ducted on the bricks.

The compressive strength given by Equation (2) is determined according to
the standard NF EN 772-1 [19].

Rc= L (2)
S

Rcis the compressive strength value in N-mm™, Fis the compressive breaking

load in N, and sis the contact section of the brick (mm?).

4.4. Thermal Characterization of Bricks

For this characterization, a measuring device of an asymmetric hot plane type,
using the measurement of the temperature of the heated face of the sample, was
carried out at the Applied Energetic Laboratory (LEA) of Ecole Supérieure Poly-
technique of Dakar. The heat transfusion is unidirectional and vertical to the
sample. The measuring device is connected to an electronic acquisition unit and
software of a graphical interface type makes it possible to control the tests and
process the results.
The thermal resistance is obtained by Equation (3):

R=I (3)

From Equation (3), the Lambda coefficient is determined if we know the ther-
mal resistance and the thickness, and vice versa. The thermal resistance of a build-
ing component made up of several superimposed layers, and perpendicular to
the heat flow, is the sum of the individual thermal resistances of all the layers
(Equation (4)):

R=>R (4)

5. Testing Results and Discussions

The chemical studies, carried out on the clay collected from various stacked piles,
gave the results shown in Table 4.

Table 4 shows that Thicky clays contain three main chemical elements which
are SiO,, ALLOs, and Fe,O;. The other chemical elements identified have varying
contents that do not exceed 2% with water content at around 5%. According to
the analysis carried out, SiO, being unbound to AL,O; decreases the binding power
of clays, increases the porosity of the bricks once fired and lowers their solidity.

Alumina is an element which strengthens the plasticity of clay, and gives a

mechanically resistant product. It also allows the products to withstand high
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temperatures. To have good fired products quality, the alumina content must

vary between 10 and 30% what we have with Thicky clay. In contrast, CaO caus-

es cracking in raw products exposed to air. Excess of CaO can cause swelling

during firing and bricks breaking.

The dark red color reflects a higher Fe,O; and MgO content in the clay, but a

large amount of iron lowers its refractoriness.

Na,O and K,O lower the sintering temperature of the clay. The sintering con-

stitutes the whole process of shrinkage, density and resistance increases of clays

during the firing process.

Table 5 gives the water content of the two types of clays. An average of 5.45%

is obtained.

The obtained results of the density tests are shown in Table 6. They show that

the gray colored clays are less dense than the yellow colored ones.

The particle size curve show that the gray clays are less coarse than the yellow

clays. Gray clays and yellow clays contain a fairly large amount of fine particles,

of about 95% of the total mass.

According to the distribution of the granular fractions, the results obtained

Table 4. Results of chemical analysis obtained on the clays.

Grey clays

Chemical elements

Yellow clays

Chemical composition (%)

SiO. 76.833

ALOs 12.552

Fe:0s 2.619

TiO: 1.042

CaO 0.235

MgO 0.875

K0 1.560

Na.O 0.495

H:O or loss on ignition 4.225

72.394

12.270

4.930

0.973

0.253

0.750

1.470

0.820

4.980

Table 5. Results of natural water content of the clays.

Types of clays Water content (w%)
Grey clays 5.09 %
Yellow clays 5.82 %
Table 6. Density of clays.
Grey clays Yellow clays
Bulk 1.39 1.42
p(gem™)

Specific 2.25 2.51
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indicate that these clays consist mainly of 5% of clay fraction, 9% of fine silt, 22%
of medium silts, 60% of coarse silts, and 4% of sand.

A slight variation was observed in particle size between the two types of clays
(Figure 19).

The Atterberg limits results obtained on gray clays and yellow clays as well as
on the mixtures between the two clays are presented in Table 7.

The plasticity index values vary between 20% and 40%. However, the yellow
clays are less plastic than the gray ones. This plasticity decreases as the mass of
the yellow clay increases in the mixture. This fact allows the yellow clays to be
used as a degreaser in the mixture.

