
Advances in Materials 

2025, Vol. 14, No. 2, pp. 36-45 

https://doi.org/10.11648/j.am.20251402.11  

 

 

*Corresponding author:  

Received: 18 March 2025; Accepted: 2 April 2025; Published: 29 April 2025 

 

Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

 

Research Article 

Thermomechanical Characterization and Numerical 

Modeling of Thermal Transfer of Plaster-based Insulating 

Composite Materials with Gradual Typha Contents 

El Hadji Abdoul Aziz Cisse* , Papa Touty Traore , Seydou Faye, Moussa Dieng,  

Mor Ndiaye, Issa Diagne 

Department of Physics, Semiconductor Laboratory, Cheikh Anta Diop University of Dakar, Dakar, Senegal 

 

Abstract 

The building and construction sectors are responsible for 39% of global greenhouse gas emissions, but they are among the largest 

consumers of energy. If all indicators show that demand would be exponential in the future. Decarbonization and reduction of 

energy consumption in buildings are urgent for environmental preservation and resilience to extreme temperature increases. This 

article aims to present environmentally friendly bio-sourced insulation as a more sustainable circular economy strategy. 

However, we present the results of thermal and mechanical characterization of plaster samples with the addition of typha fibers in 

different proportions. Thus, after having carried out the mechanical traction and compression tests by the press, a thermophysical 

characterization by the asymmetric hot plane method allowed us to have the conductivity and thermal effusivity of the different 

samples of plaster binder with 0%, 5%, 10%, 15% and 20% in typha. With these data, we modeled the heat transfer phenomena in 

a flat wall based on plaster-typha. A numerical resolution of the heat equation by the finite difference method is applied to this 

model along one dimension. After simulating the calculation code, the results obtained made it possible to know the evolution of 

the temperature as a function of time and the depth of the wall. In addition, the influence of the exchange coefficients was 

highlighted on both sides, in order to know the optimal thermal insulation thickness of each sample. 
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1. Introduction 

Energy is, like food and water, an essential source for human-

ity. Today, global electricity consumption linked to the use of 

buildings represents nearly 55% of global electricity consump-

tion [1]. This consumption could increase significantly in the 

future. The cause of this increase is due to demographics, gross 

domestic product (GDP) and the temperatures looming on the 

horizon. As part of decarbonization, the building and construc-

tion sector is increasingly adopting bio-sourced insulation from 

renewable and environmentally friendly resources [2-4]. Thus, 

thermal comfort drastically reduces energy demand, but with the 

use of bio-sourced materials which is a lever for the decarboni-

zation of the built sector [5-7]. Those who are pushing many 
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researchers are turning their research towards the valorization of 

our plant biomasses with the aim of isolating at low cost while 

preserving the environment [8-10]. We can note several studies 

carried out in this area: kapok plaster and plaster fiber [11], 

kapok, coconut, peanut shell fiber and rattan [12], typha clay [13], 

lime recovered in cement and typha concretes [14]. Through 

these numerous studies carried out on bio-sourced materials, to 

my knowledge, we have not yet seen a complete study on typha. 

That is to say from thermo-mechanical characterization to de-

terminations of the optimal thermal insulation thickness of each 

test sample. In addition, typha is very present in many sites in 

Senegal [15]. This is why we see the originality of this work 

which is the subject of this research. To do this work better, we 

will structure it in three parts. In the first part, we will present the 

experimental process and the thermomechanical characterization. 

Second and third, we will respectively have the numerical mod-

eling, the results and the discussions. 

2. Experimental Process and 

Thermechanical Characterization 

2.1. Experimental Process 

In Senegal, Typha occurs in many sites: in the river valley, at 

Lake Guiers, in the Dakar techno-pole, etc. Figure 1 represents a 

photo of Typha in an aquatic environment. The molds used and the 

Typha grinding were developed in our previous work [15]. The 

drying time is 3 months in the shade of the laboratory with a 

temperature varying between 20 and 30°C. And the presence of 

water in these samples was determined by the ratio be-

low.me=0,6× mp with mP=mass of plaster me= mass of water. 

