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Abstract: Clay is an environmentally friendly material that is 

widely available throughout Senegal. To reduce the energy 

consumption of buildings and the emission of greenhouse gases, 

clay is often used in construction, and natural insulating 

materials, such as straw, are combined with it to enhance its 

thermal properties. An experimental transient parallel hot-wire 

measurement was employed to investigate the effect of straw 

addition on the thermal properties of the composite material. The 

thermal results showed that adding straw to the clay reduced its 

thermal conductivity by 61%. The clay-straw composite could 

therefore be an alternative to concrete-based materials for 

ensuring thermal comfort in buildings.  
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I. INTRODUCTION

Energy is essential to any nation's economic development.

Awareness of the depletion of energy resources, rising fossil 

fuel prices, and climate change has led to a growing interest 

in controlling energy consumption in general, and building-

related consumption in particular. 

According to international data published in 2016 by the 

International Energy Outlook, the building sector accounts 

for approximately 25% of the world's energy consumption. 

According to Dieye et al [1], Senegal's building sector is the 

primary energy consumer at 54.7%, and accounts for 49% of 

CO2 emissions.  
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To help reduce energy consumption and protect the 

environment by cutting CO2 emissions, building envelope 

insulation is an essential factor. It is against this backdrop that 

researchers have set out to study the energy efficiency of 

buildings using bio-sourced materials. These materials are 

composed of natural fibres and a binder. Their abundant 

availability and renewability make them a suitable choice for 

these materials. Given the availability of clay and its 

widespread use as a local building material by average 

households, several studies have focused on utilising clay as 

a building material. However, to improve the thermal 

properties of clay, several authors have favoured the addition 

of natural fibres to clay materials. 

Ouakarrouch et al [2] studied the impact of adding sisal 

fibres on the thermal properties of clay bricks. In 2017, Dieye 

et al [1] studied the thermomechanical properties of a Typha-

based building material. Niang et al [3] studied the thermal 

and hygroscopic performance of various Typha-clay 

composites. Lamrani et al [4] studied the effect of adding date 

palm fibres, straw fibres and olive waste on the thermal 

properties of pure clay. The thermal behaviour of hollow clay 

bricks made from wastepaper was studied by Sutcu et al. [5]. 

Mounir et al [6] studied a clay-cork composite material. They 

tried to improve the thermal properties of clay by combining 

it with cork. In 2021, Younouss et al [7] studied the thermal 

and mechanical properties of Typha sheet-clay panels. The 

modelling and measurement of the thermal properties of a 

moist porous medium: laterite brick with millet pod was 

carried out by Bal et al [8]. 

This article aims to enhance the thermal properties of raw 

clay by combining it with straw, thereby increasing its 

insulating capabilities and significantly reducing energy 

consumption in buildings. The second part of this manuscript 

addresses sample preparation and composition, as well as the 

experimental method and modelling of asymmetric hot-wire 

measurement. The third part is devoted to results and 

discussion, a conclusion and some perspectives. 

II. MATERIALS AND METHODS

A. Preparation and Composition of Samples

The raw clay used in this manuscript was extracted from

Thicky in the Thiès region. It is ground into a powder by hand 

with a hammer, but it contains a few grains. The straw used 

as an additive to the clay comes from the Tambacounda 

region. It has been dried under the sun for a week, then cut 

and ground into powder, but it  

contains fibbers. 

 The photos in Figure 1 

show the  
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Cut and grind the straw and the powdered clay. 

 
[Fig.1: Natural Appearance of Cut and Shredded Straw 

and Ground Clay Powder] 

For the composition of the samples, we mixed a certain 

mass of clay with several doses of straw by weighing. 

The proportions of straw incorporated into the clay material 

are shown in Table 1. 

Table 1: Specimen Composition in %. 

