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The thermal performance of masonry walls plays a critical role in maintaining indoor 
comfort and minimizing energy consumption. However, in many developing 
countries, construction practices often overlook the importance of thermal 
insulation and mass, leading to inefficient energy use in buildings. This study 
investigates the effect of cement plaster thickness and insulation materials on the 
thermal properties of masonry walls constructed from clay bricks. The primary 
objective is to assess how varying plaster thickness and the inclusion of insulation 
materials impact thermal conductivity and heat transfer. Two methods were 
employed for data collection: the use of thermocouples to measure spot 
temperature differences and a thermal imaging camera to create surface 
temperature maps. The findings reveal that thicker cement plaster and insulation 
materials, particularly polystyrene boards, enhance the wall's thermal resistance, 
reducing heat transfer. Specifically, a 20mm polystyrene board reduced heat 
transmission by up to 51.7%. These results underscore the importance of integrating 
effective insulation materials in building design to promote energy efficiency and 
improve thermal comfort. Further research into innovative insulation solutions is 
recommended to optimize performance and cost-effectiveness. 

Keywords: 
Insulation material; clay brick; thermal 
performance; masonry wall 

 
1. Introduction 
 

Clay bricks are known for providing superior insulation compared to other building materials, 
making bricks the ideal and most energy-efficient choice for construction [1]. However, in many 
developing countries, there is a limited consideration of thermal insulation and thermal mass in 
construction practices [2,3]. It is essential to extend the focus on energy conservation and efficiency 
to the construction industry [4]. Thermal insulation of masonry walls is crucial, as it helps maintain a 
consistent and comfortable indoor temperature [5]. A well-insulated masonry wall can minimize 
unwanted heat loss or gain, thus reducing the energy requirements of heating and cooling systems 
[6,7]. Therefore, achieving thermal comfort and energy efficiency is a paramount consideration in 
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masonry wall design. Designers must actively promote the concept of low-energy building 
construction by adopting energy-efficient construction materials [8], particularly for walls. 

Srimuang et al., [9] conducted a study on innovative hybrid sandwich insulated panels to enhance 
the thermal comfort of four case study houses in Thailand. Their research revealed that these 
innovative panels significantly improved thermal performance. In recent years, there has been 
increased interest in building insulation to address energy consumption concerns. Brick, as a 
construction material, remains a prominent choice for wall components [10-12]. While previous 
research has examined the thermal performance of various brick types and wall configurations, there 
is still a need for more information regarding masonry walls and their response to external factors 
[10-12]. Although cement plaster provides some level of thermal insulation, it is not as effective as 
clay bricks, and its thermal properties are influenced by thickness. Furthermore, questions arise 
about the extent of insulation achievable with plaster, even when using insulation materials. 

Thermal conductivity refers to a material's inherent ability to conduct or transport heat [13]. In a 
wall, thermal conductivity occurs through molecular agitation and contact, rather than bulk 
movement of the solid material. Heat travels along a temperature gradient, from areas with high 
temperature and molecular energy to those with lower temperature and lower molecular energy 
[10]. This heat transfer continues until thermal equilibrium is reached. The rate of heat transmission 
depends on the temperature gradient and the material's specific thermal properties [11]. 
Additionally, thermal conductivity is influenced by factors such as operational temperature, moisture 
content, and macroscopic density [12]. 

Thermal mass, also known as heat capacity, is the capacity of a material to absorb, store, and 
release heat. It plays a crucial role in space cooling, as it helps maintain stable temperatures over 
longer periods, acts as a natural barrier between indoor and outdoor temperatures, and enhances 
thermal comfort [14]. When considering thermal mass, it is important to factor in thermal lag, which 
is the rate at which a material absorbs and emits heat. Materials with significant thermal lag times, 
such as brick and concrete, have slow heat absorption and release, whereas those with short lag 
times, like steel, quickly absorb and release heat [15]. 

Thermal insulation measures the resistance of insulation batts to heat transfer. It defines the 
material's ability to resist the passage of heat from one side to another [16]. The rate of heat transfer 
through a masonry wall depends on the temperature difference between the sides, thickness, and 
contact area. It is directly proportional to temperature and contact area, with thicker walls providing 
greater resistance to heat flow [17-19]. 