 
                        (a)                         (b) 

Figure 1. Typha aquatic environment (a), dried typha (b). 

Samples for thermal and mechanical testing are in Figure 2 

below. 

 
                      (a)                   (b) 

Figure 2. Thermal (a) and mechanical (b) samples. 

2.2. Thermomechanical Characterization 

Thermomechanical characterization (thermal and me-

chanical) allows us to know the thermophysical and me-

chanical properties of materials before their use. The thermal 

characterization procedures using the asymmetric hot plane 

method and press mechanics were presented in our previous 

work [15]. 

3. Digital Modeling 

3.1. Physical Model 

This figure below represents a flat wall based on plas-

ter-typha with its following simplifying assumptions: 

1) Heat flow is unidirectional (following ox) 

2) The thermal conductivities of materials are constants 

(λ=constant) 

3) Thermal diffusivities are constants (α=constant) 

4) TF1: front panel temperature = 300 K 

5) TF2: rear surface temperature = 290 K 

6) Ti: material temperature = 293 K 

 
Figure 3. Flat wall based on plaster-typha thermal insulation 

material. 

3.2. Mathematics Model 

Below is the heat equation, which will be applied in the 

physical model of different plaster binder composites with 

gradual typha contents of 5%, 10%, 15% and 20%. 

 2

2

, 1 ( , )
0

T x t T x t

tx 

 
 


           (1) 
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C





                  (2) 

Equation (2) reflects the thermal diffusivity of each case of 

assumed uniform material. 
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{

λ = thermal conductivity
ρ = density

C = specific heat
 

Equations (3) and (4) translate the conservation of the heat 

flow at the surface of the material of each case and their 

boundary conditions and equation (5) their initial condition. 

1 1

( , )
( (0, ) )f

T x t
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t
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We discretize the space into M nodes (figure 1a) and the 

time into N nodes (figure 1b). 

The step of space x  in the direction (ox) and that of time 

t . The steps are constant. 
j

iT  est la température au nœud i 

à la date j. 

( 1)iX i x                    (6) 

( 1)jt j t                    (7) 

The index i identifies the variable x and the index j identi-

fies the variable t. We make the following considerations: 

dT t                     (8) 

dx x                     (9) 
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Taking into account equations (8), (9), (10) and (11), the 

different parts of equation (1) are given by equations (12) and 

(13). 
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Taking into account equations (12) and (13), equation (1) of 

heat is translated by equation (14). 

1
1 1(1 2 )
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The expression for P, corresponding to the Fourier number, 

is given by relation (15) and relation (16) is. 

The stability condition of the algorithm. 
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4. Numerical Solving 

The application of the finite difference method is repre-

sented in figure 4 by a mesh of the material. 

 
Figure 4. Material mesh. 

To discretize the boundary conditions, we add two fictitious 

nodes: i=0 and i=M+1. At point i=1, we consider the fictitious 

node i=0 and at point i=M, we consider the fictitious node 

M+1. Boundary conditions (3) and (4) become (17) and (18), 

equation (19) defines the initial condition for each case. 
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Equations (17) and (18) give equations (20) and (21) re-

spectively. 
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1
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With the fictitious nodes i=0 and i=M+1, equation (14) 

allows us to obtain equations (22) and (23): 

1
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By replacing in equations (22) and (23) respectively the 

expressions of (equation 20) and (equation 21), we obtain 

expressions (24) and (25). 
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1h et 2h  are constants hence the boundary conditions at 

point i=1 and i=M taking into account the parameters  , A, 

B, C et D. 
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The expressions for the temperature and the flux density are 

given respectively by relations (33) and (34) considering the 

given boundary and initial conditions (equations 30, 31 and 

32). 
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with 1 1i M    et 1 j N   

The numerical resolution of the equations was done by a 

finite difference method. The following will present these 

results, followed by discussions. 

