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ABSTRACT
This study aims to investigate a distribution of
architectural design parameters including building
layout, floor area, thermal properties of building
envelope, roof shape, overhang length, window to wall
ratio (WWR), and air infiltration rate, observed from
546 Thai houses in order to develop a reference house.
A large uncertainty is found in WWR on the front wall
and the left wall of living room as well as the area of
master bedroom and living room. The reference
building including the uncertainties in architectural
design is provided for further analyses in the home
energy performance and senstivity analysis in energy
model.

performance in specific building case studies, which the
characteristics of the tested houses may not be a good
representative for calculation accurate energy
performance of the Thai housing stock. This present
study presents a distribution of architectural design
parameters of the Thai detached houses obtained from
the field observation. The information of equipment,
lighting, and HVAC system including operational
schedule is in the survey process, which is not included
in this paper. Such architectural design database of Thai
detached house is a significant part to develop a
baseline building for predicting energy performance
and sensitivity analysis to further develop the standard
guideline for energy efficient house.

METHODOLOGY
INTRODUCTION
Residential building ranks second in building energy
consumption in Thailand. The single detached house
has a large share (approximately 53 percent) of
residential buildings in Bangkok neighborhood areas
and the number of detached houses tends to increase
due to urbanization (Chongchalearn
2014). One
purpose of the Thailand 20-year energy efficiency
development plan aims to reduce the energy
consumption in Thai houses by approximately 8% and
establishes a standard design guideline, which
effectively improves energy-efficient house (Energy
Policy & Planning Office, 2011). To obtain more
accurate energy performance for developing the
effective standard guideline, it requires the database of
architectural design characteristic, equipment, lighting,
HVAC system including operational schedule, which
impacts residential energy use. Many studies
investigated the methods to improve energy efficiency
in Thai houses (Taepipatpong 2010, Chulsukon et al.
2002, Anonwattanakarn 2006, Wimolwatvatee 2004,
Pongpisitsakul 2004, Kittichanteera 2010, Tabtimtong
2010). However, such studies investigated energy

This present study gathers information of architectural
design elements including building layout, floor area,
thermal properties of building envelope, roof shape,
overhang length, window to wall ratio (WWR) from
both design documents and field observations from 546
modern Thai houses in 167 housing estates located in
Bangkok neighborhoods including Pathumthani,
Samutprakarn, Bangbauthong, Bangna, Nontaburi, and
Nakornnayok. The calculated air infiltration rates are
obtained from the simulation results performed in
previous study (Jareemit, 2015). The studied houses are
a medium-sized house over a range of 96 - 297 m2 with
an average value of 145 m2 (s.d. = 36.8). The building
floor to ceiling height is 2.7 m. and the building volume
ranges from 265 - 802 m3 (average of 392 m3, s.d. =
99). The studied houses were constructed during years
2013 - 2015. Figure 1 presents the architectural
characteristics of the modern Thai detached houses
observed in this present study.
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Figure 1 Samples of the observation houses

RESULTS AND DISCUSSION
Uncertainty in architectural design may result high
error in predicted energy performance in Thai house.
This section provides the uncertainty distributions of
architectural design parameters, which include building
shape and layout, building area, window to wall ratio,
air infiltration, and building materials and
constructions. The building layout and building area are
used to establish the reference house while other
parameters are defined as the design uncertainty.

Building shape and layout
Typical modern Thai detached houses have a cube
shape with a pitched roof. The building layouts can be
separated into fifteen layouts categorized from room
orientation and its location in the house. The first two
layouts commonly found in the Thai housing stock are
layout A and B (Figure 2), which accounts 66 percent.
Typically, the building width and length ratio ranges
from 1:1.1-1:1.2. The width of the house ranges from
7.8 – 8.0 m. and the length is from 9.0 – 9.2 m. Most of
the Thai detached houses are two-story building. The
houses have an open plan living space, which combines
dining, kitchen, and toilet on the first floor. The second
floor comprises three bedrooms and two bathrooms.
The differnce between layout A and B is that the stair
location of layout A is either on the left or right side of
the house while the stair in layout B is located at the
front of the house.
Building area
Besides the building layout, to define the size of a
reference house, it requires the information of room
area and room dimension. Figure 3 presents the
uncertainty distributions of the room area and
dimension, which are commonly found in layout A and
B. Typically in the modern Thai detached houses, the
second floor area is greater than the first floor area
when the parking area is not accounted. Total floor area

