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Abstract. This study seeks to measure the temperature difference of 3
types of interlocking bricks and 2 types of conventional bricks, all which
are available in Malaysian market. The study aims to assist Malaysia’s
residential construction dilemma in masonry. This is done by constructing
5 models using different types of bricks with the same dimensions, finishes
and placed in the same area. Six points were taken to measure the
temperature differences. The equipment used are 6 Thermocouples and
HOBO UX120-014M data logger. Intervals of 15 minutes were recorded
with duration of four months in Tronoh, Perak. Results show the best
performed brick is IB2, even though IB1 and Clay bricks depict significant
temperature differences. Comparing the temperature differences of IB1 and
Clay brick, IB1 provide a better performance in a hot weather due to its
higher thermal conductivity.

1 Introduction

The temperature differences of locally manufactured bricks are studied to justify its thermal
performance for residential construction. Since Malaysia is a developing country, more
residential construction is expected. A high indoor temperature results to a lower indoor
environmental quality, resulting high energy use of mechanical system for thermal control
[1]. Meanwhile, thermal insulating materials are expensive as they are used for fire safety
of insulating host weather for buildings, which results to higher costs and hazardous to the
environment than bricks [2-4]. In addition, studies are scarce in identifying and comparing
the temperature differences of locally manufactured interlocking bricks and conventional
bricks. Previous studies regarding interlocking bricks have been promising. Therefore, this
study hopes to validate its potential. The temperature difference of three interlocking bricks
and two conventional bricks are compared and recorded using thermocouples and a data
logger. Thus, results show Clay bricks provided better results than interlocking bricks. The
paper shall expatiate with the literature review related to this study, followed by the
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methodology used to measure the temperature difference, the discussions of results and end
with a conclusion.

2 Literature review

2.1 Carbon emission of residential construction

According to Xiodang et. al [6], a life-cycle of carbon emission can be found during the
operation stage which can reach approximately 32% of global final energy consumption
and 30% being energy related of CO; emission. This was then supported by the U.S EIA in
2004 that residential construction does contribute to 21% out 48% of total emission made
by a building [7]. Memari et.al. [8], analyzed that the housing sector needs improvements in
many areas, which includes embracing green and sustainable design and construction.
However, it is also indicated that a research has been done to reduce the construction
impacts by concentrating on three main areas which are; use of reclaimed materials, local
sourcing and materials selection [9].

2.2 Sustainable development

The United Nations Framework on Climate Change [10] states that sustainable construction
is a road that can help developing countries in promoting sustainable development. This
was supported by Chetan et al and Levine et al [11,12], that the construction industry is a
major consumer of natural resources, thus, sustainable construction strategy should include
all parameters to reduce energy and atmospheric carbon emission [11,12]. In Malaysia's
perspective, the step towards sustainable development started from the Ninth Malaysian
Plan (2001-2005) [13], where the progress and prospects of Housing were addressed. To
support said motion, in 2009, the Ministry of Energy, Green Technology and Water
(MEGTW or KeTTHA), conditioned that any construction that receives a Green Building
Index (GBI) certificate after the end of its assessment shall be given an incentive of tax and
stamp duty exemption [14]. According to Chua et. al. [15], due to the support and
intervention of the government, green awareness among the public and private sectors are
rapidly encouraging; especially by providing green awareness and various incentives
offered while enacting green policies

2.3 Masonry

Building materials can be associated with the major environmental burden as each building
materials (conventional and innovative types) have embodied energy while having GHG
emission originated from each stage of life. If looked through a Life-Cycle Analysis of
masonry, a brick can contribute to the sustainable design by looking through the materials
used, how it is made, manufactured and used [16]. It was indicated that bricks used in
residential buildings can be designated as a walling element, partition as well as
architectural elements [17]. However, the ability of bricks to regulate indoor temperature is
because of its thermal mass properties [18]. This is supported by a study stating bricks can
be cooler in the hottest part of the day and warmer during the night [19].