5. Results and Discussions 

5.1. Results and Discussions of 

Thermomechanical Characterization 

5.1.1. Thermal Characterization Results and 

Discussions 

The tables below represent the thermophysical and me-

chanical results from the asymmetric hot plane method and 

the mechanical press test. The thermophysical characteriza-

tion results are presented in the Table 1. 

Table 1. Thermal characterization results. 

Sample Typha plaster (0%, 5%, 

10%, 15% et 20%) 
E0 E5 E10 E15 E20 

Mass of dry samples in g 274,67 224,29 183,59 135,33 131,9 

Thermal conductivity in W/m.K 0,6795 0,1743 0,1554 0,1378 0,0652 

Thermal effusivity in J/.𝑚2.K.𝑠1/2 1022,4 560,9213 486,3481 447,8512 276,132 

Thermal diffusivity 4,4171 10−7 9,65586 10−8 1,02096 10−7 9,4674 10−8 5,57522 10−8 

Density kg/𝑚3 1373,35 1121,45 917,95 676,65 659,5 
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Table 1 shows the results of the thermal characterization, while Table 2 shows the results of the mechanical characterization. 

5.1.2. Results and Discussions of Mechanical Characterization 

Table 2 shows the results obtained by mechanical testing. 

Table 2. Mechanical test results. 

Mass Typha Plaster percentage E0 E5 E10 E15 E20 

Traction 
Force en KN 1,855 1,845 1,466 1,126 0,632 

Pressure in MPa 0,412 0,410 0,326 0,250 0,141 

Compression 

C1 
Force en KN 17,372 8,836 7,556 6,991 3,152 

Pressure in MPa 0,772 0,393 0,336 0,311 0,140 

C2 
Force in KN 17,749 10,282 7,891 6,912 3,965 

Pressure in MPa 0,789 0,457 0,339 0,307 0,176 

𝐶𝑚𝑜𝑦𝑒𝑛𝑛𝑒  
Force en KN 17,5605 9,559 7,7235 6,9515 3,5585 

Pression en MPa 0,7805 0,425 0,3375 0,309 0,158 

Masse in Kg 320,05 279,30 257,15 198,97 135 

Density Kg/𝑚3 1250,195 1091,016 1004,492 777,226 527,344 

 

Tables 1 and 2 show the thermophysical and mechanical 

results. We found that as the mass percentage of typha in-

creases in the matrices, the thermophysical and mechanical 

properties decrease. In the case of thermophysical properties, 

the decrease can be explained by the porous aspect of typha. 

That is, the progressive presence of typha in the matrices 

increases the volume of the pores. These result in a decrease in 

thermal conductivity, thermal effusivity, thermal diffusivity 

and density. As for mechanical properties, porosity weakens 

the intermolecular bonds of the matrices due to the increasing 

presence of typha in the sample, thus explaining this decrease 

in traction and compression. The results obtained are com-

pared with others found in the literature: we found that the 

addition of plant fibers decreases the thermophysical and 

mechanical properties [16-21]. 

We used these thermophysical results to write the compu-

tational codes for the numerical resolution. Therefore, we will 

present the results and discussions below. 

5.2. Numerical Modeling Results and 

Discussions 

5.2.1. Evolution of Temperature as a Function of 

Depth 

Figure 5 below shows the temperature evolution as a func-

tion of the depth of the material. 

 

Figure 5. Temperature versus depth with h1= 30 W.m
-2

.K
-1

 and 

h2=10 W.m
-2

.K
-1

; x=0,02 m. 

