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Abstract The use of Typha Australis in the non-load bearing walls of buildings has increased their energy
performance. In this paper, we studied the impact of the use of this invasive plant in the load bearing structure.
For this purpose, we prepared concrete samples with Typha percentages varying from 10 to 60% in relation to
the volume of sand. The thermal characterization of these samples shows a clear improvement of the thermal
resistance of the Typha concretes compared to the control concretes with a mechanical resistance above the
criteria required for a load-bearing concrete.

Thus, the use of these Typha concretes, with an optimization of their thermal and mechanical characteristics,
allows to reduce the energy consumption of the buildings while contributing to the valorization of Typha
Australis.
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Introduction

Energy consumption is nowadays one of the major challenges for the socio-economic development of all
countries. Developing countries are particularly at risk, due to their low income and economic vulnerability.

In Senegal, electricity consumption has increased year after year. Indeed, it has seen a 12% increase between
2015 and 2018 [1-2]. Of this production, the building sector represents 25% to 30% of consumption [3]. Thus,
given the significant share of energy and electricity consumption that households occupy, which corresponded
to a carbon dioxide (CO;) release equal to 5034 Gg in 2005 [4], there is reason to rethink the way we build our
buildings.

In order to solve the paradox of energy inefficiency, which results in a waste of energy despite the high cost of
electricity, the production of energy-saving materials has been implemented in buildings. The lack of financial
means of the populations combined with a high energy consumption, make it also important to identify other
more appropriate materials, more insulating and less energy consuming. It is not a question of turning away
from the use of certain materials, in particular ordinary concrete which remains essential for many applications
requiring high mechanical performances. But, it is rather a question of developing certain natural and renewable
materials such as local plant resources in concrete, with the aim of finding a good conciliation of the mechanical
properties of concrete with the thermal, acoustic or hygrometric properties of plants. It is in this perspective that
the so-called biosourced materials or eco-materials like Typha Australis, which satisfy the sanitary concerns [5]
and which present a promising perspective that can participate in the development of the local economy, are
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studied in order to improve the properties of use of the materials used. Thus, the purpose of this study is to
integrate Typha in the load-bearing structure of buildings while having a compromise between mechanical and
thermal resistance.

Material and Methods
Preparation of the Specimens
Two series of control concrete were made. They differ in their cement class which increases from 32.5 MPa for
the S1 series to 42.5 MPa for the S2 series. The gravel/sand ratio (G/S) is also increased for the S2 series by
9.3% compared to the value of S1 to reach a ratio of 2. The following Table 1 gives the mass of the different
constituents of the two series:

Table 1 : Mass composition of the constituents of the control concrete for 1 m?

Designation S1 S2
Cement 32.5 MPa (kg/m*) 350
Cement 42.5 MPa (kg/m®) - 350
Sand (kg/m?3) 680 680
Basalt 3/8 (kg/m?) 329 360
Basalt 8/16 (kg/m?®) 917 1000
Water (kg/m?) 197 193

The determination of the Typha concretes was made from the control concretes of the S1 and S2 series by
substituting a volume quantity of sand by Typha up to 10 to 60% for intervals of 10%. Thus, the composition of
the Typha concretes is given in Table 2 below:
Table 2 : Composition of Typha concrete
Concrete  Concrete Concrete Concrete Concrete Concrete
dosed dosed with dosed with dosed with  dosed with dosed with

Designation (kg/m>)

with 10%  20% 30% 40%  50% Typha  60%
Typha Typha Typha Typha Typha
Cement 32.5 350 350 350 350 350 350

MPa
Sand 612 544 476 408 340 272
S1  Basalt 3/8 329 329 329 329 329 329
Basalt 8/16 917 917 917 917 917 917
Water 197 197 197 197 197 197
Typha 1.54 3.08 4.63 6.17 7.71 9.25
Cement 42.5 350 350 350 350 350 350

MPa
Sand 612 544 476 408 340 272
S2  Basalt 3/8 360 360 360 360 360 360
Basalt 8/16 1000 1000 1000 1000 1000 1000
Water 197 197 197 197 197 197
Typha 1.54 3.08 4.63 6.17 7.71 9.25

The Typha used in the study is cut after drying, then ground in a mill before being incorporated into the
concrete. Its particle size curve is plotted in this Figure 1.
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Figure 1 : Typha granulometric curve
The formulation of the specimens for the thermal characterization was done at the same time as those of the
mechanical specimens for a homogenization of the characteristics of the concrete implemented. Thanks to a

metallic mould of 10x10x3cm?, two specimens were made for each formulation, that is to say a total of 24
samples.

