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Abstract- The aim of this paper is to present a comparative analysis of the thermal and acoustic insulations of four different 

buildings' envelopes: Single layer clay brick wall (Wall(a)), Single layer concrete brick wall (Wall(b)), double layer hollow 

brick wall with a medium of polystyrene (Wall(c)) and double layer hollow brick wall with a medium of air (Wall(d)), which 

are all modelled by using finite element method (FEM) under different climatic conditions. For the steady state, the summer 

period was chosen on 7th of August 2019 at 2 p.m., while the winter period was opted on 27th of January 2020 at 11 a.m. On 

the other hand, for the unsteady state, the summer period was chosen from August 1st to 7th, 2019 and the winter period from 

January 25th to 31st, 2020. Moreover, the study of noise transmission through these walls was released by placing a linear 

nonmonochromatic source of sound 1m away from the exterior side of each wall and it is emitted sound waves with a velocity 

of 200 m/s with low frequencies, while an acoustical comparative analysis was investigated by analysing the Sound pressure 

Level (SPL) variation under the same thermal conditions as done in the two previous steady states study. The results show that 

the wall (d) is a good thermal and sound insulator compared to the walls (a), (b) and (c) due to the insulation by air gap with a 

thickness of 0.06 m. 

Keywords Thermal insulation, Acoustic insulation, Noise transmission, Sound Pressure Level (SPL) 

 

1. Introduction 

Nowadays, developing the building sector has become a 

very interesting challenge for saving energy, realizing 

building’s comfort, and respecting the safety of our 

environment. Furthermore, the energy savings becomes a 

real defiance because of the quick growth of residential 

buildings and the development of living standards. Thus, the 

good thermal insulation of the building envelope can regulate 

the indoor temperature and reduce the energy consumption. 

Moreover, limiting the inward noise through the buildings’ 

envelope is also needed for realizing simultaneously the 

thermal and acoustical comfort[1], [2]. In addition, the 

thermal comfort and the consumed energy of a building 

depends on its shape, orientation and the thickness of its 

envelope [3, 7].  

In the literature review, many researchers have studied in 

the last few years various measures to enhance the thermal 

insulation efficiency of the buildings’ envelopes [8, 11]. In 

2012, Kou et al [12] has investigated the thermal insulation 

of polymer-air multilayer (PAM), the results show that by 

increasing a 6 mm-thick of 4-layers PAM on the indoor side 

of a glass pane, the energy consumption has reduced by 33% 

which could be a good solution for energy savings. A paper 

presented in 2015 by Arıcı and Kan [13] has shown that 

introducing more air layers in a window is useful for better 

sealing and insulation performances. In 2019, Araúz et al 

[14] have studied the impact of the envelope’s layout in the 

thermal behaviour of buildings in Panama, and based on 

thermal dynamic simulations, the results show that reducing 

the wall-window ratio (WWR) ratio is highly affected the 

indoor conditions, but adding insulator layer doesn’t improve 

it. Lairgi et al.[5] have examined the impact of arid climate 

on the indoor thermal comfort in Errachidia city in Morocco, 

furthermore they have noted that the insulation by air gap 

layer is performant, and it acts as a damper of temperature 
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and heat flux.  However, the acoustic comfort is crucial, 

nowadays the attention is focused on the improvement of the 

noise control efficiency and the provision of the required 

acoustic comfort because of the increase of the 

environmental noise, populations density growth, 

development of industry, transport, and aviation. The living 

environments are affected by noise from neighbours and its 

installation from inside the building plus the outdoor low-

frequency noise also disturb a lot. However, the overall level 

of acoustic comfort in contemporary wooden buildings is 

good enough [15]. The acoustic comfort criterion is strongly 

dependent on the observer positions, building envelope 

design and the facades’ acoustical properties [16]. Azkorra et 

al. [17] proved that green walls present a good acoustic 

insulation, it shows a sound reduction index (Rw) of 15 dB 

and a weighted sound absorption coefficient (α) of 0.40. 