2.4 Interlocking bricks

The current mitigation made and discovered for masonry in Malaysia are Interlocking
Bricks. The technique for Interlocking Brick which provides a lock and key system, has
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gained popularity first in Thailand, Philippines and Malaysia way back to the 1960°s. Thus,
the professionals in the building industry in Asian countries are showing high preference
for the use of interlocking masonry as compared with the conventional types [20].
Significantly, it was stated that Interlocking Bricks has been described as one of the
simplest, flexible and most versatile system [21]. However, the uses of Interlocking Bricks
in Malaysia are not preferable since there are no specific standard to the system [22]. To
add, studies are scarce in production and installation of the system based on local
requirements. This results it to be hindered to use in the construction industry. There are
also limited studies of interlocking bricks with regards to the heat flow of available
interlocking bricks in Malaysian market.

3 Methodology

3.1 Experimentation

In this study, an experiment is conducted to work on 3 types on interlocking bricks brought
locally in Malaysia. This method is studied from Chaimoon et.al [23] and Yong et.al [24],
depicting that interlocking bricks have a better thermal conductivity than clay. The
limitation of this study is due to the limited space provided. Thus, contributing it to be
scaled down to 1000mm (I) x 500mm (w) x 300mm (h). Initially, a double-story terrace
house in Selangor had taken. The test models were placed at on open area near the Sewage
Treatment Plant in Universiti Teknologi PETRONAS. The experiment consists as below;

a) Each model is constructed using typical construction practices.

b) Mortar plastering at interior and exterior of wall.

¢) Roof cover shall be concrete tile roof and ply wood.

d) 2 thermocouples placed in interior and exterior of at the center of wall (TC2-TC4).

e) 1 thermocouple placed in middle of model (TC1).

f) 1 thermocouple placed away from model (TC4).

Data from thermocouple were collected by HOBO UX120 4-Channel Thermocouple
Logger. The wall surfaces together with the internal and external temperature are recorded
in a 15 minutes interval for the duration of five (5) months for accuracy and are periodically
checked monthly. Each visit is recorded to reduce the probability of error that may occur in
the researchers’ absence. The placements of thermocouples are depicted in Figure 1. The
data logger is placed on each test model labelled as IB1, IB2, IB3, Cement Sand and Clay
Brick and executed.

3.2 Material properties

As previously mentioned, all bricks were taken locally in Malaysia. Interlocking Bricks
were taken from manufacturers in Selangor while conventional bricks were brought from
the local hardware store. As mentioned, clay bricks and cement sand block are the most
used as structural masonry [25]. Thus, these conventional types are considered. The
selected Interlocking Bricks and its properties are presented in Table 1 and Figure 3.

Table 1. Properties of brick used

Type of Brick Material Size (mm)
1B1 Clay, Sand, Cement 250 x 125 x 100
1B2 Cement, Quarry Dust, Chippings
IB3 200 x 100 x 100
Cement Sand Brick Cement Sand
Clay Brick Clay
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4 Results and discussions

4.1 Temperature distribution

Table 2 depicts the results of Interlocking Bricks and Conventional Bricks of a 5-month
data collection with every data sampled every 15 minutes. From the overall results, it can
be summarized that every temperature difference of bricks experienced a higher
internal/inner wall temperature compared to external/outer wall temperature.

Fig. 2. Interlocking Bricks selected; IB1, IB2 and IB3
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The may be due to the poor roof insulation since for this research, no insulation was
done for the roof. As stated, besides night ventilation and window and wall shading, roof
insulation may be able to be a mitigation method as a vernacular passive cooling technique
for terrace houses in Malaysia [26]. This helps reduce the internal circulation and providing
a lower temperature internally of a building/structure.

From the observation of its mean, median and mode, every internal, external, inner wall
and outer wall temperature of every bricks displayed a mean greater than its median which
is greater than its mode, hence depicts a positive skew. However, for the temperature
differences results for each brick, the mean, median and mode does not represent a positive
skew. This may be due to its high variation as depicted by its standard deviation and
coefficient of variation, since both values are more than one (1). A coefficient of variation,
which has a value more or equal than 1, show a high variance [27]. Therefore, a larger
sample size is needed to find a significant difference.

Overall each brick shows a potential in reducing temperature from the outside to the
inside. Furthermore, its standard of deviation is not very far off from each other. However,
the most obvious is the coefficient of variation of IB2 which is the lowest and nearer to zero
(0) while the others are more than five (5). In addition, the mode for IB2 is also small (-
0.5). Thus, IB2 gave the best results.