In Figure 5, we observe three temperature progressions in 

the material. Both are identical on the profile side and the rest 

is linear. For the first phase, the decreasing temperature can be 

explained by a heat retention of the front face, but arriving at a 

certain thickness: 0.5 cm, 0.45 cm and 0.32 cm for typha 

contents of 5%, 10% to 15% and 20% respectively. We 

reached the linear phase of the different samples for their 

minimum thermal insulation thicknesses listed above. For the 
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thickness closer to the back face, we observe the opposite 

phenomenon; this can be explained by a temperature differ-

ence that exists between the two faces. In addition, the fiber 

content in the matrix influences the dimensions of the thermal 

insulation thickness. In summary, for a temperature variation 

of 10°C in samples of 5%, 10% to 15% and 20% in typha. The 

minimum insulation thicknesses are respectively 1 cm, 0.9 cm 

and 0.64 cm with values of the exchange coefficient of the 

front face (h1 =30 W.m
-2

.K
-1

) and rear (h2 =10 W.m
-2

.K
-1

). 

Figure 5 illustrated the temperature variation as a function 

of depth for different gypsum binder composites with typha 

contents. Figures 6, 7, 8 and 9 study the influence of the front 

panel's heat exchange coefficient on the thickness of the 

thermal insulation. 

5.2.2. Evolution of Temperature as a Function of 

Depth Under the Influence of the Exchange 

Coefficient of the Front Face h1 

 
Figure 6. Temperature versus depth of the composite sample of 

plaster and 5% typha with the influence of the exchange coefficient 

h1 and h2=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 7. Temperature versus depth of the composite sample of 

plaster and 10% typha with the influence of the exchange coefficient 

h1 and h2=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 8. Temperature versus depth of the composite sample of 

plaster and 15% typha with the influence of the exchange coefficient 

h1 and h2=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 9. Temperature versus depth of the composite sample of 

plaster and 15% typha with the influence of the exchange coefficient 

h1 and h2=10 W.m-2.K-1; x= 0,02 m. 

Figures 6, 7, 8 and 9 show the temperature profile as a 

function of depth, under the influence of the exchange coef-

ficient of the front face of composites with gradual typha 

contents. 

These curves show the temperature evolution as a function 

of depth under the influence of the front face heat exchange 

coefficient of different gypsum binder composites with Typha 

contents. For these different values of the front face heat 

exchange coefficient, the temperature profiles are the same for 

these varying Typha proportions (5%, 10%, 15%, and 20%). 

However, we found that, for different Typha proportions, 

these heat exchange coefficient values have a slight influence 

on the thermal insulation thickness. However, those with the 

highest coefficient reach the minimum thermal insulation 

thickness first. In summary, these values (15, 20, 25, and 30 

W.m
-2

.K
-1

) of the front face heat exchange coefficient do not 

have a significant influence on the thermal insulation thick-

ness. 
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Figures 6, 7, 8 and 9 show how the heat exchange coeffi-

cient of the front face influences temperature variation as a 

function of depth for these composite materials. Figures 10, 

11, 12 and 13 will show the impact of the back face heat 

exchange coefficient on temperature variation as a function of 

depth for the different samples. 

5.2.3. Evolution of Temperature as a Function of 

Depth Under the Influence of the Exchange 

Coefficient of the Front Face h2 

Figures 10, 11, 12 and 13 below illustrate the evolution of 

temperature as a function of depth under the influence of the 

exchange coefficient of the back face in different composite 

samples of plaster and typha. 

Figures 10, 11, 12 and 13 show the evolution of tempera-

ture as a function of depth under the influence of the heat 

exchange coefficient of the back face in different gyp-

sum-bonded composites with different typha contents. For the 

different values of the heat exchange coefficient of the back 

face, the temperature profiles are the same in these different 

figures with varying Typha proportions (5%, 10%, 15% and 

20%). However, we found that, for different Typha propor-

tions, these values of the heat exchange coefficient have no 

influence on the thermal insulation thickness. This can be 

explained by the fact that the back face is not exposed to the 

greatest heat. In short, for these different values of the heat 

exchange coefficient of the back face (15, 20, 25 and 30 

W.m
-2.