Moreover, Thicker materials comparatively have lower air 

permeability but higher sound absorption properties [18]. 

The non-woven structure has good sound absorption 

properties at the mid and higher frequency range, but low 

sound absorption properties at lower frequencies (100–400 

Hz) [19]. Furthermoe, Marques and Pitarma [20] have 

studied the noise exposure in residential buildings, they have 

proposed a method which is designed to use open-source 

technologies and Wi-Fi communication, this system has been 

tested inside buildings in a continuous form. The results 

show that the mean sound values range from 41,9 dBA and 

46,7 dBA.                                   However, having a simple 

general correlation between thermal resistance and sound 

insulation still quite difficult [21]. In fact, Granzotto et al. 

[22] presented a study on energy and acoustic performances 

of more than 45 different frame windows and their 

correlation. the results show by examining of the 

transmittance Uw, the sound reduction frequency index R 

and the sound reduction index Rw that the correlation 

between thermal and acoustical parameters is not possible. 

Despite this, the correlation will be a good solution for 

realising simultaneously thermal and acoustical comfort.  

     The objective of this study is to investigate the 

correlation between the thermal-acoustic insulations 

properties of four different buildings’ envelopes in Tetouan 

City which is characterized by a Mediterranean climate. 

Those envelopes have been modelled and simulated by using 

finite element method under the same climatic conditions. 

2. Material and Methods 

2.1. Climate Conditions 

 In the north of morocco, Tetouan city is characterised 

by a Mediterranean climate, whereas the summer season is 

short, warm, humid, arid, and mostly clear and the winter 

season is long, cold, and partly cloudy. During the year, the 

temperature generally ranges from 9 °C to 30 °C and is rarely 

below 5 °C or above 34 °C.  

In this study, we have chosen two periods (from 1st to 

7th August 2019 and from 25th to 31st January 2020). The 

climate data conditions were provided by Sania Ramel 

airport station (Fig.1 and Fig.2). Moreover, according to the 

Thermal Regulation of Construction in Morocco RTCM, the 

indoors’ air temperature during the winter period was 18°C 

and it was 25°C during the summer period. 

 

Fig. 1. Hourly measured temperature from August 1st to 7th, 

2019. 

 

Fig. 2. Hourly measured temperature from January 25th to 

31st, 2020. 

2.2. Thermal Model Description 

Figure 3 shows the four buildings envelopes mostly used 

for residential in Tetouan city which are: a single layer of 

hollow clay brick wall (Wall(a)), a single layer of hollow 

concrete brick wall (Wall(b)), double layers of hollow clay 

brick wall with a medium of polystyrene (Wall(c)), and 

double layers of hollow brick wall with a medium of air gap 

(Wall(d)). 

 

Fig.3. The four various buildings envelopes under study. 

 

Table 1 presents the thermo-physical properties of the 

four different buildings’ envelopes under study. 

 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
R. Lagtayi et al., Vol.11, No.3, September, 2021 

 1066 

  

Table 1. Thermo-physical properties of the walls (a), (b), (c) and (d) 

 

 

 

 

 

 

 

 

 

The studied buildings’ envelopes are considered as the 

borders between the indoor and the outdoor environments, 

While, for studying these various thermal insulators, a 

discretization of the domain is required for Finite Element 

Method (FEM) by meshing it to have nodal representation 

geometry and functional representation of each wall layer. 

Furthermore, this method is heavily mesh dependent, while 

refining is needed for a geometrical and mathematical 

reasons, whereas the mesh refinement mainly affects the 

precision of results. Consequently, our simulations are 

performed by using a 3088-elements triangular mesh which 

represents a high precision of our modelisation (Fig.4). 

 

Fig.4. Triangular mesh generation (3088 elements).     

In our thermal model, the heat transfer through the walls 

(a), (b), (c) and (d) is induced by conduction and convection 

as it’s presented in the Figure 5 at below. Moreover, the 

wall’s left side is exposed to the ambient air, while its 

interior temperature Tint is maintained constant. A 

convective heat transfer is occurred between the interior 

facade and ambient air. The wall’s right side is opened to a 

periodic outdoor ambient air temperature Text (Fig.1 and 

Fig.2). Furthermore, a convective and radiative conditions 

are established inside and outside the wall, and it is translated 

by global coefficients hext and hint. 