of layout B is greater than layout A by approximately
32 percent. Considering the room area, the area of
living room including dining area, kitchen, and master
bedroom has relatively wide range when compared to
the area of other rooms. The range of living area
including dining is from 20 - 50 m2 for layout A and 30
- 65 m2 for layout B. The area of master bedroom
ranges from 19 – 48 m2 for layout A and 22 – 40 m2 for
layout B. The kitchen area of 19 – 52 m2 in layout B is
considerably larger than the range of 9 – 30 m2
observed from layout A. The floor area of the baseline
house used in the previous studies (Maneerat 2003,
Kittichanthira
2010,
Pongpisitsakul
2004,
Anonwattanakarn 2006, Tabtimtong 2010) mostly are
not within the 25th - 75th percentile of the data set
gathered in this present study since the large uncertainty
is found in the area of living room, kitchen, and master
bedroom. The studied houses (constructed during year
2013-2015) and the houses built during 2003-2010
(Maneerat 2003, Kittichanthira 2010, Tabtimtong 2010,
Pongpisitsakul 2004, Anonwattanakarn 2006) are
smaller than the houses in year 1994 (Chulsukon et al.
2002) due to the smaller land plot. Figure 4 and 5
represent the distributions of room and house
dimensions. There is uncertainty in design of the
building length (Y) rather than building width (X) since
the width of land plot is typically fixed.
Layout A

Layout B

Figure 2 Layout A and B
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Figure 3 Box plots display the 25th - 75th percentile interval of the room area observed in layout A and B. Floor1
and Floor 2 are the first and second floor, respectively. LL+DN is living room including dining area. Kc+Wc is
kitchen room and toilet. B1, B2 and B3 are master bedroom, bedroom 2, and bedroom 3, respectively. Wc2,3 is
toilet 2 and 3 located on the 2nd floor. A and B labeled after the function represent layout A and B, respectively
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Figure 4 Box plots display the 25 - 75 percentile interval of the room and house dimensions observed in layout A.
X1 and X2 are the building width of the 1st and 2nd floor. Y1 and Y2 are the building length of the 1st and 2nd floor.
LL+DN is living room including dining area. Kc+Wc is kitchen room and toilet. B1, B2 and B3 are master
bedroom, bedroom 2, and bedroom 3, respectively. Wc2,3 is toilet 2 and 3 located at the 2nd floor. (X) and (Y)
represent the room width and length
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Figure 5 Box plots display the 25 - 75 percentile interval of the room and house dimensions observed in layout B.
X1 and X2 are the building width of the 1st and 2nd floor. Y1 and Y2 are the building length of the 1st and 2nd floor.
LL+DN is living room including dining area. Kc+Wc is kitchen area and toilet. B1, B2 and B3 are master bedroom,
bedroom 2, and bedroom 3, respectively. Wc2,3 is toilet 2 and 3 located at the 2nd floor. (X) and (Y) represent the
room width and length
Table 1 Summary of average and mode values of room dimensions and areas observed in layout A and B
Parameters
Building width/ length
Area
- Living+dining
- Master bedroom
- Bedroom 2
- Bedroom 3
- Bathroom 1 and 2
Room dimension (width/ length)
- Living+dining
- Master bedroom
- Bedroom 2
- Bedroom 3
- Bathroom 1 and 2

Layout A
Mean (s.d.)
Mode
8.5 (1.1)/9.2 (0.7) 7.8- 8.0/ 9.0-9.2

Layout B
Mean (s.d.)
Mode
9.5(1.4)/ 11.4 (1.9) 9.0-9.5/10.0-11.0

32.5 (5.0)
26.3(6.4)
14.8(3.2)
11.9(1.9)
5.6 (1.1)

30.0-32.0
24.0-26.0
11.5-12.0
11.5-12.0
4.9-5.1

41.3(9.7)
31.1(4.3)
19.6(4.4)
15.8(3.4)
6.6(0.7)

40.0-50.0
31.0-33.0
19.0-19.5
14.0-14.5
6.5-7.0

4.2(0.4)/ 7.7(0.8)
4.0(0.5)/ 6.6(1.2)
3.5(0.4)/ 4.9(0.6)
3.2(0.3)/ 3.7(0.3)
1.9(0.2)/ 2.6(0.4)

3.8-4.0/ 7.2-7.4
3.8-4.0/ 6.0-6.2
3.0-3.1/ 4.0-4.2
2.9-3.0/ 3.9-4.0
1.9-2.0/ 2.4-2.6