The plotting of the different values of Ip and wLZ in Casagrande diagram [20]
shows that the gray clays are considered as very plastic inorganic clays and the
yellow clays as moderately plastic inorganic clays. However, their mixtures at the
proportions by mass indicated in Table 9 lie between the two types of behavior.

The limestone content values found on gray clays and yellow clays as well as
in the mixtures are presented in Table 8.

The different types of clays analyzed are classified as non-calcareous materials,

100
90

80 —8—Grey clay

70 —@— Yellow clay
60

50
40
30

Cumulative passing (%)

20

10
0.0001 0.001 0.01 0.1 1

Particle size (mm)

Figure 19. Curves of the hydrometer analysis of the two types of clays.

Table 7. Results of plasticity test on the clay and on the mixtures (YC = Yellow clays, GC
= Grey clays).

Mixture M M M; M, Ms

10% YC 20% YC 30% YC 40% YC 50% YC
100% YC 100% GC + + + + +
90 GC 80% GC 70 GC 60% GC 50% GC

w (%) 5.82 5.09

wz (%) 39.2 58.1 57.7 54.79 58.33 51.49 453

wp (%) 14 20.11 16.78 15.81 20 17.01 16.9
Ip 25.2 37.99 40.92 38.98 38.33 34.48 28.4
Ic 1.30 1.39
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Table 8. Results of limestone content obtained from the clays samples.

Types of clay (%) CaCOs (%) Classification
100% grey clay 9.86
100% yellow clay 8.24
90% grey clay + 10% yellow clay 8.96
80% grey clay + 20% yellow cla 8.6 Non calcareous
o grey cay oy Y ' materials
70% grey clay + 30% yellow clay 9.68
60% grey clay + 40% yellow clay 9.65
50% grey clay + 50% yellow clay 9.59
Table 9. Blue methylene values and activity of clays.
M M2 Ms M, Ms

10% YC 20% YC 30% YC 40% YC 50% YC

100% 100% N N N N
e Ge 90 GC 80% GC 70GC 60% GC 50% GC
VBS (g for 100 g
4.0 6.0 5.5 4.83 4.17 3.83 3.33
of dry sample)
Activity (A) 0.095  0.15

since their calcium carbonate contents do not exceed 10%. These results ob-
tained constitute an advantage for the fired clay bricks production since a high
content of limestone makes cracks appear on the final product.

The results obtained for the methylene blue and the grain size tests are given
in Table 9. According to standard, the activity values obtained (A), only for the
100% of GC and 100% of YC, do not exceed 3. This shows that the clays tested
are in the inactive range of clays.

The tests carried out suggest putting an emphasis on the grain size distribu-
tion of the clay, which has an influence on the stability of the structure. The val-
ues of Ip and wL also allow us to classify materials by their plasticity and their
consistency. Gray clay appeared to be more plastic than yellow clay, but they all
have a hard consistency. The influence of grain size distribution is also evident
on the kind of bricks obtained.

All the results obtained prompted the choice to produce fired clay bricks with
a mixture of 50% of gray clay and 50% of yellow clay at a temperature of 950°C
for six (6) hours. This choice allowed the company to use now in its process the
yellow clays which had previously been deposited in favor of the gray clays
which were overexploited.

For the bricks manufacturing, the physical criteria and aspects which allow
the validation of fired clay bricks manufactured industrially for construction are
summarized in Table 10.

The bricks produced with 50% of gray clay and 50% of yellow clay, fired at
950°C for 5 hours do not show any signs of bursting or any deformation ob-

served. They present straight edges and uniform surfaces. The flexion measured
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between two parallel edges varies between 1 and 3 millimeters. The measured
shrinkage values vary between 5.36% and 7.62%. These results give very accepta-
ble appearance characteristics for the products manufactured.