Figure 2: Formulation of thermal and mechanical samples
Once dry, the samples are demolded, sanded and smoothed on both sides that are in contact with the polystyrene

blocks, to limit the contact resistances. Thus, the measurement of thermal properties is performed for each
formulation.
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Figure 3 : Samples for thermal characterization after sanding and smoothing

Thermal characterization method
The device used allows to perform an asymmetric hot wire assembly model as shown in Figure 4 below. It
consists of a data acquisition module type TC-08, a stabilized power supply type Base Tech and a laptop
computer with the required programming.

Figure 4 : Measurement device
The sample to be characterized is placed between two blocks of extruded polystyrene of the same size
(10x10cm?) and thickness of 5 cm. A heating wire of the same length as the aluminum block is inserted between
the sample and the insulator as well as thermocouples on the same side for the temperature measurement. The
contact resistance at the interface does not increase with the presence of the thermocouples and the heating

resistor because the polystyrene is an insulator and the medium is deformable.

Py

N
N
%‘E Journal of Scientific and Engineering Research

52



GAYE A et al Journal of Scientific and Engineering Research, 2022, 9(4):49-58

This entire assembly is placed between two 3 cm thick aluminum blocks, for the maintenance of a constant
temperature. A significant mass is placed on the upper part of the aluminum block in order to keep the device
intact, to minimize contact resistances, to avoid thermal losses and lateral losses so that the transfer is assumed
to be unidirectional.

The plot Ty (t) — Ty (t = 0) as a function of In (t) is therefore a straight line with a slope 4(:%’ the determination

of which allows us to calculate the thermal conductivity A.

Modeling the hot wire method

The heat equation is written in the sample for heat transfer by conduction:
8%T 19T _ 10T
a? " ror aat
Modeling the system using the quadrupole formalist allows us to write [6]:
— ﬂAo+(AoRc+Bo)/Z
O™ p Co+(CoRc+D0)/Z
Ay =1
—_ 1 I(r) _ 1
2mALqrg I1(qro)  pemro?Lp

Co = pcnryLp

0

with : .
D, = 470 1o(aro)
2 I1(qro)
1 K1(qro)
= =2mAL =0
z AT Ko(qro)

Where:

6o: Laplace transform of the difference Ty (t) - To (t=0)
6: Laplace transform of the difference T (t) — To (t=0)
Rc: Contact resistance at the interface heating resistor / sample
C: Heat capacity of the thermocouple + resistance

A: Thermal conductivity of the sample

A: Thermal diffusivity of the sample

p: Laplace variable

ro: Radius of the heating wire

L: Length of the heating wire

@,: Power dissipated in the heating resistor

Iy, 11, Ky, K : Bessel functions

Sensitivity study
Determining the sensitivity of a model's quantity allows us to measure the relative influence of its parameters on
the quantity. The reduced sensitivity consists of scaling the sensitivity by multiplying it by the nominal value of

the parameter so that it can be compared with the reduced sensitivities of other parameters [7]. Thus, the
o . . a . .
reduced sensitivity of temperature with respect to a parameter kiis calculated by k; a—}:. This quantity represents
L
the variation of T (in °C) induced by a relative variation of ki of 100% [8]. The following Figure 5 gives the
reduced temperature sensitivity curve with respect to the different thermal properties for the case of the control

concrete of series 1.
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Figure 5 : Reduced temperature sensitivity curve for different thermal properties S1-0% Typha

