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Abstract. Controlling the thermal behaviour of buildings is very important because it affects
the energy use in the buildings and impacts the thermal environment of the area. Thermal
behaviour of the building is determined by the type and composition of the building material.
This paper shows the thermal behaviour of several types and composition of commonly used
building wall materials, i.e. brick, aerated concrete, laminated wood with glass wool insulation,
and gypsum with glass wool insulation. For the thermal behaviour measurements, we used wall
models exposed to halogen lamps of 2000 watts for 4 hours heating and 4 hours for cooling
with a measurement interval of 5-15 minutes. Data retrieval using 8 thermocouples mounted on
the surface and inserted inside the wall. The observed thermal behaviour phenomena are the
heat flow on the walls, the time delay, and the heat capacity. The results show different maps
of the thermal behaviour on the walls and indicating the need for additional thermal insulation
material to control the heat release to the outside and inside of the building.
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1. Introduction

Many experts claim that the building has a negative effect on energy use and environmental
damage such as the urban heat island (UHI) phenomenon. The negative effects of the building
are mainly due to the material properties used, especially the role of the building envelope [1].
Currently, in major cities in the world, there is a phenomenon of increased air temperature due
to heat dissipation effects of buildings.
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The material properties that play a major role in this phenomenon are the ability to save or
Specific heat and release heat or IR emissivity. The use of brick, concrete in the building and
asphalt on the road body reported giving the greatest warming effect on city air [2]. The
building materials have a large specific heat so that when exposed to sunlight throughout the
day will store large amounts of heat. The intensity of sunlight received is influenced by a
number of factors namely the orientation of buildings, seasons, weather and location of a
latitude of the location.

This phenomenon is difficult to control because the materials attached to the building cannot
be replaced easily and cheaply. Some experts claim that the effect of shadowing can reduce
the rate of heating the building so that the effects of caloric release are also reduced.
Differently, other experts claim that the replacement of glass material can reduce the effects
of energy use in buildings. But both ways can not optimally control the recovery and release
of heat. One of the more effective ways is to add thermal insulation materials on the walls of
the building, but the addition of insulation requires a thermal behavioural review of
commonly used building materials.

This paper presents the results of an experimental study on the commonly used thermal
properties of building materials. The result of this research is to formulate requirement
insulation for improvement of thermal behaviour of building envelope wall [3-13].

2. Materials and Methods

The study of the thermal behaviour of buildings due to sun exposure is carried out in the
laboratory or indirectly. Exposure to sunlight in buildings is modelled by exposure to light
from two halogen lamps @ 1000 Watt. The exposure process is carried out for 4 hours then
followed by a cooling process for 4 hours. The duration of exposure is similar to the sun
irradiation period at 08.00-12.00 on the wall facing east then cooling when the position of the
sun is inclined westward at 12.00 to 16.00.

The thermal behaviour of the buildings is represented by the east and west walls of the
buildings which are made from various possibilities of popular building wall materials
namely; 1) multiplex and glass-wool, 2) gypsum and glass-wool 3) aerated concrete, 4) brick.
Comparison of the four wall materials of the building is carried out in a 1x1 m model. This
study method was adopted from Aversa et al. [14].

Each wall model is exposed to a halogen lamp with a distance of 65 cm. The temperature
measurement is carried out every 15 minutes using a Type K thermocouple with an accuracy
0f 0.2% + 1 ° C and an infrared (IR) camera from the outer and inner surfaces (Figure 1).
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Figure 1: ExperimghTal Setup

The irradiation is directed to the center of the wall, where the thermocouple is placed on the
outer side (Tso), the inside of the outer layer (Tm1), the center of the wall (Tm2), the inside of
the indoor layer (Tm3) and the indoor surface (Tsi) (Figure 2).
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Figure 2: Type of wall material and thermocouple position

The multiplex and GRC walls represent the type of sandwich while the walls of aerated
concrete and brick represent the block type. On the sandwich wall the type of material and
composition in general are:
¢ 15 mm multiplex on the outside and inside with 4-inch glass wool insulation
(density 16 kg/m?3) in the centre. On the outside is given a layer of waterproofing
and weather shield paint, while the inner multiplex is given a layer of ordinary
wall paint.
e 4 mm GRC on the outside and 9 mm gypsum on the inner side with 4-inch glass
wool insulation in the middle. The outer and inner layers are the same as multiplex
walls.
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While the type of block walls, types of materials and compositions that are commonly
used are:

» 12cm thick aerated concrete wall. The outer and inner layers are the same as multiplex
walls.

» Brick wall with 1.5cm cement mortar plaster on the outer and inner surfaces. Finishing
on the outer and inner layers is the same as the multiplex wall.