This study is done under the following boundary 

conditions: 

➢ In case of the double layer walls (b) and (c), the 

thermal contact resistance between the interior 

facades and the insulators is assumed to be perfect. 

 

 

 

Fig.5. Boundary conditions of thermal model 

➢ The variation of thermal and physical properties is 

negligible. 

➢ An adiabatic condition is assumed at the 

horizontal’s sides of the wall. 

➢ Perfect contact between the layers; therefore, the 

interface resistance is Negligible. 

     For the stationary regime, the temperature is 

independent of time and the general governing equation is 

presented as: 

     (1) 

The conductive heat flux is determined by: 

                                                      (2) 

The convective heat is given by: 

                                       (3) 

The term eρCpU.∇T is null due to the absence of 

translational motion in our models plus the heat flux of 

additional heat sources eQ=0 because no additional sources 

have been taken into account. 

     The governing equation (1) during stationary models 

becomes as: 

Building’s 

Envelope 

type 

Wall compositions 

Thicknes

s 

(m) 

K 

(W∕m.k

) 

Cp 

(J∕Kg.k) 

ρ 

(Kg∕m3) 

(a) Dried clay 0.12 0.915 790 720 

(b) Concrete 0.15 2.1 800 2400 

(c) 

Dried clay 0.07 0.915 790 720 

Polysterene (medium) 0.05 0.04 1450 34 

Dried clay 0.07 0.915 790 720 

(d) 

Dried clay 0.07 0.915 790 720 

Air (medium) 0.5 0.023 1004 1.3 

Dried clay 0.07 0.915 790 720 
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              (4) 

For the transitional regime, the temperature is dependent 

of time and the heat transfer equation is defined as: 

                              (5)
 

2.3. Acoustics Model Description 

For the acoustics conditions, a linear nonmonochromatic 

source of sound was placed at 1m far from the exterior side 

of each wall and it is emitted sound waves toward the tested 

borders with an inward velocity of 200 m s and low 

frequencies range between [100Hz – 200Hz]. The speed of 

sound across the building materials is the distance that sound 

waves travel in a given amount of time which is dependent 

on the density of materials and the atmosphere temperature 

conditions. The speed of sound in solids V (Table 2) is 

strongly dependent on their density and it’s determined by: 

               .                     (6) 

where, B is the bulk modulus (Pa) and ρ is the material 

density (kg/m²). 

Figure 6 presents our proposed model for studying 

various acoustic insulators as it is shown at below: 

 

Fig. 6. Acoustic proposed model 

Table 2. Acoustic properties of different solid layers of 

the walls(a), (b), (c) and (d). 

 

The table 2 presents the acoustical properties of the four 

buildings’ envelopes which are mostly built as exterior 

buildings’ walls in Tetouan region. 

Table 3 presents the speed of sound of air C which is 

depending on the outside and inside atmosphere 

temperatures, and it’s determined by: 

                    C=313+(0.6×T).                 (7) 

Where T is the temperature in °C. 

Table 3. Speed of sound through the air-gap under 

different thermal conditions. 

Air-gap Temperature in 

°C 

Speed of sound C 

(m s) 

1st case 37 353.2 

2nd case 32.85 350.71 

3th case 26 346 

4th case 18 341.8 

5th case 13.3 338.98 

6th case 11 337.6 

 

The variations of the Sound Pressure Level (dB) through 

the walls (a), (b), (c) and (d) are determined by: 

                                    (8) 

where, P is the sound pressure (Pa) and Pref is the 

reference pressure. 