IB1 and Clay Bricks gave better temperature differences results; this may be due to
having Clay as its main material content. Although studies have proven Clay being a main
component in providing better thermal comfort, but studies have shown that in terms of
carbon emission, Clay bricks show the highest value of energy to produce as it requires a
lot of energy to burn in the kiln [28].

Although IB2 and IB3 have the same material, the difference of its lock and key system
does contributes to the results of its temperature difference. Even though the standard of
deviation is nearly the same, the coefficient of variation differs tremendously as IB3 is
higher than IB2 albeit having better temperature differences. This depicts that IB3 have a
higher variation than IB2. Thus, too much variation does not ensure a stable temperature
difference, which also indicates the probability of having a hotter temperature inside the
building/structure. In selection between these two Interlocking Bricks of the same material,
IB2 displays a better result in providing a better temperature difference.

Table 2. Temperature distribution of interlocking bricks and conventional bricks

Type of Brick MEAN | MEDIAN | MODE | MAX | SDV | MIN | CV
TC2 I““;,’;;;’r 29.08 28.32 2637 | 47.85 | 3.3013 | 22.24 | 0.1135
TC3 E’;:Zfl‘l‘" 2082 | 2783 | 2532 | 5276 | 55148 | 21.89 | 0.1849
IB1 Difference | 0.7434 0.6 0.84 | 2296 | 4.0232 | -8.51 | 5.4120

TC1 | Inner Wall 28.75 27.63 25.68 4295 | 3.7898 | 22.09 | 0.1318
TC4 | Outer Wall 28.64 26.58 2430 56.44 | 5.1387 | 21.71 | 0.1794

Difference | -0.1025 | -0.76 118 | 2087 | 2.3570 | -9.12 22‘3 e

TC2 I'““f;;;’r 29.57 28.37 2549 | 4427 | 43912 | 20.39 | 0.1485

TC3 E’{{gl'l‘“ 30.47 28.75 2537 | 46.06 | 53924 | 22.32 | 0.1770

LEE Difference 0.90 0.3 0.45 | 14.68 | 2.7123 | -4.55 | 3.0359

TC1 | Inner Wall 28.71 27.29 24.74 42.41 | 43351 | 17.08 | 0.1510
TC4 | Outer Wall 28.13 26.477 24.26 43.93 | 4.2909 | 21.40 | 0.1525
Difference | -0.5771 -0.67 -0.5 12.52 | 1.7294 | -9.53 2.969
IB3 | TC2 Interior 29.79 28.32 25.72 43.66 | 4.7247 | 2243 | 0.1586
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Wall
TC3 E’;tve;l‘l‘“ 30.84 28.61 25.18 | 4876 | 6.1213 | 22.22 | 0.1985
Difference 1.05 0.34 043 | 1530 | 3.0329 | 4.8 | 2.9015

TC1 | Inner Wall | 28.07 26.8 2427 | 4421 | 3.8198 | 21.74 | 0.1361

TC4 | Outer Wall | 28.10 2631 2437 | 4228 | 43233 | 21.51 | 0.1539
Difference 0.02 0.41 0.41 9.09 | 1.8113 | -9.1 81'f82

TC2 l“‘t,\‘j;:;’r 29.69 28.49 2572 | 44.09 | 43529 | 22.47 | 0.1466

Cem | TC3 E’;tveﬂl‘" 30.43 28.73 25.04 | 4731 | 53383 | 22.35 | 0.1754
Se':lt 4 Difference 0.74 -0.41 057 | 14.17 | 2.8080 | -5.14 | 3.8328
a TC1 | Inner Wall | 28.76 27.61 2637 | 43.14 | 3.8208 | 22.59 | 0.1328
TC4 | Outer Wall | 28.39 26.73 2419 | 5036 | 4.6836 | 21.62 | 0.1650
Difference | -0.3683 1 1 1878 | 2.7692 | -9.35 | 7.5188