The thermal properties of bricks are crucial for a building's thermal performance [20]. Masonry 
buildings often offer higher thermal performance compared to light-frame buildings with equivalent 
insulation ratings due to their significant thermal energy storage capacity. However, to achieve 
substantial overall thermal resistance, additional insulation methods like cement plaster and 
insulation fillings are still necessary in masonry wall assemblies. Different brick shapes and types are 
introduced to the market to minimize the reduction in thermal resistance, enhance thermal design, 
and reduce building energy consumption. However, there is a gap in the understanding of how 
varying cement plaster thickness and specific insulation materials, impact heat transfer and thermal 
resistance in masonry walls. This study is significant as it fills the knowledge gap on how cement 
plaster thickness and insulation materials affect the thermal performance of masonry walls, providing 
insights for improving energy efficiency and guiding the construction industry towards better, cost-
effective insulation strategies. Thus, this research aims to investigates the thermal performance of 
masonry walls while considering cement plaster thickness and the presence of insulation material, 
employing two different testing methods. It also compares the results obtained through 
thermocouple measurements and thermal camera tests to analyze differences. The study's scope 
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includes laboratory tests and analysis to determine the properties of masonry walls, including 
temperature differences, heat transfer amounts, thermal conductivity, and thermal resistance. 
 
2. Methodology  
 

A series of laboratory tests were conducted on a masonry wall with varying plaster thickness and 
the presence of insulation material. This research was preceded by a study on wall sample 
preparation and the test procedure. Two main apparatus, a thermal camera, and thermocouples 
were used to determine the thermal performance of the tested masonry walls. The results were 
determined by comparing thermal properties between different sets of tested wall samples. The first 
parameter in the thermal test of masonry walls is the plaster thickness, ranging from 20 mm of one-
sided plaster to 20 mm of two-sided plaster, while the presence of the insulation material 
(polystyrene board) serves as the second parameter. 
 
2.1 Physical and Mechanical Properties Tests of Clay Bricks 
 

Five clay bricks were tested for compressive strength to determine their load-carrying capacity 
when subjected to a compressive load at a uniform rate of 14 N/mm2. The maximum load at failure 
was recorded and divided by the cross-sectional area of the bricks to calculate their compressive 
strength. The second mechanical property examined was the water absorption of clay bricks. Five 
brick samples underwent water absorption tests. The dry weight and the weight of clay bricks after 
24 hours of immersion were recorded, and water absorption was calculated by dividing the weight 
difference by the dry weight. 

For the design of the wall specimens, it was proposed that the exposed area should be at least 
0.25 m2 with a surface dimension of 0.5 m × 0.5 m and a thickness of 100 mm without the cement 
plaster. The proposed wall bond type is the stretcher bond. In the thermal test of masonry walls, the 
first parameter is the thickness of cement plaster. The thermal test on the masonry wall is conducted 
with the influence of cement plaster: without plaster (specimen A), with 20mm of one-sided plaster 
(specimen B), and with 20 mm of two-sided plaster (specimen C). The composition of the cement 
plaster is 1:4 (1 part cement and 4 parts of sand that passed through a sieve with 2.36 mm openings). 
A 20 mm thick polystyrene board is then attached to the wall (specimen D) as the second parameter 
in this thermal test. Figure 1 illustrates the dimensions of the wall specimens. 

 

 
(a) (b)        (c)        (d)        (e)  

Fig. 1. Wall specimens (a) Wall dimension, (b) Specimen A, (c) Specimen B, (d) Specimen C 
and (e) Specimen D 
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2.2 Thermal Test of Masonry walls 
 

The four wall sides depicted in Figure 2 were assembled to create a square structure with an 
opening in the center to accommodate the thermal source. A 100-watt incandescent bulb is 
positioned in the middle of the setup to provide consistent thermal energy to the surrounding walls 
as shown in Figure 3. A cover, consisting of polystyrene board and plywood, was placed on top to 
minimize heat loss during the thermal test. This setup offers several advantages, including the ability 
to conduct thermal tests on all four walls simultaneously in an enclosed environment, ensuring that 
each of the four walls receives the same thermal energy when the thermal source is positioned in 
the center. For the thermal test, two approaches were employed to measure the temperature 
difference between each wall specimen, denoted as methods 1 and 2, as outlined below to ensure 
the validity of the results. The thermal test was repeated three times to obtain an average 
temperature difference value. The duration of each round of the thermal test was 90 minutes. 
 