Designation of Specimens E1 E2 E3 E4 

Proportion of clay (%) 100 97.5 95 92.5 

Proportion of straw (%) 0 2.5 5 7.5 

 

For moulding, we used a wooden mould of dimensions 

10x10x4 cm³.  
Since the materials will be used in a dry state, we did not 

consider the quantity of water used for formulation. After 

demoulding, we obtained the following specimens: 

 

 

[Fig.2: Mould and Clay Specimens Made] 

B. Thermiques Thermal Properties Measurement 

Method 

As it may be difficult in some cases to obtain two samples 

of the same composition and water content, a hot-wire setup 

parallel to a single sample was chosen. The aim is to measure 

the thermal conductivity and volumetric heat capacity of the 

material. The principle consists of inserting a thin heating 

wire between the sample to be characterised and the five-

centimetre-thick polyurethane. A K-type thermocouple 

composed of two thin wires is placed at a small distance d 

from the heating element and bonded to the face of the 

polyurethane in contact with the component. The device is 

completed by another block of polyurethane placed on top of 

the sample. The whole is placed between two aluminium 

blocks of known thickness.  

 

 

 [Fig.3: Experimental Set-up] 

As the thermocouple is in contact with a deformable 

material, its presence does not generate any additional contact 

resistance. Moreover, since polyurethane is an insulator, the 

contact resistance between the heating element and the 

polyurethane can be neglected. 

When a constant flux step is applied to the heating element, 

the temperature change is recorded by the thermocouple [9].   

i. Complete Estimation Method  

The following assumptions are made 

 - Heat transfer is 1D radial at the centre of the device, 

 - The medium is semi-infinite,  

 - Heat transfer is purely conductive, 

 - The temperature is uniform and constant in the system at 

the initial instant. It has been shown that the Laplace 

transform 𝜃(𝑝) of the thermocouple temperature rise is 

written: 

𝑇(𝑡) 

= ℒ−1 {

𝜑𝜔
𝑝𝐿

𝐾𝑜(𝑞𝑑)

𝜌𝑤𝐶𝑤𝜋𝑟𝑤
2𝑝𝐾𝑜(𝑞𝑟𝑤)+2𝜋𝜊𝜆𝑞𝑟𝑤[1+𝜌𝑤𝐶𝑤𝜋𝑟𝑤

2𝑝𝑅𝑐𝐿]𝐾1(𝑞𝑟𝑤)
} 

  

With: 

q = √
𝑝

𝑎
   

Where:  

 𝐼𝑜,𝐼𝑜, 𝐾𝑜 , 𝐾1 They are modified Bessel functions of the first 

and second kind.  

𝜌𝑤𝐶𝑤  Heating wire volumetric heat capacity 

L    Heating wire length  

 𝑟𝑤   Heating wire radius 

d   Distance between heating wire and thermocouple  

𝜆  Sample thermal conductivity 

A sample thermal diffusivity  

𝑅𝑐 Contact thermal resistance  

p    Laplace parameter  

𝜑𝑤         Heat flow in the heating wire  

The inverse Laplace transformation is performed using the 

MATLAB program “invlap” based on De Hoog's algorithm. 

The Matlab program “leasqr”, based on the Levenberg-

Marquart algorithm, is used to estimate the parameter values 

𝜆 and 𝜌𝑐 that minimize the sum: S = ∑ [𝑇𝑒𝑥𝑡(𝑡𝑖) −𝑁
𝑖=1

𝑇𝑚𝑜𝑑(𝑡𝑖)]²   [10]  

III. RESULTS AND DISCUSSIONS 

Our various-shaped materials were characterised using the 

parallel hot-wire method. The results obtained enabled us to 

estimate the values of conductivity and volumetric heat 

capacity. This estimation was carried out using a complete 

model derived from a MATLAB program. The parameter 

estimation results are shown in Table 2. 

Table 2: Measurement Estimation Results 

Straw Content (%) 0 2.5 5 7.5 

oneonehermal conductivity 

(W. 𝑚−1. 𝐾−1) 
0.75 0.62 0.41 0.29 

Volumetric heat capacity 

106(J.𝑚−3.𝐾−1) 
2.954 1.949 0.250 0.05 

A. Analysis of Residues  

The model, experimental 

and residual curves obtained 
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by estimating the parameters of the pure clay sample using 

the complete model from a Matlab The program is shown in 

Fig. 4, providing information on measurement accuracy and 

model validation. 