4.6(0.7)/ 8.9(1.1)
4.3(0.6)/ 7.3(1.1)
4.0(0.5)/ 4.9(0.7)
3.7(0.3)/ 4.3(0.6)
2.1(0.2)/ 3.1(0.4)

4.5-5.0/ 9.0-9.5
4.5-4.6/ 7.7-7.9
4.0-4.2/ 4.6-4.8
3.6-3.8/ 4.0-4.2
1.9-2.0/ 3.0-3.2

Table 1 presents the calculations of average value with
standard deviation and mode value of building width
and length and room dimension. From the table, some
average values are not within the range of the mode
value with the error ranging from 1-18 percent.
Typically, an average is used to represent a reference
value. However, in this present study, the average value
cannot be used for determining the room sizes and
house proportion since it might be not implemented
properly. This present study uses the mode value (the
range frequently found in the data set) to define the

reference size of the rooms and house since the mode
value is a standard size of building materials and for
construction in Thai housing stock. For the reference
house, the rooms are arranged according to the typical
layouts shown in Figure 2 and 3. The mode value of the
room dimension (in Table 1) is selected to calculate the
room area with the condition that such calculated room
area should be within the range of the mode value. The
design reference houses for layout A and B are
presented in Figure 6.
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Layout A

Layout B

Figure 6 Layouts and room dimensions for the reference houses
Window to Wall Ratio (WWR)
Window to wall ratio (WWR) ranks the top three
parameters, which significantly impacts the home
energy performance (Malhotra and Haberl 2006,
Malhotra 2006, Taepipatpong 2010, Jareemit and
Improm 2015). The distributions of WWR observed
from the studied houses are presented in Figure 7. It is
found that the WWR in each side of building envelope
has relatively large uncertainty with the standard
deviation ranging from 3.5 - 9.1. The front wall
typically has the highest WWR, which is 60 percent for
layout A and 50 percent for layout B. This large
window provides a garden view in front of the house. In
addition, the right wall on the second floor of the layout
A has considerably high WWR due to a large staircase
window. There is a slight difference in WWR of the
houses observed in this present study and the reference
houses used in previous studies (Maneerat 2003,
Pongpisitsakul
2004,
Anonwattanakarn
2006,

Tabtimtong 2010), except the WWR on the front wall
of the houses and the left wall of the living room. The
WWR on the front wall of the houses built during year
2003 – 2006 (Maneerat 2003, Anonwattanakarn 2006,
Pongpisitsakul 2004) is 12 - 43 percent lower than the
WWR observed in the studied houses (constructed
during year 2013 - 2015) and the house in year 2010
(Tabtimtong 2010). The WWR on the left wall of the
living room observed in this present study tend to be
increased by 26 - 88 percent from the past.
Consequently, the large uncertainty of WWR on the
front wall of the house and the left wall of the living
room should be considered for establishing the
reference building since the large uncertainty in WWR
can result high uncertainty in energy performance in
Thai detached houses. The summary of average values
with the standard deviations of the WWR shows in
Table 2.
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Figure 7 Box plots display the 25th - 75th percentile interval of Window to Wall Ratio in each side of building
envelope observed in layout A and B. The number 1 and 2 labeled after the relative direction represent the floor
level. A and B labeled after the floor level represent layout A and B, respectively
Table 2 Average and standard deviation values of the WWR observed from layout A and B
WWR

Front wall
Back wall
Left wall
Right wall

Layout A
1st floor
2nd floor
Mean (s.d.)
Mean (s.d.)
33% (6.0)
33% (9.1)
22% (6.5)
13% (6.0)
34% (7.6)
12% (5.5)
8% (3.7)
22% (7.1)

Air infiltration
A typical Thai house has a split type with no outdoor
air intake. Consequently, air infiltration through cracks,
penetrations, and other adventitious openings is
considered as a whole building ventilation. The data of
air infiltration rates presented in this paper are obtained
from previous study (Jareemit 2015). Jareemit (2015)
used a multi-zone model, CONTAMW (Walton and
Dols 2013), to calculate air infiltration rates from 137
Thai houses, which have the Layout A as presented in
this paper. The air infiltration rates had a wide range
from 0.33 - 0.58 h-1 with an average value of 0.43 h-1
(s.d. = 0.04). This range covers the air infiltration rate
of 0.55 h-1 investigated in another modern Thai house
(Suthi 2001). Typically, the modern Thai detached
houses have a quite airtight envelope when compared to
the air tightness characteristics of 0.35 h-1 defined by
the CIBSE guide A (2006). Considering an impact of
air infiltration on energy performance, the large
uncertainty in air infiltration rates had less impact on