   
Fig. 2. Schematic diagram for the test set-up 

 

 
Fig. 3. Thermal test of masonry walls 

 
2.3 Thermal Test 
2.3.1 Method 1: Thermocouples and thermometer 
 

A pair of Type-K thermocouples was first attached to both surfaces of each wall specimen before 
lighting up the thermal source. Next, a thermometer model UT320D was used to connect to each pair 
of thermocouples after 90 minutes of the thermal test to measure the temperature at each surface. 
The temperature measured at the wall surface that is exposed to heat was labeled as Tspot,1 and Tspot,2 
for the surface that is away from the thermal source. The temperature difference measured by this 
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method is the spot temperature difference, ∆Tspot, as the thermocouple is only capable of measuring 
the temperature at one specific point, as shown in Figure 4. 
 

   
Fig. 4. Test setup for method 1 

 

2.3.2 Method 2: Thermal imaging camera and flir studio software analysis 
 

A compacting thermal imaging camera was introduced as method 2 to ensure the validity of the 
study. A thermal imaging camera Flir Cx-Series was then used to take the thermal image of all the 
wall specimens on both surfaces before and after the thermal test. The thermal images were then 
analyzed using a thermal reporting software named Flir Thermal Studio to derive the surface 
temperature of each wall specimen. The surface temperature of the wall that is exposed to the 
thermal source was labeled as Tsurface,1 and Tsurface,2 for the surface temperature of the wall that is 
away from the thermal source. The surface temperature differences, ∆Tsurface, were then determined. 
In the thermal test, the spot temperature difference, ∆Tspot and the surface temperature difference, 
∆ and Tsurface between masonry walls for every configuration were measured by using thermocouples 
and thermal mapping analysis. The amount of heat transferred for each case can be determined using 
the following formula as shown in Eq. (1) to (3). 

 

𝑄 = 𝑘𝑒𝑓𝑓. 𝐴.
∆𝑇

𝑑
             (1) 

 
Where Q = amount of heat transfer (W), keff = effective thermal conductivity (W.m-1.K-1), d = wall 
thickness (m), A = wall surface area (m2), and ∆T = temperature differences = ∆Tspot or ∆Tsurface.  The 
effective conductivity of multi-layered composite materials (specimens B, C and D) is the weighted 
mean of each component layer's conductivity, where the weight is the cross-sectional area of each 
layer. Thus, the effective conductivity: 
 
𝑘𝑒𝑓𝑓 =  ∑𝑘𝑖. 𝐴𝑖 /∑𝐴𝑖             (2) 

 
Where keff = effective thermal conductivity (W.m-1.K-1), ki = thermal conductivity of each layer (W.m-

1.K-1), and Ai = surface area of each layers (m2). The thermal resistance of each case of wall was then 
calculated by using the formula where, R = thermal resistance (m2.K.W-1); and d = wall thickness (m). 
 
𝑅 = 𝑑/𝑘𝑒𝑓𝑓               (3) 
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3. Results  
3.1 Mechanical Properties of Clay Brick 
 

Fired clay bricks demonstrate a high compressive strength, typically ranging from 20 to 40 
N/mm². The average compressive strength of the clay bricks utilized in this research is 34.4 N/mm², 
which is generally suitable for domestic construction. Furthermore, the clay bricks used are classified 
as first-class bricks, with a water absorption rate of 11.6%. It is important to note that for first-class 
bricks, the water absorption should not exceed 20%, while second-class bricks can have up to 22% 
water absorption, and third-class bricks may have up to 25% water absorption. The results are 
summarized in Table 1. 
 

Table 1 
Summary of the mechanical properties of tested clay brick 
Properties Description Acceptance range 

Brick type Common fired clay brick - 
Length 210 mm 190 mm-220 mm 
Width 100 mm 90 mm-110 mm 
Thickness 70 mm 70 mm-90 mm  
Volume 1.47×10-3 m3 Depend on size  
Dry weight 2.80 kg < 3.5 kg 
Density 1905 kg/m3 1600 kg/m3 -1900 kg/m3 
Compressive strength 34.4 N/mm2 < 40 N/mm2 (first class) 
Water absorption 11.6 % < 20% (first class) 

 
3.2 Spot Temperature Difference, ∆Tspot (Method 1) 
 

Specimen A consistently exhibits the smallest spot temperature difference, with specimen B 
following closely in every round of the thermal test. Notable variations are observed in specimens C 
and D. Specimen C records the highest spot temperature difference in the first round, while specimen 
D attains the highest in the subsequent two rounds of the test. This finding was further examined, 
and a comparative analysis with method 2 was conducted to assess whether both methods yield 
similar observations. The highest amount of heat transfer is observed in Specimen A, followed by 
Specimens B, C, and D, as detailed in Tables 2 and 3. 
 