(Pref = 20. 10-6 Pa) 

3. 3. Results and Discussions 

3.1. Thermal Study 

3.1.1. Stationary Regime 

The following figures present the temperature’s 

variations through the walls (a), (b), (c) and (d) of different 

thicknesses on the 7th of August 2019 at 2 p.m. (Fig.7) and 

on the 27th of January 2020 at 11 a.m. (Fig.8).  We note that 

the wall (d) shows a good thermal resistance compared to the 

other studied walls. In fact, the temperature reduced from 

34.80°C in the outside  to 23.45°C inside in the summer 

period (Fig.7), and it kept warm inside in the winter (Fig.8) 

with 15.85°C despite 8.85°C in the outside due to the 

insulation by air gap with a thickness of  0.06 m, which 

reveals a good capacity of air gap to block heat dissipation 

during summer and conserve the inside warm during the 

winter season, furthermore, this result is similar to others 

found by researchers [5], [23]. 

Building 

Envelope type 

Bulk Modulus 

(Pa) 

Speed of sound 

V (m∕s) 

(a) 9.33×109 3600 

(b) 2.45×1010 3200 

(c) 

9.33×109 3600 

4.26×107 1120 

9.33×109 3600 

(d) 

9.33×109 3600 

(Table 2) (Table 2) 

9.33×109 3600 
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Fig.7. Temperature changes in terms of the walls’ (a), 

(b), (c) and (d) thicknesses on the 7th of August 2019 at 2 

p.m. 

 

Fig. 8. Temperature changes in terms of the walls’ (a), 

(b), (c) and (d) thicknesses on the 27th of January 2020 at 11 

a.m. 

3.1.2. Transitional Regime 

3.1.2.1. Summer Period 

Figures 9, 10, 11 and 12 present the heat transfer 

changes at the different sides of the walls (a), (b), (c) and (d) 

during a summer week from 1st to 7th August 2019 in 

Tetouan city. 

In the figures 9 and 10, we note that the temperature’s 

changes at the internal and at the external sides of the wall 

waves in the same manner with different values. Indeed, the 

exterior sides of the walls (a) and (b) reaches successively a 

maximum temperature of 34.85°C and 33.55°C, while their 

interior sides reach successively a maximum temperature of 

29.85°C and 29,35°C. Those values show that the heat 

transfer through the walls (a) is reduced by 14.3% while for 

the wall (b) is reduced by 12.5%. Which divulge that the 

thermal inertia of the single layer of hollow concrete brick 

wall is significant compared to the single layer of hollow 

clay brick one due to its capacity to store heat during the day 

and restore it at night. 

Figures 11 and 12 show that at the exterior layers of 

walls (d) and (c), the temperature reaches approximatively 

the same maximum measure of 35,80°C. However, at their 

interior layers, the temperature has decreased, and it 

periodically changes between 20.05°C and 27.85°C for the 

wall (c), which leads to a heat block with a rate of 22.21% 

due to the thermal insulation by polystyrene. And it varies 

between 19.85°C and 26.65°C for the wall (d) due to the 

thermal insulation by air gap between the inner and the outer 

layers, which disclose that the air gap prevents the heat to 

penetrate towards the inside. 

These results confirmed that the thermal insulation with 

an air gap of 6 cm, still a good choice for buildings’ 

envelopes in Tetouan’s climate compared to the other walls 

under study, plus it helps to reduce materials’ costs. These 

results have been validated by other researchers [23], [24]. 

 

Fig. 9. Temperature changes between the inner and the 

outer facades of the wall(a). 

 

Fig. 10. Temperature changes between the inner and the 

outer facades of the wall (b). 
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Fig. 11. Temperature changes between the inner and the 

outer facades of the wall (c). 

 

 

Fig. 12. Temperature changes between the inner and the 

outer facades of the wall (d). 

Figures 13, 14, 15 and 16 present successively the 

conductive heat flux variation through the walls (a), (b), (c) 

and (d) at four times per day, 8a.m., 13 p.m., 20 p.m. and 00: 

00 a.m.  

