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Introduction:

The construction industry employs a wide range of products: bricks, concrete, tiles and facing bricks. Facing bricks
are typically made of: ceramics, clay stabilized, laterite and small thicknesses. They are used for interior and exterior
coating of buildings. The bricks are fired or stabilized with binder such as Portland cement. The use of facing bricks
in the building as walls and especially the rounded structures is a problem that the masons should solve because
these bricks are rigid. Therefore they are used to cut them with risk the destruction of the product. In addition, this
model requires for Mason lot of efforts and a waste of time. In addition the result is bad in general after laying these
bricks on the rounded surfaces. Thus in order to resolve these problems of inadequacy of these rigid bricks on
rounded surfaces, this study was planned in order to develop flexible facing bricks made of local raw materials: sand
and latex rubber. These bricks will be submit to mechanical characterization tests to determine their performances.

Materials and methods:

Raw materials:

The raw materials used for the realization of this work are the sand and latex rubber.
The sand from a quarry located at Port-Bouet (Abidjan). For this study this sand is sieved and particles larger than 1
mm are removed to give bricks a fine texture. Granulometric and mineralogical analyses indicate that it composed of
35% of fine sand whose grain size is between 0.08 and 0.315 mm and 65 % of medium sand whose grain size is
between 0.315 and 1 mm. The Cu Hazen uniformity coefficient is 2.5, our sand has a narrow particle size
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distribution. Mineralogical analysis was performed by X-ray diffraction It shows that the sand is mainly composed
of quartz (SiO2).

The latex rubber is used as a binder. It is a natural binder. The rubber latex, used to make flexible facing bricks,
comes from a private plantation near Dabou (lvory Coast). It is used in liquid form for the realization of bricks. The
rheological behavior of the rubber latex shows that when the mixing time is long, the liquid phase is denser and its
viscosity increases. The latex separates itself into two phases, namely a gaseous phase and a liquid phase that we
also observe in ultracentrifugation of the rubber latex (Chrestin, 1984).

Elaboration of bricks
The figure 1 presents the brick making process.
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Figure 1: brick making process
Drying takes 7 days to allow the coagulation of rubber latex. After drying, bricks were subjected to mechanical
characterization tests.

Characterization bricks:

Flexibility test:

The elaborate bricks have two sides that can be used as outside (apparent) on the future building. They correspond
according to the compacting mode to the upper or under face of the brick (figure 2). Brick flexibility on both sides;
with latex contents, varying between 10 and 22%; was measured.
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Figure 2:Diagram showing the upper and under side of the bricks

The purpose of this test is to know bending angle limit when the specimen is folded. This curvature limit angle
called angle flexibility. For measuring angles flexibility, we set the brick on the sample holder with screws, a
rotational movement of the crank allows folding until the appearance of first cracks. This flexibility test device has
been developed by Jolissaint (2015). On recognition of the presence of cracks, flexibility limit is observed. The
bending angle is read on a protactor. It is provided in degrees (°).

Lengthening test:
This test consists in submitting the brick to load and measuring lengthening relative of the brick. The brick is
attached to a support, and submitted to different loads. When the brick lengthens and upon the finding of the
appearance of cracks, we read the elongation on the graph paper. The distortion is calculated by applying the
following formula:

L-Lo

€%w) = |_— X 100 (A1)
0

Where,

€: Distortion in %

L: length to the appearance of cracks, in mm

Lo: initial length, in mm

We also measure the load that causes the appearance of cracks on the brick. This load is provided in Newtons (N).

Usury resistance:

The wear test characterizes the abrasion resistance of the faces of bricks. The procedure used in this test consisted in
immersing bricks in to water for 24 hours and then drying them in the sun until constant weight. Before each test,
dimensions and weight of samples are measured. Each face is subjected to a cycle of 25 brushings. A brushing cycle
corresponds to a round trip of the brush along the entire length of the brick while ensuring that the over half of the
brush remains permanently in contact with the surface thereof. This usury resistance device has been developed by
Kouakou (2005). At the end of brushing, the surfaces are thoroughly cleaned to eliminate items that were detached
and the weight (M) is determined; a mass My is obtained.
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Wear is given by the formula:

M;- M¢ )

l,l:
St

Where,

LL wear is provided in g/cm?,

M; is the mass (g) of the dry sample before brushing,
Mg is the mass (g) of the sample after brushing,

Sy is the brushed surface (cm?).

Results and discussion:

Latex effect on the flexibility of bricks:

The figure 3 shows respectively the results of measured bending angles of the upper side and the underside of the
bricks according to the latex content.
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Figure 3: Change in flexibility depending on the latex content for different faces bricks

Bending angle varies with the latex content in the first time. It increases with the increase of the latex content for the
both sides. For upper side the flexibility decreases when latex content is more than 16%, however, the bending angle
still to increase on the underside. This increase in the bending angle on the under side is increasing sharply beyond
20% because the slope of the curve changes. This is due to the unidirectional compaction. The behavior of the upper
face over 16% of latex is due to the incremental increase of the density gradient between the two faces.

