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Comparison of Construction Systems and Materials Affecting Temperature and
Virtual Feeling Inside the Building: Case Study of Nordic Style Prototype House,
Bang Phra Subdistrict, Chonburi Province
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Abstract

This research aims to compare the construction systems and materials affecting indoor temperature
and feeling inside the building. The case study is a Nordic-style prototype house in Bang Phra Subdistrict,

Chonburi Province, designed to enhance energy efficiency and quality of life. This research selected to use the
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floor - wall - roof system by studying three scenarios: (1) Lightweight brick structure 2. Steel structure covered
with lightweight cement fiber walls and (3) Prefabricated insulation panel system. The popular construction
systems in Thailand, such as lightweight brick structures and steel structures covered with lightweight cement
fiber walls, result in high internal temperatures and high energy consumption, causing discomfortable feelings
when stay inside of the building, which is unsuitable for Thailand’s climate. This research found that the Case
Study 3, which is the prefabricated insulation panel system, has the best heat insulation value. The temperature
and the feeling of being in the best comfortable condition are with the heat value: Case Study 1 measured
temperature of 30.64 °C, the feeling of being 32.89 °C; Case Study 2 measured temperature of 31.06 °C, the
feeling of being 33.47 °C; and Case Study 3 measured temperature of 26.00 °C, the feeling of being 26.40 °C,
respectively. The construction of the prototype building in this research has developed knowledge, using a
system of floor panels, walls, roofs, and prefabricated insulation, reducing construction steps, reducing time,
and labor from the original construction. It is a system that allows the building to save energy to the maximum,
can be completed within 5 days. It demonstrates excellent heat and moisture resistance, as evidenced by real-
world experimental results. Data was collected on heat levels, ambient temperature, radiant temperature, and
perceived temperature (Physiological Equivalent Temperature). The conclusion is that when Nordic-style houses
are integrated with energy-saving designs and appropriate technologies, they can effectively adapt to Thailand's

hot and humid climate.

Keywords: Nordic style, technology, Autoclaved aerated concrete, Lightweight steel frame house with fiber

cement panels, Prefabricated insulated panel system, Temperature
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Infrared Thermometer HABOTEST HT650 C (Boonyatikarn, 2002) ﬁ'zfdﬁﬂlﬁﬂamLLﬁ,JluEﬁmﬁ'ﬂﬂ"lqquﬁLL’mayall
(Ambient temperation) 88l UINaU 1.5 ssr@aLda ANAILLLLEINTIAAIAIAIUNSEE (Emissivity) e afiuendis

ANNENNNTATRIINURIINGLUNTUNSIENG I UANTOWRDNYN (Figure 1)

Figure 1 Infrared Thermometer HABOTEST HT650
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Figure 2 Measurement of external roof temperature (a), Measurement of external wall
temperature (b), Measurement of internal floor temperature (c),

Measurement of internal wall temperature (d)
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Figure 3 The house plan used in the research
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Figure 4 Exterior Perspective of the house used in the research

Figure 5 Interior perspective of the house used in the research
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gauniivsueinianiglueeil 25 ssrwaldod gauuniiunssdninuseusyi 30.64 asrwalled Augdnialioussi

q U

32.89 parALwaLTud

A Case Study 1

Metal Sheet Roof with Air Gap
and Gypsum Insulation

2R = 2.48 fh°F/Btu
U = 0.40 Btu/h ft °F

Yoy
< >
PgA

v

35°C 31°C

Actual Temperature
25°C

3-Inch lightweight concrete
block wall

60°C 2R = 3.93 feh°F/Btu
U = 0.25 Btu/h ft? °F

31°C }
MR .64°C
Eeel 5 2.89°C

N

Reinforced concrete floor

Figure 6 Total thermal resistance, total heat transfer coefficient, Mean Radiant

Temperature (MRT), and apparent temperature of Case Study 1.
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nanafuguugll anigunauiei 25 a9AEaldyd aIUn9 Ae 8.47 BIMLYALTYA WU AL IANTBUMNABINITAIY
I3 ¥ 9 a = 9 Yo oA =~ - Y ¥ A
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Case Study 2