Table2 
Spot temperature difference, ∆Tspot   
Wall specimen ∆Tspot (°C) 

Round 1 Round 2 Round 3 Average  

A 1.60 2.50 1.90 2.00 
B 1.90 3.40 2.50 2.60 
C 4.10 4.60 4.20 4.30 
D 3.00 5.10 4.30 4.13 

 
Table 3 
Amount of heat transferred, Q 
Wall specimen Q (W) 

Round 1 Round 2 Round 3 Average  

A 831.12 833.84 832.03 832.33 
B 589.35 592.57 590.64 590.85 
C 479.25 480.11 479.42 479.59 
D 400.27 403.32 402.16 401.92 
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3.3 Surface Temperature Difference, ∆Tsurface (Method 2) 
 

The surface temperature differences, and the amount of heat transferred obtained through the 
thermal compacting camera and software analysis are shown in Figure 5. The results are in Tables 4 
and 5. 
 

   
(a) (b) 

Fig. 5. Surface temperature of specimen A of both surfaces using thermal mapping 
analysis (a) Wall surface that exposed to the thermal source an (b) Opposite wall surface  

 
Table 4 
Surface temperature difference, ∆Tsurface 
Wall specimen ∆Tsurface (°C) 

Round 1 Round 2 Round 3 Average  

A 1.60 2.00 1.90 1.83 
B 2.30 3.10 2.40 2.60 
C 4.50 4.30 3.10 3.97 
D 3.60 5.00 4.00 4.20 

 
Table 5 
Amount of heat transferred, Q 
Wall specimen Q (W) 

Round 1 Round 2 Round 3 Average  

A 831.12 832.33 832.03 831.83 
B 590.21 591.92 590.42 590.85 
C 479.94 479.59 477.52 479.13 
D 401.14 403.17 401.72 402.01 

 
3.4 Comparison Between Method 1 and Method 2 
 

In Method 1, Specimen C with 20 mm two-sided cement plaster achieved the highest average 
spot temperature difference, ∆Tspot, up to 4.3°C, followed by Specimen D with 4.1°C, Specimen B with 
2.6°C, and lastly Specimen A with 2.0°C. However, in Method 2, Specimen D with a 20 mm polystyrene 
board is observed to have the highest average surface temperature difference, ∆Tsurface, up to 4.2°C. 
In both methods, Specimen A achieved the lowest temperature difference, which is 2.0°C for spot 
temperature and 1.8°C for surface temperature difference, respectively. Besides, Specimen B with 
the 20 mm one-sided cement plaster had the same value of temperature difference, 2.6°C in both 
methods. Based on the results, it can be seen that a 20 mm polystyrene board has a better tendency 
to restrain the heat transfer in all directions compared to the 20 mm one-sided and two-sided cement 
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plaster. This is indicated by the highest average surface temperature observed. However, a 20 mm 
two-sided cement plaster is observed to have a better tendency than the 20 mm polystyrene board 
to restrain the heat transfer in a longitudinal direction at a particular spot because it has the highest 
average spot temperature difference. The results are summarized in Table 6. 
 

Table 6 
Average value of the temperature differences, ∆T and the amount of heat transfer, Q 

Wall specimen Method 1 Method 2 

∆Tspot (°C) Q (W) ∆Tsurface (°C) Q (W) 

A 2.00 832.33 1.83 831.83 
B 2.60 590.85 2.60 590.85 
C 4.30 479.59 3.97 479.13 
D 4.13 401.92 4.20 402.01 

 
Figures 6(a) and 6(b) shows the amount of heat transferred across the wall specimen of methods 

1 and 2, respectively. Both methods have the same trend that specimen A has the highest amount of 
heat transferred followed by specimens B, C, and D. These results demonstrate that the cement 
plasters and the polystyrene have a significant impact on the thermal performance of masonry wall. 
The 20 mm polystyrene board was proven to have the greatest insulation properties since the least 
heat is transferred after the 90-minutes exposure to the thermal source followed by 20 mm two-
sided and 20 mm one-sided cement plaster. 
 