The results obtained for the water absorption values on the bricks studied are
shown in Table 11. They were found smaller than the tolerance of 15% provided
by standard NF P 13-301. This suggests a good water absorption behavior for the

Table 10. Main criteria to be verified according to the standard NF P 13-301.

Characteristics Specification/defects Tolerances

Appearance Cracks - Deformation - Blistering - Tearing - Visual criteria to be checked and
characteristics ~ Flatness Edge straightness - Surface condition  flexion not exceeding 5 mm

Physical . .
. Bursting No white spot
characteristics
Shrinkage <8%
Water absorption <15%
Loss on ignition <15%

Table 11. Water absorption values of the studied bricks.

Bricks references  Initial mass (kg) oxra:;:?:i:)j‘t;g) Wa:,e:l :le)ss(z;:)tion
Amsa 1 5.940 6.350 6.9
Amsa 2 6.409 7.003 9.3

Amsa 1 bis 2.969 3.239 9.1
Amsa 2 bis 3.763 4.037 7.3
Amsa 3 1.630 1.764 8.2
Amsa 4 5.189 5.597 7.9
Amsa 4 bis 6.396 6.956 8.8
Claustra A 4.659 5.023 7.8
Claustra B 4.319 4.699 8.8
Claustra C 4.688 5.069 8.1
Claustra D 3.769 4.069 8.0
BP 06 1.601 1.774 10.8
BP 60 3.081 3.366 9.3
BP 50 2.756 3.084 11.9
BP 200 9.360 10.113 8.0
BR 200 9.524 10.660 11.9
BR 10 3.813 4.199 10.1
BS 200-1 9.294 10.077 8.4
BS 150 13.178 14.026 6.4
Hourdis 7.076 7.685 8.6
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studied bricks. Figure 20 gives an example of a soaking brick in water.

A lower value of the water absorption capacity is always desired for good
quality of clay bricks [21].

For the capillarity absorption of the bricks, as soon as this time has elapsed,
the water raising by capillarity is measured from the marking line with a gradu-
ated ruler (Figure 21).

The capillarity absorption values obtained for the different types of fired clay
bricks according to the standard are given in Table 12.

According to the results obtained on the 20 types of fired clay bricks produced
by SOFAMAG, the capillarity absorption rates belong to the class of very poorly
absorbent bricks according to standard NF EN 772-11.

The results of loss on ignition obtained after the bricks firing are shown in
Table 13.

For the 20 types of bricks submitted to the test, the losses on ignition values
are less than 10%. Johari et al [22] found a LOI of 8.75% for the clay for manu-
facturing fired clay brick mixed with waste rice husk ash.

The maximum values allowed for a good quality of brick according to the
standards ASTM C618 (1980) [23] are respectively 10% and 15%. So the values

obtained comply with the standards and remain acceptable in order to avoid a

Figure 20. Submerged brick during an absorption test in a pan.

Figure 21. Brick subjected to the capillarity absorption test.
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Table 12. Capillary absorption values measured on several types of bricks produced by
SOFAMAC.

Water Brick Brick Brick  Capillari

Brick Brick weight A
TICKS raising after  initial Tick wels rea length width  ty value

references 1h(cm) weight (g) after Lh(g) (mm? (mm) (mm) (Ca)
Amsa 1 2.90 5940 6359 85,305 363 235 0.082
Amsa 2 3.50 6409 6811 85,305 363 235 0.079
Amsa 1 bis 3.50 2969 3147 41,064 232 177 0.072
Amsa 2 bis 2.90 3763 3930 36,720 360 102 0.076
Amsa 3 1.50 1630 1714 25,410 363 70 0.055
Amsa 4 8.50 5189 5374 45,080 230 196 0.068
Amsa 4 bis 4.00 6396 6783 55,660 242 230 0.116
Claustra A 1.00 4659 4709 56,169 237 237 0.015
Claustra B 2.80 4319 4392 56,169 237 237 0.022
Claustra C 1.80 4688 4746 56,643 239 237 0.017
Claustra D 2.00 3769 3804 56,643 239 237 0.010
BP 06 2.00 1601 1719 16,320 272 60 0.121
BP 60 1.60 3081 3224 40,040 286 140 0.060
BP 50 2.50 2756 2919 36,855 273 135 0.074
BP 200 4.50 9360 9675 41,180 290 142 0.127
BR 200 2.50 9524 9760 79,576 406 196 0.049
BR 10 2.00 3813 3913 40,020 290 138 0.042
BS 200-1 9.95 9294 9386 65,044 322 202 0.024
BS 150 4.50 13178 13245 80,752 392 206 0.014
Hourdis 3.00 7076 7253 69,420 390 178 0.042