We observe that the heat flux through the wall (b) 

reaches the maximum value of 30W/m² on its exterior side at 

13 p.m. then it starts decreasing linearly from the outside 

facade towards the interior facade, because of its biggest 

thermal inertia compared to the other studied walls, which 

gives it the capacity to store and restore heat between the 

indoor and the outdoor environments. However, its thermal 

resistance is the lowest one in comparison with the other 

walls. Furthermore, the heat flux’s variations through the 

walls (c) and (d) during the different daily studied moments 

(8a.m., 13p.m., 20 p.m. and 00:00 a.m.) still reaching the 

minimum heat flux values at the walls’ external facade which 

vary at a range of 4.8 W/m² for the wall (c) and 4.9 W/m² for 

the wall (d) and it decreased very slightly between 5 W/m² 

and 0.1 W/m². These results prove that their thermal 

resistance efficiency is approximatively similar, and they 

have a good ability to reduce and block the heat flux trough. 

However, the thermal insulation by air gap is still the best 

choice in comparison with the rest of the studied buildings 

envelops for retaining cooling during summer with a less 

materials and energy consumption. 

 

Fig. 13. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 8 a.m. in terms of the walls’ thicknesses. 

 

 

Fig. 14. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 13p.m in terms of the walls’ thicknesses. 

 

Fig. 15.  Conductive heat flux through the walls 

(a),(b),(c) and (d) at 20 p.m in terms of the walls’ 

thicknesses. 
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Fig. 16. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 00:00 a.m. in terms of the walls’ thicknesses. 

 

3.1.2.2. Winter Period 

Figures 17, 18, 19 and 20 present the heat transfer 

variations at the different facades of the walls (a), (b), (c) and 

(d) for a winter week between the 25th and 31st January 

2020. 

The results show that the temperature at the outer facade 

of the wall (a) reaches a minimum of 8.65°C, while the 

temperature at its inner facade achieves a minimum of 

13.75°C. Which reveals that the wall (a) blocks heat to exit 

towards the outside with a rate of 37.1%. While, for the wall 

(b) the minimums of temperatures at its outer facade and at 

its inner facade reaches respectively 10.35°C and 13.35°C. 

Which leads to a heat conservation inside the building of 

22.42%. Although this, we observe that the temperature at 

the inner facades of the walls (a) and (b) is highly affected in 

parallel with the outside temperature atmosphere changes 

because of the absence of the thermal insulation and their 

weak thermal resistance. 

Moreover, the temperature at the exterior layer of the 

wall (c) (Fig.19) changes between a minimum of 4.85°C and 

a maximum temperature of 19.45°C, while at the interior 

layer it varies between a minimum of 14.85°C and a 

maximum of 17.85°C (Fig.20), which shown that insulation 

by polystyrene prevent heat to exit across the outside with a 

rate of 67.35%. Whereas, for the wall (d) the temperature at 

its exterior layer waves between a minimum of 4.65°C and a 

maximum of 20.75°C, while at its interior layer it changes 

between a minimum of 15.75°C and a maximum of 17.85°C, 

which proved that the air gap insulator is highly 

recommended in winter due to its capacity to keep inside 

warmer with a rate of 70.48%. 

These results prove that insulation by air gap has given a 

good capacity to the wall (d) to reduce and block heat 

transfer during the winter season, which confirmed that the 

thermal insulation by air gap with a thickness of 6 cm is 

good enough compared to the insulation by polystyrene. 

These results have previously been highlighted by other 

recent research [5], [24] . 

 

 

Fig. 17. Temperature changes between the inside and the 

outside facades of the wall (a). 

 

 

Fig. 18. Temperature changes between the inside and the 

outside facades of the wall (b). 

 

Fig. 19. Temperature changes between the inside and the 

outside facades of the wall (c). 
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Fig. 20. Temperature changes between   the inside and 

the outside facades of the wall (d). 

The figures 21, 22, 23 and 24 show the heat flux changes 

through the walls (a), (b), (c) and (d) during a winter week 

(from 25th January to 31st, 2020) at four times per day, 

8a.m., 13 p.m., 20 p.m. and 00: 00 a.m. 