    
(a) (b) 

Fig. 6. Amount of heat transferred across the wall (a) Method 1 (b) Method 2 

 
3.5 Effect of Cement Plaster Thickness and Insulation Material  
 

Table 7 provides an overview of the thermal properties of wall specimens A, B, C, and D, 
considering the average values from both methods 1 and 2. Specimen B has a 20 mm cement plaster 
applied to the surface exposed to the thermal source, and this composite material consists of a layer 
of cement plaster and clay brick. Several factors contribute to the reduction in heat transfer rate in 
Specimen B compared to Specimen A. (1) Thickness: specimen B has a 20 mm greater thickness 
compared to Specimen A, which inherently reduces the rate of heat transmission. (2) Cement plaster: 
the presence of cement plaster is a crucial factor in limiting heat transfer. Specimen B demonstrates 
a 29% reduction in heat transfer compared to a wall without cement plaster as shown in Table 8. The 
cement plaster in this case consists of Ordinary Portland Cement and fine sand. Specimen C takes 
this a step further by increasing both wall thickness and the number of voids, further restricting the 
flow of heat across the wall. This results in a larger reduction in heat transfer, up to 42.4%. Specimen 
D, featuring a 20 mm polystyrene board, is the most effective approach in terms of insulation 
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properties. It boasts the highest thermal resistance value of 0.21 m²K/W and can reduce heat energy 
transmission by 51.7% compared to Specimen A. 

Furthermore, Specimen C exhibits the lowest effective thermal conductivity at only 0.58 W/mK, 
indicating the lowest rate of heat transfer across the specimen. These findings highlight the 
significant impact of insulation materials and thickness on thermal performance. 
 

Table 7 
Average value of the thermal properties of masonry walls 
Wall 
specimen 

Temperature 
differences, ∆T (°C) 

Heat transferred, 
Q (W) 

Effective thermal 
conductivity, keff (W/mK) 

Thermal resistance 
R (m2K/W) 

A 1.92 832.08 1.00 0.10 
B 2.60 590.85 0.85 0.14 
C 4.14 479.36 0.80 0.18 
D 4.17 401.97 0.58 0.21 

 
Table 8  
Percentage reduction of the amount of heat as compared to specimen A (control) 
Parameter Wall specimen Percentage reduction of heat transferred (%) 

Cement plaster B - 20mm one sided plastered 29.0 
C - 20mm two sided plastered 42.4 

Insulation material D - 20mm polystyrene board 51.7 

 
Figure 7 illustrates the relationship between the amount of heat transferred and the measured 

temperature differences for each specimen. It is important to note that the temperature differences 
measured act as the responding variable in this context. In the graph, it becomes evident that 
specimens with a larger amount and a higher rate of heat transfer tend to reach thermal equilibrium 
more quickly. This equilibrium results in a smaller temperature difference between the two wall 
surfaces once both surfaces have reached a similar temperature. For instance, Specimen A, which 
lacks both cement plaster and insulation material, exhibits the highest thermal conductivity, leading 
to the largest amount of heat transferred. Consequently, it requires a shorter time to reach thermal 
equilibrium between both surfaces, resulting in the smallest temperature difference. In contrast, 
Specimen D, which has a 20 mm polystyrene board, demonstrates a smaller amount of heat 
transferred within the same test duration compared to Specimen A. This reduced heat transfer 
contributes to a slower achievement of thermal equilibrium and a larger temperature difference. This 
relationship between heat transfer and temperature differences is an essential aspect of 
understanding the thermal performance of the specimens. 
 