TC2 I“t“ﬁ;;;’r 29.50 28.33 25.65 | 4379 | 4.1820 | 22.44 | 0.1418

TC3 E’{;f:l‘l‘" 30.75 28.34 2532 | 56.87 | 6.6380 | 22.18 | 0.2064

Clay Difference 1.25 -0.54 0.5 25.02 | 43742 | -7.56 | 3.4777
TC1 | Inner Wall | 284129 | 27.06 2463 | 42.81 | 4.0329 | 21.67 | 0.1419

TC4 | Outer Wall | 28.3328 | 26.25 2427 | 62.84 | 5.1536 | 21.05 | 0.1819
Difference | -0.0801 | -0.59 0.5 2696 | 25223 | 56 | 3 1';‘ s

All bricks gave standard variations that are higher than every mean. This depicts that all
data sampled have a relatively high variation. Despite having high variation, each brick data
sample shows a positive skew which means there are more low temperature differences
than high temperature difference. Thus, the impact of both types of bricks; interlocking or
conventional, are not much significant.

4.2 Highest temperature difference

From the results of the inner wall versus outer wall temperature difference, it is safe to say
that each brick reduces the temperature from the outside to the inside of the model. Since
IB1 and Clay Bricks presented better temperature differences to observe the difference
more clearly, the results are presented together to observe its performance during the same
selected date. Figure 3 and Figure 4 depict the highest temperature difference recorded
upon a 5 (five) months of data sampling for Interlocking Bricks which is on the 3™ of
February 2017 by IB1 on 2:04 PM Malaysian time. Meanwhile, Figure 5 and Figure 6
depict the highest temperature difference for Conventional Bricks and on 16" of February
2017 at 12:25 PM for Clay Bricks.

In the researcher’s perspective, the likelihood of the high temperature difference is due
to the position of sun being on its peak hour. Furthermore, both of the test models of both
of these bricks are placed at each end in their location, thus absorbing an amount of heat
more than test models that are placed in the middle. Based on the World Weather Online,
the weather during 3rd of February 2017 shows the weather was very hot with only 19% of
cloud [29].

While on the 17 of February, the weather was tolerable with a little bit of rain and 27%
of cloud. Furthermore, this may be due to the thermal conductivity of material of said
bricks.
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The thermal conductivity of IB1 is much higher than Clay Bricks. Thus, the higher the
thermal conductivity, the faster the heat transmitted through the material. Hence, combining
these two factors, the heat transferred for IB1 on a very hot weather shows significantly
compared to a shady day. This differs differently with Clay bricks as it performs better if

the weather is cloudy or rainy.
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Fig. 3. Internal versus External Temperature Difference on 3™ February 2017 for IB1
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Fig. 4. Internal versus External Temperature Difference on 3" February 2017 for Clay Brick
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Internal vs External Temperature Differences of Clay Bricks on 16/2/2017
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Fig. 5. Internal versus External Temperature Difference on 17" February 2017 for Clay Brick
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Fig. 6. Internal versus External Temperature Difference on 17" February 2017 for IB1

5 Conclusion

Findings suggest that the highest temperature difference was gained by Clay bricks,
followed by IB1, IB3, IB2 and Cement Sand bricks. However, from the overall temperature
distribution, even though each brick resulted to a positive skew, the results of the overall
temperature differences states otherwise. This is due to the high coefficient of variation
than standard deviation; hence the probability to achieve said temperature is unlikely. Each
brick presented results to reduce temperature from the outside to the inside of the wall, but
IB2 depicts the best choice. This is given by the lowest coefficient of variation and having a
small mode. It also shows that the probability to achieve a low temperature is more likely

and repetitively compared to other bricks. The

material in bricks also affects its
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performance. This can be seen with the material content of Clay bricks and IB1 by giving a
significant temperature difference. Apparently, due the difference of thermal conductivity,
where IB1 has a higher thermal conductivity than Clay bricks, IB1 presented a better
performance on a hot day. The difference in the lock and key system also affects the results
of temperature difference as can be seen with IB2 and IB3. The findings in this study could
be used for comparison evaluation of locally available manufactured Interlocking Bricks on
its effectiveness on temperature differences. Study suggests a bigger scaled dimension on a
real room scale for a more complex and accurate evaluation on temperature differences, as
well as adding more points/ placements of thermocouples at different wall levels.
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