We observe that the heat flux through the walls (a) and 

(b) is higher compared to that shown across the walls (c) and 

(d) at the daily four times studied. And it is almost constant 

for the two walls (c) and (d) due to the insulation’s layer. 

Whereas the heat flux through the wall (d) is the lowest with 

a value of 1.5 W/m² in comparison with the other walls under 

study. It has shown a good capacity to reduce heat flux 

through it due to the insulation by air gap with a thickness of 

6 cm. 

 

 
Fig. 20. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 8 a.m in terms of the walls’ thicknesses 

 

 

Fig. 21. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 13p.m in terms of the walls’ thicknesses. 

 

 

Fig. 23. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 20 p.m. in terms of the walls’ thicknesses. 

 

Fig. 24. Conductive heat flux through the walls (a), (b), 

(c) and (d) at 00:00 a.m. in terms of the walls’ thicknesses. 

3.2. Acoustic Study 

The figure 25 presents the acoustical radiations of sound 

pressure transmission across the walls (a), (b), (c) and (d) 

between the room 1 and 2 (Fig.6). 
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Fig. 25. Acoustic radiations' pressure through the walls 

(a), (b), (c) and (d). 

The figures 26 and 27 present the variation of the sound 

pressure level when the sound waves cross the walls (a), (b), 

(c) and (d) during summer and winter seasons. We can note 

that before the sound waves arrive to the borders, the sound 

pressure level reaches a maximum of 98 dB but when the 

sound waves cross borders (walls (a) or (b) or (c) or (d)) the 

sound pressure level decreases quickly and reaches different 

values which are dependent on each wall’s acoustical 

properties. 

In the summer season (Fig.26), the sound pressure level 

is reduced by 20.4% for the wall (a), 21.4% for the wall (c), 

31.6% for the wall (b) and 36.7% for the wall (d). While in 

the winter season (Fig.27) the sound pressure level is 

reduced by 25.5% for the wall (a), 27.6% for the wall (c), 

38.8% for the wall (b) and 67.3% for the wall (d). Which 

reveals that the wall (d) presents the highest rate of sound 

attenuation for the two periods compared to other walls 

under study. The walls (a) and (c) are characterized by the 

lowest rate of sound pressure attenuation in comparison with 

the other walls, because the wall (a) is thin compared to other 

walls and the wall (c) isn’t homogenous compared to the 

walls (b) and (d). In addition to that, the rate of sound 

pressure level attenuation of the wall (c) during summer (Fig. 
8) is less than that shown during winter season (Fig. 9) which 

means that temperature has also an impact on the 

soundproofing performances. 
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Fig. 26. Sound pressure Level variation across different 

acoustical insulators (walls a, b, c and d) during summer 

season. 

 

Fig. 27. Sound pressure Level variation across different 

acoustical insulators (walls a, b, c and d) during winter 

season. 

4. Conclusion 

In this paper, we have presented a comparative study of 

the thermal and acoustical insulations of four different 

buildings' envelopes: Single layer clay brick wall (Wall(a)), 

Single layer concrete brick wall (Wall(b)), double layer 

hollow brick wall with a medium of polystyrene (Wall(c)) 

and double layer hollow brick wall with a medium of air 

(Wall(d)). The obtained results show that the walls (a) and 

(b) are characterized by a weak thermal resistance compared 

to the other walls (c) and (d), due to the absence of the 

thermal insulation. However, the rate of sound attenuation of 

the wall (b) still better than that shown by the walls (a) and 

(c). Whereas, the wall (d) is an efficient thermal-acoustic 

insulator compared to the walls (a), (b) and (c) due to its 

insulation by air gap with a thickness of 0.06m. Based on 

these results, we deduce that despite the adequate thermal 

resistance of certain buildings’ envelopes, their acoustic 

insulation performances could be very weak, which could 

negatively influence the acoustical comfort of inhabitants. 

Finally, the correlation between thermal and acoustical 

insulation properties still quite difficult but researching for 

special correlated models for homogenous and thicker walls 

of similar structure is possible. 
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