From 16% of latex, the under face is more dense while the upper face is less dense, the latex tends to migrate by
gravity to the bottom. Internal stresses appear and the fine layers of latex tear resulting in a low flexibility. In
addition, between 18 and 22% of latex, the values of the bending angle on the lower side are higher than those
obtained on the upper face of the brick. This could be justified by structure of the latex in the mixture.

The electron microscopy observations of the bricks are shown in figure 4.

They show the amount of rubber on each side of the bricks. It is observed that on the upper side, the rubber is only
confined between particles of sand while on the underside it covers the surface of the particles. The amount of
rubber is therefore higher on the underside than on the upper face. It’s the reason why over 18 %, angle under face is
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greater than that of the upper face. In a unidirectional compression, it appears a density gradient. For the study the

underside is more dense, so its flexibility is greater. Indeed by gravity after compaction, excess latex accumulates on
the underside. To this is added, plasticity of the latex, the more latex over the face is flexible.

1. Latex 2. Sand particle
Figure 4:-Microscopic observations bricks for 18 %

Elongation of brick:

The figure 5 shows respectively the results of the distortion of the bricks according to the latex content and the
tensile strength of the brick.
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a) distortion depending on the latex content b) load as a function of the latex content
Figure 5:Behavior bricks on solicitation
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The elongation of the bricks and the force applied at break varies with the latex content: 10 to 22%, distortion and
breaking force of the brick increases. 12% latex, for example, the tensile strength is 31 N and the distortion is 3.7%
whereas 14% of latex the tensile strength is 40 N for a 5% strain. The latex affects the elongation of the bricks and
their ability to resist. Indeed, the latex as natural rubber has elastic properties. However, the rate of elongation
depends on the thickness of the applied rubber. The figure 6 shows Microscopic images of sections taken in the
bricks containing 12 and 18% of latex. These images show that the thickness of the latex film between grains
increases with the latex content. This explains the increase in elongation and tensile strength with the latex ratio. The
latex thus gives bricks elasticity and resistance to stretching. The maximum strain is 12%. The latex (rubber) is up to
750% elasticity of ownership (CNUCED, 2013). Since the latex is mixed with the sand, this may explain the rate of
elongation of 12% of bricks. This extension is due to the latex elastic property (rubber), and also depends on the
thickness of the applied rubber.

a ) Brick at 12 % of latex; b) Brick at 18 % of latex

1. Sand particle 2. Thin latex film 3. Thick latex film
Figure 6 :Microscopic observation of a cross section of the bricks

Usury resistance:
The results obtained are represented in figure 7.
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Figure 7:Resistance curve to wear according to the latex content
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The figure 7 shows the change in the wear of facing bricks according to the latex content. The wear decreases as
latex content increases. The loss of weight by brushing therefore decreases with the increase of the latex content. 10
to 16%, wear falls very rapidly and passes from 0.39 to 0.04 g /cm?.

- 16 to 22%, the change in the wear is low (0.04; 0.01) and tends to stabilized 22%.The sharp drop in wear between
10 and 16% can be explained by the fact that the amount of latex becomes sufficient to improve the cohesion
between the particles of sand and latex. When the latex content increases (16 to 22%), the material is more resistant
to wear because the cohesion between the particles is very strong. So when brushing the loss of weight of the brick
is very low.

Figure 8: shows the structure of the sand particles and the latex on the surface of bricks.

100 X 100 pm
WOVP-3148 —

a) Brick (12 % of latex) b) Uncoated particle of sand ¢) Brick (18 % of latex) d) Particle of sand coated
by latex
1. Sand particle 2. Latex 3. Particle of sand coated by latex

Figure 8:- Structuring surface for bricks

By juxtaposition, these images allow the following remarks. For latex contents of 12% for example, the latex is
essentially trapped in place between the sand particles. So there is not sufficient latex to coat the sand particles
(figure 8-a). This explains the high bricks wear.

For latex contents of 18%, the latex is found both between the sand grains on their surfaces. It is therefore sufficient
to coat sand particles (figure 8-c). Bricks wear will be very low. Thanks to its properties the latex binder coat sand
particles to form a coherent structure. The gradual formation of this structure which is the basis of the reduction of
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surface erosion. Latex incorporated into the sand has the effect of limiting surface erosion with a stabilizing wear at
0.01 g / cm This limitation of surface erosion of clay bricks when the cement is incorporated therein (Kouakou,
2005). In lvory Coast, the pressure exerted by atmospheric conditions on a surface produce a surface erosion of 2.5
kg / m? or 0.25 g / cm?(Assandé, 2007). There is a weight loss at wear lower than 0.25 g / cm?. And 12% of latex is
the minimum latex content from which the flexible bricks can be used in construction without having their surfaces
protected. For high mechanical stress, bricks must be made with latex content up to 16%.

Conclusion:

Various tests on bricks were used to determine the optimum latex content for having bricks with good mechanical
characteristics. The study of the mechanical behavior of stabilized bricks made of hevea latex shows that they are
influenced by latex content. This study also shows that for stabilized bricks with improved mechanical resistance,
latex contents must be from 16 to 18%. From 16% of latex, the bricks can be used in construction. We suggest 18%
of latex content as possible to have bricks of best qualities.
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