Layout B
1st floor
2nd floor
Mean (s.d.)
Mean (s.d.)
18% (3.5)
34% (8.9)
15% (4.6)
14% (6.2)
27% (8.6)
13% (4.4)
8% (4.2)
14% (6.9)

the energy result when compared to heat gain through
building envelope (Suthi 2001).
Building materials and thermal properties
The construction of the studied houses built during year
2013-2015 is slab on beam, which has similar system to
the houses built in year 1994 (Chulsukon et al. 2002)
and during year 2003-2010 (Maneerat 2003,
Pongpisitsakul
2004,
Anonwattanakarn
2006,
Tabtimtong 2010). The houses constructed during year
2003-2015 have two types of wall construction system:
1) four inch Autoclaved Aerated Concrete block (ACC)
and 2) four inch precast concrete wall system, with
plaster finish on exterior envelope (u-value of 0.89
Btu/ft2hroF) (Maneerat 2003, Pongpisitsakul 2004,
Anonwattanakarn 2006, Tabtimtong 2010) while the
houses in year 1994 were built with four-inch brick
wall (u-value of 0.89 Btu/ft2hroF) (Chulsukon et al.
2002). Ninety-six percent of the roof construction
observed from Thai detached houses is a 7/12 pitched
roof with a cement tile and only 4 percent is a gable

© 2016 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution,
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.

202

roof. The calculated u-value for the roof system is 0.57
Btu/ft2hroF. The eaves length ranging from 0.8 - 1.2 m.
provides small shade on building envelope. The
material of window and door typically found in the
studied houses and the houses built during year 20032010
(Maneerat
2003,
Pongpisitsakul
2004,
Anonwattanakarn 2006, Tabtimtong 2010) is clear and

tint glass with aluminum frame while the houses built
in year 1994 had wooden framed windows (Chulsukon
et al. 2002). The building materials and construction
systems including thermal properties of building
envelope, window, and door of the houses investigated
in this present study are presented in Table 3.

Table 3 Types of material including thermal properties and construction observed from the studied houses
Parameters
Roof
Exterior wall

Floor
Window and door

Building Materials and Construction
Pitched roof with a cement tile
4 inch Autoclaved Aerated Concrete block (ACC) with plaster
finish on exterior envelope
4 inch precast concrete wall system with plaster finish on
exterior envelope
Concrete slab
Clear glass with aluminum frame

Tinted glass with aluminum frame

Thermal Properties
U = 0.57 Btu/ft2hroF
U = 0.89 Btu/ft2hroF
U = 0.89 Btu/ft2hroF
U = 0.26 Btu/ft2hroF
U = 1.11 Btu/ft2hroF
SHGC = 0.81
SC = 0.95
U =1.09 Btu/ft2hroF
SHGC = 0.62
SC= 0.71

CONCLUSION

FUTURE WORK

This study gathers the architectural design database for
the modern Thai detached house (built during year
2013-2015) in order to develop a reference house for
energy analysis and further establish a standard design
guideline for energy-efficient house. The large
uncertainty is found in the WWR and the room area,
especially master bedroom and living room. The
average value of WWR ranges from 7.9 - 33.6 percent
with s.d. ranging from 3.5-9. The master bedroom area
has average of 26 m2 (s.d. = 6.4) for layout A and 31.1
m2 (s.d. = 4.3) for layout B. The average area of living
room is 32.5 m2 (s.d. = 5) for layout A and 41.3 m2 (s.d.
= 9.7) for layout B. The architectural design in modern
Thai houses has slightly changes from the house
constructed in the past decade, especially WWR on the
front wall and the left wall of the living room. The
WWR on the front wall of the houses built in the past
(year 2003-2006) is 12 - 43 percent lower than the
WWR observed in the present houses (year 2010 2015). The WWR on the left wall of the living room of
the present houses tend to be increased by 26 - 88
percent from the past. The reference building including
the uncertainties in architectural design is provided for
further analyses in the home energy performance and
uncertainty in the energy model.

For the future work, we will perform sensitivity
analysis to determine significant parameters for
establishing the design guideline for energy efficient
home. The analysis of architectural characteristics
provides a baseline building, which is an important part
of such process. We are currently collecting the data of
home appliance, lighting and air conditioning system
including its operational schedule from the field survey,
which will additionally be used for establishing the
baseline building.
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