 

[Fig.5: Model and Experimental Curve and Residuals of 

a Hot Wire]  

We can see that the model and experimental curves overlap. 

These results indicate that the simulated theoretical model is 

in excellent agreement with the experimental curve up to 800 

seconds. The orange curve represents the residual. In this 

curve, we initially note the influence of probe inertia and 

contact resistance. It then remains centred at zero, 

demonstrating the validity of the 1D model at the centre of 

the sample. The results obtained satisfy the criterion of 

minimizing the squared deviation between the experimental 

curve and the theoretical curve. The sensitivity and residual 

curves indicate that the thermophysical properties ρc and λ 

can be accurately estimated using the comprehensive model 

employed. 

B. Analysis of Experimental Results  

i. Volumetric Heat Capacity 

The data in Table 2 can be used to plot the heat capacity 

curve as a function of different straw contents. 

 

 

  [Fig.6: Evolution of the Volumetric Heat Capacity as a 

Function of Straw Content] 

This curve shows that the volumetric thermal capacity of 

our clay-straw composite materials decreases with increasing 

straw content. 

ii. Thermal Conductivity 

The data in Table 2 can also be used to monitor changes in 

conductivity as a function of straw content.  

 

[Fig.7: Experimental Results of Measurements of 

Thermal Conductivity λ as a Function of Straw Content] 

Analysis of the curve shows that thermal conductivity 

decreases with increasing straw content. This decrease is 61% 

for the 7.5% straw content.  

Straw, being a light material, reduces the density of the final 

composite when added to clay.  As a result, the composite 

becomes more insulating. It therefore serves to improve the 

insulation of the building envelope by minimizing heat loss 

in the building. 

IV. CONCLUSION 

The present manuscript aims to contribute to reducing 

energy consumption in the building industry. Thermal 

characterization of clay-straw composites yielded good 

thermal insulation properties. The composites can be used as 

thermal insulation materials for the building envelope, 

offering improved energy efficiency. This would result in 

significant savings for low-income populations. 

However, the material's thermal properties are not the only 

criterion for choosing a construction material; its mechanical 

properties are also an essential parameter for ensuring 

building stability. 

DECLARATION STATEMENT 

After aggregating input from all authors, I must verify the 

accuracy of the following information as the article's author. 

▪ Conflicts of Interest/Competing Interests: Based on my 

understanding, this article does not have any conflicts of 

interest. 

▪ Funding Support: This article has not been funded by 

any organizations or agencies. This independence ensures 

that the research is conducted with objectivity and without 

any external influence. 

▪ Ethical Approval and Consent to Participate: The 

content of this article does not necessitate ethical approval 

or consent to participate with supporting documentation. 

▪ Data Access Statement and Material Availability: The 

adequate resources of this article are publicly accessible.  

▪ Author's Contributions: The authorship of this article is 

contributed equally to all 

participating individuals. 

 

 

https://doi.org/10.35940/ijitee.B1029.14020125
https://doi.org/10.35940/ijitee.B1029.14020125
http://www.ijitee.org/


 

Study of the Thermal Properties of Clay-Straw Composite Material for Thermal Insulation of Buildings 

                                            4 

Published By: 

Blue Eyes Intelligence Engineering 

and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number: 100.1/ijitee.B102914020125 
DOI: 10.35940/ijitee.B1029.14020125 

Journal Website: www.ijitee.org 

 

REFERENCES 

1. Y. Dieye, V. Sambou, M. Faye, A. Thiam, M. Adj, et al., « Thermo-

mechanical characterization of a building material based on Typha 

Australis », Journal of  
Building Engineering, vol. 9, p. 142‑146, Janv. 2017, DOI: 
https://doi.org/10.1016/j.jobe.2016.12.007.    