3774
AFA Metal Sheet Roof with Air Gap
a5°C and Gypsum Insulation

/ 2R = 2.48 h°F/Btu
35°C 31°C U = 0.40 Btuh ff* °F

Actual Temperature Steel Frame with Fiber
25°C Cement Board Wall

2R = 2.84 h°F/Btu

U = 0.35 Btuh ft* °F

Fiber Cement Board
Floor on Steel Frame

Figure 7 Total thermal resistance, total heat transfer coefficient, Mean Radiant

Temperature (MRT), and apparent temperature of Case Study 2.
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Figure 8 Components of Case Study 3: Prefabricated insulation panel system including

floor, walls, and roof.

vAg
<) Case Study 3

6-Inch thick insulated roof panel

2R =25.01 f2h°F/Btu
U =0.04 Btu/h ft* °F

6-Inch thick prefabricated
insulation wall

2R = 24.93 feh°F/Btu
U = 0.04 Btu/h f2 °F

6-Inch thick prefabricated
insulated panel

Figure 9 Total thermal resistance, total heat transfer coefficient, Mean Radiant

Temperature (MRT), and apparent temperature of Case Study 3.

Table 1 Comparison table of Nordic-style houses for Case Studies 1, 2, and 3

System and Materials Actual Virtual Feeling Required temperature reduction to
Temperature Temperature achieve a comfortable state
) ) )
1. Lightweight Concrete 30.64 32.89 11.05
2. Lightweight Wall 31.06 33.4 11.86
3. 6-inch Insulation Wall 26 26.4 1.96
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HAUIINGIMINLYSEUUNITNEATILANNT 0y ADUIUN 0D FUIAUMEIRWNTTATN AUUILLASIETIUNANNTT

FaunliuaTnasnnuiadn 9 2 nsdinunlyndanugs waslaidainiesuiueniad 25 ssrwaided nausdnseuey

luauie arunsuszndandanuuazaan ndisluuiunddedidenlysyuumauauiu i - wile - vdean dusagu &

ASUTENDULUUIZUULME N15NBATIITIANET 51ANDEI 1 bULNINIIUIUTURNALY waziuAusaumutula® wuan

vidlunuifeiiduuuiivssndandsnudisnnnafinguneimuauinmi 4.6 w1 vilmduuiuiiawisasglanie

Aedlagianndsnuindalaainuatofinela unagudenislyszuuianfiiduawiudnsagunun 6 daaunsoan

gaumaiinelueanslafininszuuianneasanuuineswidgnauiuazlasunanniunuduunliiues (Table 2)

Table 2 Comparison table of Nordic-style houses for Case Studies 1, 2, and 3

Case Study House

Case Study 1 Case Study 2

Case Study 3

House model

Roofing materials
External surface
temperature

Internal surface
temperature

>R of roofing materials

U of roofing materials
Wall materials

External surface
temperature
Internal surface
temperature
>R of Wall

U of Wall

Floor material

Internal surface
temperature

Cooling load (Q)

Energy consumption
Virtual feeling Inside the
building

Metal sheet

Metal sheet

65°C,45°C 65°C,45°C

35°C,31°C 35°(C,31°C
2.48 248
0.40 0.40

Lightweight Concrete Steel frame clad with

Wall Panel fiber cement board
60°C 60° C
31°C 32°C
3.93 2.84
0.25 0.35

Steel frame clad with
Reinforced Concrete
fiber cement board

28°C 28°C

109.91 w/m?
240.29 kWh/m?-yr

97.46 w/m?
215.15 kWh/m?-yr

32.89° C 33.47° C

6-inch Insulation wall

65°C,45°C

26°C,26°C

25.01
0.04
6-inch thick

prefabricated insulation

60°C

26°C

24.93
0.04
6-inch thick
prefabricated insulation
26°C
13.57 w/m’

45.70 KWh/m?Zyr

26.4° C
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