K
-1

), thermal insulation thickness remains constant. 

Figures 10, 11, 12 and 13 show the evolution of tempera-

ture as a function of depth for plaster-based composite ma-

trices with gradual typha content under the influence of the 

backside exchange coefficient. Figures 14, 15, 16 and 17 

show temperature variation as a function of time for these 

different composites, highlighting these different values 

(2.022, 4.044, 6.066 and 8.088) of excitation depth. 

 
Figure 10. Temperature versus depth of the composite sample of 

plaster and 5% typha with the influence of the exchange coefficient 

h2 and h1=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 11. Temperature versus depth of the composite sample of 

plaster and 10% typha with the influence of the exchange coefficient 

h2 and h1=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 12. Temperature versus depth of the composite sample of 

plaster and 15% typha with the influence of the exchange coefficient 

h2 and h1=10 W.m-2.K-1; x= 0,02 m. 

 
Figure 13. Temperature versus depth of the composite sample of 

plaster and 15% typha with the influence of the exchange coefficient 

h2 and h1=10 W.m-2.K-1; x= 0,02 m. 
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5.2.4. Evolution of Temperature as a Function of 

Time 

Figures 14, 15, 16 and 17 below show the temperature profile 

as a function of time, highlighting the depth of excitation. 

Figures 14, 15, 16 and 17 show temperature vs. time curves 

under the influence of excitation depth, with fixed values of 

the front and rear face exchange coefficients. For these dif-

ferent proportions of typha, we observed the same curves for 

these different values of the excitation depth. However, for 

small depth excitations, the material heats up faster than with 

those of great depths. For times t = 150 s and more, we 

reached the quasi-static regime for these different exciter 

depths. This can be explained by the fact that the material 

heats up before storing heat for the remainder of the excitation. 

In other words, materials with very small thicknesses are very 

sensitive to heat. 

 
Figure 14. Temperature versus time for plaster composite and 5% 

typha. 

 
Figure 15. Temperature versus time for plaster composite and 10% 

typha. 

 
Figure 16. Temperature versus time for plaster composite and 15% 

typha. 

 
Figure 17. Temperature versus time for plaster composite and 20% 

typha. 

Browsing work done by other researchers, the temperature 

increase as a function of time shows that the material heats up 

over time [22, 23]. This results in thermal energy storage. 

Figures 14, 15, 16 and 17 show the temperature evolution over 

time of plaster binder composites with typha contents, under 

the influence of excitation depth. The following will summa-

rize the course of the article. 

6. Conclusion 

The thermomechanical characterization and numerical 

modeling of heat transfer of plaster-based insulating compo-

site materials with gradual typha contents yielded the fol-

lowing results: 

First, the thermophysical and mechanical properties de-

crease as the mass percentage of typha in the sample increases. 

These thermophysical results, used for numerical modeling, 

yielded thermal insulation thicknesses of 1 cm, 0.9 cm, and 

0.64 cm with typha contents of 5%, 10% to 15%, and 20%, 
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respectively, in these plaster binder composite matrices for a 

temperature varying by approximately 10°C. Then, for a 

variation in the heat transfer coefficient values of the front 

face at 15, 20, 25, and 30 with that of the rear face constant. 

The impact is not very significant on the thermal insulation 

thickness, but the largest value first reaches the minimum 

thermal insulation thickness. For these different values of the 

exchange coefficient of the back face, the insulation thickness 

remains constant with a fixed value on the front face. Finally, 

for these different values (2.022, 4.044, 6.066 and 8.088 cm) 

of the excitation depth, the rates are the same. Materials with 

small thicknesses heat up faster compared to large depths. In 

other words, materials heat up as a function of time. before 

reaching their quasi-static regimes from t=150 s and beyond. 

In the future, we plan to study the humidity of materials 

before implementing them in the construction sector. 
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