2. M. Ouakarrouch, K. El Azhary, M. Mansour, N. Laaroussi, et M. 
Garoum, « Thermal study of clay bricks reinforced by sisal-fibres used 

in construction in south of Morocco », Energy Reports, vol. 6, p. 81‑88, 

févr. 2020, DOI: https://doi.org/10.1016/j.egyr.2019.11.045.  
3. Niang et al., « Hygrothermal performance of various Typha–clay 

composite », Journal of Building Physics, vol. 42, no 3, p. 316‑335, Nov. 

2018, DOI: https://doi.org/10.1177/1744259118759677.  
4. M. Lamrani, M. Mansour, N. Laaroussi, et M. Khalfaoui, « Thermal 

study of clay bricks reinforced by three ecological materials in the south 

of Morocco», Energy Procedia, vol. 156, p. 273‑277, Janv. 2019, DOI: 
https://doi.org/10.1016/j.egypro.2018.11.141.  

5. M. Sutcu, J. J. del Coz Díaz, F. P. Álvarez Rabanal, O. Gencel, et S. 

Akkurt, « Thermal performance optimization of hollow clay bricks made 
up of paper waste », Energy and Buildings, vol. 75, p. 96‑108, juin 2014, 

DOI: https://doi.org/10.1016/j.enbuild.2014.02.006. 

6. S. Mounir, A. Khabbazi, A. Khaldoun, Y. Maaloufa, et Y. El Hamdouni, 

« Thermal inertia and thermal properties of the composite material clay–

wool », Sustainable Cities and Society, vol. 19, p. 191‑199, déc. 2015, 

DOI: https://doi.org/10.1016/j.scs.2015.07.018. 
7. Y. Dieye, « Study of thermal and mechanical properties of typha leaf-

clay panels », J Sustain Construct Mater Technol, 2021, DOI: 

https://doi.org/10.14744/jscmt.2021.02.   
8. Harouna Bal, Yves Jannot, Salif Gaye, Frank Demeurie, « Measurement 

and modelisation of the thermal conductivity of a wet composite porous 

medium: Laterite based bricks with millet waste additive », Construction 
and Building Materials, Volume 41, April 2013, Pages 586-593, DOI: 

https://doi.org/10.1016/j.conbuildmat.2012.12.032.  

9. J. Yves et D. Alain, « An improved model for the parallel hot wire: 
application to thermal conductivity measurement of low density 

insulating materials at high temperature », International Journal of 

Thermal Sciences, Volume 142, August 2019, Pages 379-391, DOI: 
https://doi.org/10.1016/j.ijthermalsci.2019.04.026. 

10. Yves Jannot, Alain Degiovanni, Vincent Schick, Johann Meulemans, « 

Apparent thermal conductivity measurement of anisotropic insulating 
materials at high temperature by the parallel hot-wire method », 

International Journal of Thermal Sciences, Volume 160, February 2021, 

106672, DOI: https://doi.org/10.1016/j.ijthermalsci.2020.106672.  

AUTHOR’S PROFILE 

Prof. Oumar DIALLO is a Lecturer, Researcher, Assistant 

Director, and Research local point at the University Institute 
of Technology – University of Thies – Senegal. 
He is a member of the: 

• Laboratory of Materials, Energy, Electricity and Economics – LM3E 

• Association Senegalese Physical Society (SPS). 

He was a lecturer and researcher at the National Institute of Applied Sciences 

Centre Val de Loire (INSA CVL). 

He received his engineering degree in Electrical Science in 2007 at Ecole 
Superieure Polytechnique of Dakar (Senegal), his master’s degree in 

electronic, signal, and microsystem in 2009 at Orleans University (France), 

and his Ph.D. in Physics and Sciences for Engineering in 2013 at the 
University of TOURS (France).  

His research interests included materials characterization, energy, and 

Artificial Intelligence. 
 

Dr. Mory COULIBALY is a Teacher Researcher and Head 

of the Department of Civil Engineering at the University 

Institute of Technology – University of Thiès – Senegal. 

He is a member of: 

• Laboratory of Materials, Energy, Electricity and Economy – LM3E / 

University of Thies – Senegal 

• Association Senegalese Physical Society (SPS). 