 
Fig. 7. Relationship between the amount of heat 
transferred and the temperature differences measured 
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Figure 8(a) illustrates the relationship between the effective thermal conductivity and the amount 
of heat transferred across the masonry wall, considering the thickness of cement plaster. This 
relationship demonstrates a clear trend: the higher the value of effective conductivity, the greater 
the amount of heat transferred through the walls. When cement plaster is applied to the wall 
(specimen B), it results in a decrease in effective thermal conductivity, which in turn limits the heat 
transfer. As the thickness of the cement plaster is increased (specimen C), the thermal conductivity 
further decreases, effectively restricting more heat transfer across the two wall surfaces. Thus, it is 
evident that increasing the thickness of the applied cement plaster leads to a lower effective 
conductivity. Figure 8(b) shows how the presence of insulation material, such as the polystyrene 
board used in specimen D, can significantly reduce the effective conductivity and heat transfer. The 
polystyrene board, characterized by a high void-to-solid ratio, effectively lowers the thermal 
conductivity of the wall as a composite material. This is because voids or gases within the insulation 
material have poor thermal conduction properties compared to solid materials. As a result, the 
insulation material acts as a barrier, decreasing the rate of thermal conduction and limiting heat 
transmission. 
 

    
(a) (b) 

Fig. 8. (a) Effect of cement plaster thickness and (b) Effect of insulation material on keff and Q 

 
The thickness of the cement plaster applied results in a higher thermal resistance value, leading 

to a reduction in the amount of heat transferred. The thermal resistance is defined as the ratio of the 
temperature difference between two wall surfaces to the rate of heat flow per unit area. With a 
constant area of wall specimens, a higher temperature difference indicates a larger thermal 
resistance and a smaller rate of heat flow. Specimen C, which has the greatest thickness of cement 
plaster applied, demonstrates a smaller rate of heat flow per unit area. This implies that the thermal 
resistance of the masonry wall is directly proportional to the thickness of the cement plaster applied. 
In other words, the thicker the cement plaster applied, the more effective it is at preventing heat 
from being transmitted to the other surface. Figure 9(a) illustrates that attaching an insulation 
material to the wall specimen increases its insulation properties, resulting in a reduction in the heat 
transferred across the masonry wall. This is consistent with Figure 9(b), where a higher thermal 
resistance corresponds to a smaller amount of heat transferred. The particles within the polystyrene 
board do not easily move when exposed to thermal energy, thanks to the strong bond that rigidly 
holds the particles in place. Consequently, the amount of heat transferred is minimized, effectively 
increasing the thermal resistance of the wall. 
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(a) (b) 

Fig. 9. (a) Effect of cement plaster thickness (b) Effect of insulation material on R and Q 

 
Figure 10 illustrates the relationship between effective thermal conductivity and thermal 

resistance. Thermal conductivity measures how much heat passes through the wall specimens, while 
thermal resistance measures the ability of the wall to resist heat from passing through. The trend line 
pattern in Figure 10 shows that thermal resistance is inversely proportional to thermal conductivity. 
This relationship is consistent with the formulation that thermal resistance is calculated by dividing 
the thickness of the wall specimens by their thermal conductivity. In this research, both cement 
plaster and polystyrene board are shown to reduce the thermal conductivity and increase the 
thermal resistance of the masonry wall, assuming a constant surface area exposed to the thermal 
source. Therefore, it can be concluded that cement plaster and insulation board are effective and 
practical for thermal insulation. They significantly increase the resistance to heat flow, helping to 
maintain the desired temperature in a building and improve overall comfort.  
 

 
Fig. 10. Relationship of keff and R for each wall specimens 

 
4. Conclusions 
 

The conclusions drawn from this paper are as follows: 
 

i. Cement plaster and insulation materials were found to significantly contribute to the thermal 
performance of a masonry wall, leading to enhanced thermal comfort in buildings. 

ii. A 20mm two-sided cement plaster exhibited better heat transmission restraint at specific 
spots, as evidenced by achieving the highest spot temperature difference in the thermal test. 
On the other hand, a 20mm polystyrene board demonstrated superior performance in 
insulating a wall surface in all directions, resulting in the largest average surface temperature 
difference among all the specimens. 
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iii. Polystyrene board exhibited greater insulation capabilities compared to cement plaster of the 
same thickness. A 20mm polystyrene board reduced heat transfer by up to 51.7%, while a 
20mm one-sided cement plaster achieved a reduction of only up to 29%. 

iv. The thickness of the cement plaster applied directly influenced the thermal resistance of the 
wall. A 20mm two-sided cement plastered wall demonstrated a higher thermal resistance 
value and effectively limited heat transmission when compared to a 20mm one-sided cement 
plastered wall. 
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