Table 13. Brick loss on ignition values.

Brick:
Tieks Amsa 1 Amsa2 Amsalbis Amsa2bis Amsa3 Amsa4  Amsa4bis Claustra A ClaustraB Claustra C
references
LOI (%) 8.72 8.04 9.12 8.82 7.82 8.64 9.07 7.70 7.02 8.27
Bricks .
Claustra D BP 06 BP 60 BP 50 BP 200 BR 200 BR 10 BS 200-1 BS 150 Hourdis
references
LOI (%) 7.775 9.90 8.40 10.00 7.90 9.75 8.00 8.24 9.27 7.80

great deformation of the different bricks produced.

For the mechanical tests, if the laying face during the test is perpendicular to
the perforations of the brick, the area occupied by those perforations is to be
deduced in the calculations. To do this, a sand of a bulk density p= 1.5 g-cm™ is
filled in the cells of the brick according to its laying direction. Once the cells of
the brick are filled, the sand is weighed. The volume of sand extracted from the

cells of the brick is given by the ratio of its mass to its bulk density. Knowing the
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height of the cells which is the same as the brick, the area occupied by the cells
on the laying face would then be the ratio of the volume by the height of the
bricks (Figure 22).

The results of brick measurements, failure loads, and compressive strength
value are compiled in Table 14. The test is carried out using a classic concrete
press, operating with a hydraulic pressure system which moves the lower part
upwards until the brick breaks (Figure 23).

The compressive strength of the bricks mainly depends on the mineral struc-
ture, which strongly depends on the raw materials, drying and firing process (e.g.
increasing/decreasing temperature rates, soaking time, and moisture content [24].
The sintering and mechanical properties of the clay brick samples depend on the
optimum conditions maintained at the time of their manufacturing.

To meet the requirements of standards NF DTU 20.1 [25] and NF DTU 20.13
[26], the compressive strength average specifications are given according to the
following rules:

e For fired clay bricks with horizontal perforations, the average compressive
strength must be greater than or equal to 2.8 N-mm™3;

o For fired clay bricks with vertical perforations, the average compressive strength

must be greater than or equal to 4 N-mm™;

(a) (b)

(c) (d)

Figure 22. Illustration of the method used to determine the load application area of a brick with
cells. (a) Filling of the brick cells with sand; (b) Sand level making; (c) Sand extraction; (d) Sand
weighing.
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Table 14. Compilation of parameters during the compression tests.

Bricks Mass of Effective section  Failure load Compressive strength
references brick (kg) (cm?) (kN) value (MPa)
Amsa 1 6 853 365 4.3
Amsa 1 bis 3 410 200 4.9
Amsa 2 bis 3.8 367 159.8 4.4
Amsa 2 6.3 853 382 4.5
Amsa 3 1.6 254 172 6.8
Amsa 4 5.1 196 71 3.7
Amsa 4 bis 6.3 330 93 2.8
Claustra A 4.5 561 75 1.3
Claustra B 4.5 561 68.4 1.2
Claustra C 4.3 199 47 2.3
Claustra D 4.7 199 71 3.5
Claustra E 3.7 191 42 2.2
BR200 9.5 580 165.5 2.9
BP200 9 551 310 5.6
BP50 2.88 368 275 7.5
BP60 2.95 400 210 5.2
BS 150 13.4 807 345 4.3
BP06 1.5 163 165 10.1
BR10 3.9 128 92.5 7.2
BS200-1 9.3 650 310 4.7

Figure 23. Press used for the determination of compressive strength.