3. Results and Discussion

The measurement results show the heating and cooling profiles on the four walls (Figure 3).
On the sandwich wall, the outer surface temperature is relatively stable after 90 minutes of
heating, while in the block wall type the wall temperature continues to increase during the
heating period. While the surface temperature in the sandwich wall tends to be stable, while in
the block wall type the temperature continues to increase with a linear gradient. The
difference in thermal behaviour in the two types shows the role of glass-wool which
significantly inhibits the heat flow from the outside. In the block system, aerated concrete and
brick materials tend to continue heat from outside to inside. In the block system, the
difference between outside and inside temperatures continue to increase during the heating
period while the on the sandwich system the different temperature is relatively stable.
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Figure 3: Wall temperature profile during heating and cooling on: a) multiplexed walls,
b) GRC walls, c) aerated concrete walls, d) brick walls

In the cooling process, the outer surface of the sandwich wall quickly cools to lower than the
middle temperature of the wall. On the block wall, cooling runs slower even though the
surface temperature is still rising in the cooling period. This shows the block wall works as a
thermal mass.
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Figure 4: Wall temperature profile in maximum heating

In Figure 4, the wall temperature profile shows that the sandwich wall with glass wool
insulation can hold the heat flow well enough so that the difference between the outer and
inner surface temperatures is greatest. But the temperature of the outer surface of the
sandwich wall increases rapidly to a temperature of 65 ° C, adversely affecting the thermal
outdoor environment. The role of surface properties needs to be considered in the use of this
sandwich wall.

Unlike the block wall, the surface temperature does not soar when exposed to sunlight,
because it requires a lot of heat energy to increase the temperature. Block walls have a large
thermal capacity compared to sandwich walls.
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Figure 5: Wall temperature profile after cooling

In figure 5, it can be seen that the cooling process starts from the surface, both outside and
inside surfaces. In the above conditions, it can be seen that the middle wall temperature is
higher than the surface temperature.

Sandwich walls are lower than the wall block after 4 hours of cooling. Brick walls store the

most heat compared to other walls, this shows the ability to store the largest brick wall heat.

Negative effects of heat storage are seen at higher external and inner surface temperatures

than sandwich walls. The temperature of the wall surface which is higher than the air

temperature indicates the release of heat from the wall to the air which is felt as heating both

indoors and outdoors. The phenomenon of warming outdoor space by buildings is known as
5
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the urban heat island, where accumulatively the buildings in the region release heat into the
air so that the temperature of the region's air rises significantly.

Thus it has become clear that the use of heavy materials such as bricks is not suitable for
future use. Likewise, aerated concrete material recommended as a substitute for bricks also
shows thermal behaviour that is not good compared to sandwich walls.

This phenomenon requires the study of building materials in the future, where lightweight
bricks and concrete that have large heat capacity must be repaired in several ways, namely; 1)
reduce the heat capacity, 2) reduce the thermal conductivity.

Currently, mitigation technology is needed to improve the thermal behaviour of buildings [2]
especially those using brick and concrete materials. New insulation material technology
applied to the outer surface of the wall so that heat gain from the sun can be avoided.
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Figure 6: Thermal insulation material for envelope building wall

The study of the thermal behaviour of building materials shows the need for many studies of
thermal insulation material technology suitable for the outer walls. This compatibility can be
seen from the UHI effect parameters [2] and the material's weather resistance effect.
Insulation material for application outside the wall requires water-resistant properties and
deformation due to possible loads [6]. The use of natural and sustainable materials such as
cellulose has enormous potential in Indonesia [7, 8, 9, 10, 15].

The behaviour of the thermal wall of the building affects indoor temperature and space
occupants [16]. In the next study, it is expected that the role of the insulation of the outer
walls in the outdoor and indoor environment can be well mapped.

4. Conclusions

Thermal behaviour of buildings is strongly influenced by its material properties. Physical
environment parameters both outdoor and indoor can be a direction for the study of insulation
material technology. Based on the study above, it was proven that aerated brick and concrete
materials showed poor thermal behaviour for outdoor and indoor environments. To improve
the thermal behaviour of the building, it is necessary to have appropriate insulation material
on the outside of the wall.

It is necessary to study the thermal properties of the thermal insulation of these walls which
are in accordance with the needs of the tropical environment where UHI parameters and
thermal comfort are applied.
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Sustainability parameters must also be considered, where the use of natural insulation such as
cellulose is very potential in a tropical environment. But the cellulose material needs an in-
depth study related to fire and water resistance.