He holds a degree in civil engineering, a master’s degree in soil mechanics - 

geotechnical and modelling research, and a PhD in science and technology 
in the field of geotechnical engineering from the Iba Der Thiam University 

in Thiès (Senegal) in 2024. His research areas include the characterisation of 

road materials and the instrumentation of pavements in topography. 
 

Djiby Coulibaly received a Master's degree in Materials 
Science and Engineering from the Faculty of Science and 

Technology at Cheikh Anta Diop University in Dakar—phD 

student in Materials, Energy, and Sustainable Processes at the 
University Iba Der Thiam of Thiès. I am a member of the 

Laboratory of Materials, Energy, Electricity, and Economy (LM3E). I work 

on the valorisation of local construction materials from a sustainable 
development perspective. I also conduct thermal and mechanical 

characterisation of materials to validate their suitability in construction. He 

is a part-time physics teacher at the University Institute of Technology in 
Thies. 

 

Ing. Ahmadou Samba Touré graduated as a civil engineer 

from the École Supérieure Polytechnique of Thiès, Senegal. 

He is a PhD student at ED2DS of Iba Der Thiam University 

of Thies (Senegal). He received a Professional Degree in 

Geotechnics and Mining Engineering at the Institute of Earth 

Sciences at Cheikh Anta Diop University of Dakar (Senegal). He is a Senior 

technician in the Civil Engineering Laboratory at the University Institute of 

Technology of Thiès (Senegal). He is a part-time professor at Iba Der Thiam 

University in Thiès. His research areas include the characterization of road 

materials, geotechnics, mining, and instrumentation of pavements in 

topography. 

 

Professor Harouna Mamadou BAL is a Teacher and 

Researcher at the University Institute of Technology – 

University Iba Der Thiam of Thies in Senegal. He is also a 

teacher-researcher at the Polytechnic Institute of Gaston 

Berger University in Saint-Louis, Senegal. Former head of 

the Tertiary Engineering Department. He is a member of: 

• Laboratory of Materials, Energy, Electricity and Economy – LM3E 

• Association Senegalese Physical Society (SPS). 

He obtained his PhD in Physics in 2011 and his master’s degree in Thermal 

Transfer of Energy Systems in 2004 at the École Supérieure Polytechnique 

of Dakar (SENEGAL). He works on materials characterization and 

sustainable development. 

 

Prof. Salif GAYE, Ph.D. in Physical Sciences, is a 

Distinguished Full Professor. He serves as the Director of 

Innovation, Valorization, Intellectual Property, and 

Technology Transfer at the Ministry of Higher Education, 

Research, and Innovation (MESRI) in Senegal. He also 

leads the Laboratory of Materials, Energy, Electricity, and Economics 

(LM3E) at the University Institute of Technology of Iba Der Thiam 

University at Thies. He coordinates the Central-West branch of the 

Senegalese Physical Society (SPS). He is the Peace Ambassador of the 

Global Peace and Prosperity Initiative (GPPI) for Senegal. GPPI is a peace 

movement based at the United Nations in New York (USA). 

 

 
Disclaimer/Publisher’s Note: The statements, opinions and 

data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of the Blue 

Eyes Intelligence Engineering and Sciences Publication 

(BEIESP)/ journal and/or the editor(s). The Blue Eyes 

Intelligence Engineering and Sciences Publication (BEIESP) 

and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, 

instructions or products referred to in the content. 
 

 

https://doi.org/10.35940/ijitee.B1029.14020125
https://doi.org/10.35940/ijitee.B1029.14020125
http://www.ijitee.org/
https://doi.org/10.1016/j.jobe.2016.12.007
https://doi.org/10.1016/j.egyr.2019.11.045
https://doi.org/10.1177/1744259118759677
https://doi.org/10.1016/j.egypro.2018.11.141
https://doi.org/10.1016/j.enbuild.2014.02.006
https://doi.org/10.1016/j.scs.2015.07.018
https://doi.org/10.14744/jscmt.2021.02
https://doi.org/10.1016/j.conbuildmat.2012.12.032
https://doi.org/10.1016/j.ijthermalsci.2019.04.026
https://doi.org/10.1016/j.ijthermalsci.2020.106672