DOI: 10.4236/msa.2021.129027 412 Materials Sciences and Applications


https://doi.org/10.4236/msa.2021.129027

|. Diao et al.

e For other bricks, the average compressive strength must be greater than or
equal to 10 N-mm™.

According to the requirements of these standards, all the bricks with horizon-
tal perforations tested (Amsa 4, Amsa 4 bis and BR200) show satisfactory results.

Bricks with vertical perforations have satisfactory results and are much better
than bricks with horizontal perforations. This is due to the fact that the axial
stresses applied on bricks with vertical perforations are absorbed over their en-
tire height from the total area of the network of partitions forming the bricks
cells, while for bricks with horizontal perforations, the stress is applied along a
surface with a large void below.

The thermal characterization of bricks method allows the thermal conductivi-
ty and the thermal effusivity of the material to be determined in a short time
(Figure 24).

Knowing the conductivity of the material which is 0.427 W-m™".K™! and that of
unventilated air which is 0.024 W-m™.K™%, it’s possible to determine both the
conductivity and the resistivity of the cellular wall brick. For illustration, we have
chosen two types of bricks (BR200 and BS200) and the results are shown in Ta-
ble 15.

In comparison with the usual bricks made in cement in Senegal whose ther-
mal conductivity values vary between 0.47 and 1.2 W-m K"/, the use of fired
clay bricks for construction present more satisfactory results and must be fa-

vored for better sustainable development.

Time (min)
12

0 100 200 300 400 500 600 700
Temperature (°C)

Figure 24. Thermal conductivity curve.

Table 15. Examples of thermal parameters acquired in some types of bricks.

Bricks references Length and thickness Conductivity Resistivity
(mm) (W-m'.K™) (m2K-W™1)
Filling bricks: BR200 400 x 145 0.182 0.798
Structure bricks: BS200 300 x 145 0.349 0.415
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6. Conclusions

In light of the various fieldwork and laboratory tests carried out, the area of
Thicky has great potential for gray clays and yellow clays. Geophysical surveys
and geotechnical tests carried out on the area have shown that the clay forma-
tions locally change to sandy clays or even clayey sands. However, these sandy-
clay formations can locally include clay but most often at great depth, more than
10 m below the surface.

Chemical analyses of the clay materials show that they contain mainly SiO,,
AL O;, and Fe;0:s.

The grain size distribution shows a composition of 5% of clays, 9% of fine
silts, 22% of medium silts, 60% of coarse silts, and 4% of sands. The gray clays
show slight variations compared to the yellow ones with natural content of water
of 5.09 and 5.82% respectively. The plasticity index varies between 24% and 30%
with a low level of limestone.

The shrinkages measured on the manufactured bricks vary between 5.36% and
7.62% for water absorption between 6.4% and 11.9%. The capillarity absorption
of water oscillates between 0.01% and 0.12% and the loss on ignition values va-
rying between 7.02% and 10%. The compression tests on the bricks give satis-
factory results depending on the type of brick tested.

In terms of thermal behavior, the tests performed on the fired clay brick give a
thermal conductivity and effusivity of 0.42 W-m™.K™! and 746.47 J-K'm2.s7'2
respectively.

The quality of clays used in the brick industry varies due to chemical, minera-
logical, grain size and technological properties. The diversity of compositions
and the heterogeneous nature of raw materials cause variations in fired product
characteristics. The results obtained in this study show that the fired clay brick
industry has been highlighted as an optimal sector for developing new materials
in order to minimize environmental impact and improve building insulation

envelopes.
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