Results
When the experimental reference conditions are respected and after iteration with respect to the reference value,
the approximate curve and the asymmetric model curve should lie one above the other. Thus, the experimental
and theoretical thermograms should overlap as shown in Figure 6 :
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Figure 6 : Superposition of the theoretical and experimental thermograms S2 - 60% Typha- Temperature versus
time
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The residual curve in Figure 7 below also gives us an idea of the relevance of the estimated properties. This
curve should oscillate as much as possible on the 0 ordinate axis.
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t(s)
Figure 7 : Residual curve S2-0% Typha
The figure above illustrates the overlap between the theoretical and experimental curves and the residual curve.
The latter, well centered around the horizontal axis of value 0, informs us about the superposition errors and
shows us the squared deviation of these two curves.
A slight oscillation, noticed on the residual curve at the beginning of the experiment, can be explained by the
beginning of the powering up.
This experiment, carried out on the S2-0% sample, can then be validated as the two curves overlap and the
residual curve tends to cancel out for a maximum absolute value approximately equal to 0.5°C.
The results of the measurements of the thermal conductivity of the dry samples of the two series are summarized
in the following le Table 3 :
Table 3: Thermal conductivity measurement

Concrete Concrete Concrete Concrete Concrete Concrete

Thermal
con due:t';?t . Control  dosed  dosed with dosed with dosed with ~dosed with ~ dosed with
W K_ly) concrete  with 10%  20% 30% 40%  50% Typha  60%
o Typha Typha Typha Typha Typha
s1 1.72 1.68 1.63 1.58 15 1.42 1.14
S2 1.79 1.75 171 1.67 1.61 1.57 1.25

The graphical exploitation of these results allows to draw the curves of Figure 8 below:
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Figure 8 : Thermal conductivity of the series SI and S2
Since most of our local constructions are made with 15 cm thick agglomerates, we can better corroborate these
elements, by calculating the thermal resistance for a width of structural elements of 15 cm. Thus, the thermal
resistance curve is shown in Figure 9 below:
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Figure 9 : Thermal resistance of the series SI and S2

Discussions

The results of the experimental measurements showed that the thermal conductivity of the concretes with Typha
Australis decreases progressively with the mass of Typha added compared to the control concretes. This
decrease can be explained by the fact that Typha Australis, which has an average thermal conductivity alone of
0.045 W.m™1 K-! when chopped into small pieces [9], contributes to the decrease of ordinary concretes which
have higher thermal conductivities.

On the other hand, this decrease in thermal conductivity also leads to an improvement in thermal resistance as
shown in Figure 9. The thermal resistance increases by 51% for the S1 series and 43% for the S2 series

compared to the reference concretes.
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It is also noted that the resistance of the S1 is much higher than that of the S2 series. This can be explained by
the presence of a greater quantity of basalt aggregates in the second series. Indeed, it is logical to expect that the
concrete containing the largest amount of aggregates will have the highest thermal conductivity value since the
thermal conductivity of aggregates is the highest of the concrete constituents [10]. Similarly, increasing the
amount of basalt aggregate affects the density. The higher the density, the higher the thermal conductivity of the
mixture [11].

The mechanical study of these Typha concretes allowed us to obtain concretes with a strength class of C20/25 or
C25/30 according to the exposure class of the NF EN 206-1 standard, with the exception of Typha concrete
dosed at 60% of Typha from the S1 series [12]. Thus, they can be used as concretes of a supporting structure
with improved thermal properties.

Conclusion

This work has allowed us to valorize the Typha Australis in ordinary concrete. This invasive grass, available in
large quantities with a relatively low operating cost and ease of implementation, is characterized by a high
porosity. This property, allows to reduce considerably the thermal conductivity of the ordinary concrete so that
they can better associate with the bricks of cement and Typha [13] or of clay and Typha [14]. All this, allows a
reduction of the differences of thermal resistances between the materials used in the construction and to assure
to have low losses of heat by the junctions, with the aim of an energetic efficiency of the buildings.
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