5. Acknowledgements

This research and publication is financed by the Multidisciplinary Research Program, ITB
2018 with Number: 074a/ 11.C10 / KU / 2018.

We would like to express our deepest gratitude to Suwardi Tedja who has prepared the sample
so that this research can work well.

6. References

[1] Wonorahardjo, S.; Sutjahja, I.M.; Kurnia, D.; Fahmi, Z.; Putri, W.A., 2018, Potential of
Thermal Energy Storage Using Coconut Oil for Air Temperature Control. Buildings 2018,
8, 95.

[2] Wonorahardjo, S., 2011, New concepts in districts planning, based on heat island
investigation. Procedia Soc. Behav. Sci. 2012, 36, 235-242

[3] Diamant, R. M. E., Thermal and Acoustic Insulation, 1% Edition, eBook ISBN:
9781483279954

[4] Ojanena T., Seppéa I. P., Nykénena E., 2015, Thermal insulation products and
applications - Future road maps, , Energy Procedia 78 (2015) 309 — 314.

[5] Deshmukh G., Birwal P., Datir R. and Patel S., 2017, Thermal Insulation Materials: A
Tool for Energy Conservation, Journal of Food J Processing & Technology 2017, 8:4
DOI: 10.4172/2157-7110.1000670.

[6] Fibres, Zach J., Brozovsky J., Hroudova J., May 2010, Research and Development of
Thermal-Insulating Materials Based On Natural, Modern Building Materials, Structures
and Techniques.

[7] Dhivar P.S., Patil A.R., Thermal Insulation Using Agricultural By-Product: A Review,
IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE) e-ISSN: 2278-1684,p-
ISSN: 2320-334X PP. 53-61.

[8] Paivaa A., Pereiraa S., Sda A., Cruz D., Varumc H., Pintoa J., 2012, A contribution to the
thermal insulation performance characterization of corn cob particleboards, , Energy and
Buildings 45 (2012) 274-279.

[9] Pinto J., Vieira B., Pereira H., Jacinto C., Vilela P., Paiva A., Pereira S., Cunha V.M.C.F.,
Varum H,, Corn cob lightweight concrete for non-structural applications, Construction
and Building Materials 34 (2012) 346-351

[10] Zacha J., Hroudovab J., Brozovskyc J., Krejzad Z., Gailiuse A., 2013, Development of
Thermal Insulating Materials on Natural Base for Thermal Insulation Systems, , Procedia
Engineering 57 (2013) 1288 — 1294.

[11] Asdrubali F., D'Alessandro F., Schiavoni S., 2015, A review of unconventional
sustainable building insulation materials, Sustainable Materials and Technologies 4 (2015)
1-17.

[12] Terry N., Palmer J., Cooper 1., 15 June 2012, State-of-the-Art Review: Insulation and
Thermal Storage Materials Pre-Publication Draft, Cambridge Architectural Research
Limited.



IC-DAEM 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 547 (2019) 012058 doi:10.1088/1757-899X/547/1/012058

[13] Azimi E. A., Bakri Abdullah M. M.A., Ming L.Y., Yong H. C., Hussin K.and Aziz I.H.,
2016, Processing and Properties of Geopolymers as Thermal Insulating Materials: a
Review, , Rev. Adv. Mater. Sci. 44 (2016) 273-285.

[14] Aversa P., Palumbo D., Donatelli A., Tamborrino R., Ancona F., Galietti U., Luprano V.
A.M., 2017, 2017, Infrared thermography for the investigation of dynamic
thermalbehaviour of opaque building elements: Comparison between emptyand filled with
hemp fibres prototype walls, Energy and Buildings 152 (2017) 264-272

[15] Steven ., Mardiyati ., R. Suratman, 2014, Pembuatan mikrokristalin selulosa rotan
manau (calamus manan sp.) serta karakterisasinya, Journal Selulosa Vol 4, No 02 (2014) ,
DOI: http://dx.doi.org/10.25269/jsel.v4i02.84

[16] Damiati, S.A.; Zaki, S.A.; Rijal, H.B.; Wonorahardjo, S., 2016, Field study on adaptive
thermal comfort in office buildings in Malaysia, Indonesia, Singapore, and Japan during
hot and humid season. Build. Environ. 2016, 109, 208-223.



	1. Introduction
	2. Materials and Methods
	While the type of block walls, types of materials and compositions that are commonly used are:
	• 12cm thick aerated concrete wall. The outer and inner layers are the same as multiplex walls.
	• Brick wall with 1.5cm cement mortar plaster on the outer and inner surfaces. Finishing on the outer and inner layers is the same as the multiplex wall.
	3. Results and Discussion
	4. Conclusions
	5. Acknowledgements

