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Abstract: For several decades now, clay has been used as a building material, but it is also attracting renewed
interest, as can be seen from a review of some of the work in this field [1]-[2]-[3]-[4]. The main reason for this
is that the production process for cement-based materials has been identified as having convincing reasons for
contributing in large part to global warming. In the search for thermal comfort at lower cost, the use of natural
insulating materials such as typha has been considered. Typha is an upright, unbranched, knotless perennial
rhizomatous grass that can grow up to 3.50 m high [5]. According to some sources, its presence has a negative
impact on agricultural activities, biodiversity and river navigation, and causes the proliferation of certain
diseases [6]-[7]. Its use in construction to improve the thermal properties of bricks is a real boon to eliminating
the nuisances it causes.

This study provided information on the thermal characteristics of clay bricks mixed with typha aggregates.

Six samples of clay bricks with typha content (0%, 0.7%, 1%, 1.6%, 2% and 3.5% by mass) were designed and
subjected to a transient thermal characterisation method: the asymmetric hot wire, to estimate their thermal
properties.

The results show that in our study range, the thermal conductivity of the brick fell from 0,92 W.m™1.k™* to
0,37 W.m™1.k™1, a reduction of around 40%.
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1. Introduction

Clay has long been used by the world's population to build earthen structures. Economic and technological
development has brought with it other, more resistant and durable materials (cement-based concrete, lime,
bitumen, etc.) that are taking the place of clay in every construction project. But the problems of global
warming, which are becoming more and more persistent, are forcing us to seek out and use more
environmentally friendly materials that do not emit greenhouse gases, can reduce energy requirements and,
above all, offer appreciable thermal comfort. Among these materials, we have targeted clay by determining its
thermo-physical properties with a view to reducing heat transfer due to the temperature gradient across the walls
of the dwelling. According to the literature, a mud brick should have a thermal conductivity value of around 1.1
W.m™t.c™1[8].

As for typha, which is an aquatic monocotyledonous plant of great length that takes root in stagnant water,
several studies have shown that its thermal conductivity is well below 0.065 W.m~1. K™%, So a building material
made from clay and typha could have quite interesting thermal properties that could provide thermal comfort.
Several authors have worked on determining the thermo-physical and mechanical properties of typha australis
combined with concrete and certain earth-based materials such as clay and laterite [9]-[10]-[11]-[12]-[13]-[14].
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2. Materials and Methods for Measuring Thermal Properties

Materials and sampling

The clay used to design the samples was collected from the Thiky clay quarries in the Mbour department and the
Typha quarry at the Pikine technopole. The photos in Figure 1 show the natural appearance of the materials in
their raw state.

i

Figuré 1: Natural-aspect of the clay extraction quarry and Typha field

To design the bricks, both materials were processed. Ground and powdered clay. Dried and chopped typha. The
images in Figure 2 show how they look.

The materials were mixed and exposed to the sun for days to obtain samples measuring 10x10x3 ¢m3 whose
mass compositions are recorded in the following table.

Table 1: Mass composition of samples
SrN°  Mass of clay () Mass of typha (g) Percentage of typha (%)

1 420 0 0
2 417 3 0,7
3 415 5 1
4 413 7 1,6
5 411 9 2
6 405 15 3,5

Figure 3 shows the samples obtained and subjected to the measurement method.
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Figure 3: The samples

Measurement of Thermal Properties

For reasons of availability and simplicity of use, the hot-wire method is used to characterise the samples. More
specifically, we have opted for the asymmetric hot-wire method because of the difficulties involved in obtaining
perfectly identical samples.

The principle of the measurement involves placing a hot wire between the surfaces of a polystyrene and the
sample to be characterised [15]-[16]. When a flow of heat is applied to the sample, the direction of heat
propagation is assumed to be radial while the disturbance has not yet reached the other faces of the sample: the
sample is assumed to be a semi-infinite medium. Starting from a well-adapted quadrupole model, we can then
establish the expression for the Laplace transform of Ts(t) in the form:
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6, Laplace transform of the difference Ts(t) — Ts(t=0)

6: Laplace transform of the difference T(t) — T(t=0)

Rc: Contact resistance at sample/heating resistor interface

A: Thermal conductivity of the sample

a: Thermal diffusivity of the sample

p: Laplace variable

ro: Radius of heating wire

L: Length of heating wire

@, Power dissipated by the heating resistor

Iy, I;, Ko, K1 Bessel’s functions.

By performing a limited first-order expansion of the Bessel functions, the Laplace transform tables can be used
to calculate the values of the thermal conductivity A, the heat capacity C and the contact resistance Rec.

After inverting the temperature in Laplace space into real space, we can use the plot of the Ts(t) - Ts(0) function

as a function of In(t). This produces a straight line with slope 4:ng the determination of which gives an

approximate value for the thermal conductivity A. This value will subsequently be used to iteratively run the full
model program.
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Figure 4: assembly of the asymmetric hot-wire Figure 5 : Experimental set-up

method

3. Résultats

Présentation des résultats

The calculation software (MATLAB) used to estimate the thermal parameters of the samples is based on
theoretical curves to estimate the values of the thermal parameters. The curves showing the variation in
temperature as a function of time were displayed for a material with a thermal conductivity of 1.1W.m™.s. This
value was gradually increased by 2, 5, 10 and 50% to see how the curves evaluated.

The temperature vs. time curves for our samples subjected to the asymmetric hot-wire method are shown below.
This allowed us to extract the values of the thermal parameters of the samples.
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Figure 6: Theoretical temperature curves Figure 7: Experimental temperature curves

The values for thermal conductivity, thermal diffusivity and heat capacity for each estimated sample are listed in
the table below.

Table 2: Summary of measurement results

Sample Thermal conductivity Thermal diffusivity =~ Thermal capacity
P (W.m Lk (m2s—1) (3.m3s-1)
N°1: (100% clay) 0,92 0,25.10-7 3653363
09. 0, - 0,
N°2: (99.3% mass of clay; 0.7% 0,84 2710-7 312942
mass of typha)

N°3: (99% % mass of clay; 1% 0,78 2,28.10° 7 3363424
P
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mass of typha)
N°4: (98.4% % mass of clay;
1.6% mass of typha)
N°5: (98% % mass of clay; 2%
mass of typha)
N°6: (96.5% % mass of clay;
3.5% mass of typha)

0,59 5,20.10-7 1140495
0,58 3,11.10°7 1864532

0,38 3,16.10°7 1198325

Analysis of Results
The values in the previous table enabled us to plot the thermal conductivity of the clay bricks as a function of
their typha content.
The temperature vs. time curves for the six samples have virtually the same shape as the theoretical curve.
The brick made entirely of clay (sample No. 1) has a thermal conductivity of 0.92 W.m™1.k™1. The thermal
conductivities of the other samples decrease with typha content. This gives the descending curve in Figure 7.
The drop in thermal conductivity is most noticeable when the typha mass increases from 1% to 1.6% and from
2% to 3.5%.
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Figure 7: Thermal conductivity curve for bricks as a function of typha content

Interpretation

The thermal conductivity of the clay-only brick is 0.92 W.m~1. k™1, different from that found in the literature.
This difference can be explained by the different types of clay and the conditions under which the samples were
designed and measured.

The presence of typha, with its low thermal conductivity, considerably lowers the thermal conductivity of the
brick. Less than 4% (3.5%) by mass of typha reduces the thermal conductivity of the brick from 0.92 to 0.38
W.m™ k™1, i.e. a59% reduction in the thermal conductivity of the brick.

The much higher temperature difference of samples N°2 and N°4 at time t = 100s than the other samples is due
to a higher contact resistance of samples N°2 and N°4 than the others.

4. Conclusion

This document is a contribution to the study of the thermal characteristics of clay bricks mixed with typha. The
results of the study show that clay bricks mixed with typha can contribute considerably to improving the thermal
insulation properties of bricks. This provides thermal comfort in hot areas. These bricks can also help to
moderate energy consumption due to the use of air conditioning in urban areas by reducing heat transfer flows
through the walls of buildings.
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