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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Thermal comfort is one of the comfort aspects in
Received 2020/03/06 current architectural design and can be changed by various components. Researchers
Revised 2020/09/08 iemphasize that early thermal comfort studies relying on climate and environmental
Accepted 2021/02/08 iaspects can only justify a part of the results. Therefore, it is necessary to examine the
Available Online  2022/09/22 i effect of other components. Effective components could be found in physical, physiological,
§psycho|ogical, social, environmental, and economic aspects. So, thermal comfort can be
Keywords: ginﬂuenced by inner and outer factors. Regarding the research literature and the variety
Thermal Comfort i of effective components in thermal comfort, there is a lack of research on this subject.
Thermal Adaptation iIn addition, researchers believe many relations between these components should be
Thermal Sensation i considered in thermal comfort studies. Therefore, as a part of a larger study, this study was
Thermal Preferences i conducted to investigate the effect of personal, environmental, and social components on

Adaptive Behavior Ethermal comfort. This study aims to clarify the individual and social components affecting

Office Building ithe perception of thermal comfort to provide solutions to improve the design of office

i spaces. So, there are two questions: First, what are the personal and social factors affecting

"""""""""""""""""""""""""""""" ithe perception of thermal comfort? And second, which scale is better for predicting
Use your device to scan :

and read the article online i thermal comfort based on these components?

ETHODS: In this regard, a field study (including questionnaire, observation, and on-
: site measurement for recording climatic data using thermal sensors) was conducted
{in winter in a main administrative office building of Shiraz University. Questionnaires
i were designed to gather some of the personal components (such as age, gender, height,
gweight, and adaptive behaviors); social components (including education and degree
'glevel, the field of study, and position); and thermal scales (thermal sensation, thermal
§comfort, thermal satisfaction, thermal preference, thermal acceptability, and overall
ithermal comfort). Blood pressure, heart rate, and body temperature as the personal
%components were measured using a related standard device. Clothing and activity types
i were recorded and then changed into a quantitative scale. The data loggers also record the
{indoor air temperature and relative humidity. The field study was conducted in January
$2019 for four consecutive days from 8 am to 12 pm. In total, there were 110 measurement
gsubjects. Finally, 108 were identified as useful in the analysis by eliminating incomplete

i questionnaires. The main administrative building is located on the northern side of Shiraz,
S

Number of References

66

Iran (52.52°N, 29.63°E). The 138920 m2 building is oriented in the northwest and southeast
{in two blocks (with seven and ten stores). The two building blocks have some differences
{in constructional details and interior design. There was no compulsion to participate, and
oral and short-form written consent was considered with no restrictions on participants to
i have freedom of their usual work day.

Number of Figures

INDINGS: The collected data were imported into SPSS software. A total of 22 statistical

Number of Tables i0 analyses were performed, including descriptive and inferential statistics (linear
9 {and multiple linear regression, Univariate ANOVA). This study selected the correlation
%coef‘ﬁcients based on the variables scale. So, Spearman, Pearson, and Eta correlation have
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?been used to show the strength of the relations. In this study, 108 subjects participated,
fincluding 41 women and 66 men (one person did not mention gender). The age group
i varies from 24 to 60 years. Most of the age group is in the 31-45 range. These individuals
gweigh between 50 and 120 kg and have a height of 1.55 to 1.86 meters. The average
i body temperature was 36°C, the mean blood pressure was 126 with a minimum of 87
i and a maximum of 183, and the heart rate was also in the range of 49 to 98. The average
{indoor air temperature during the four days of study was 23.67°C, and the average
relative humidity was 24.86%. The indoor globe temperature was very close to the air
i temperature (23.50°C). The average outdoor temperature was 15.2°C, and the average
i relative humidity was 34.9%. The thermal response was considered with nine different
i thermal scales on the 3,5, and 7-point Likert scale. The average of each response was as
follows: Thermal sensation vote (TSV)=-0.4; Thermal comfort=6; Thermal pleasure= 4.78;
i Temperature preferences= 0.3’ Humidity preferences=-0.18; Velocity preferences= -0.35;
Radiation preferences=-0.32; Thermal acceptance= 0.85; & overall thermal comfort=4.94.

ONCLUSION: The results show that the impact of social components is negligible.

However, participants in double and multiple office rooms had better thermal comfort
! status than in single office rooms. So, if these criteria are considered during the design
process, it can help to improve the indoor environmental quality. Regarding the personal
i components, body mass index and clothing value are the two most influential factors.
i It is very important to make different thermal adaptation strategies for the occupants
ito have a right to choose any of them. Therefore, appropriate strategies should be
considered for the components needed to provide comfortable conditions in both human
i resource management and architectural design. In this study, the thermal preference is
i an appropriate scale for predicting occupants’ thermal needs based on environmental
i and personal components. The thermal comfort range was calculated based on Griffith’s
methods and was 21-26°C. It is very important to know that people feel neutral based on
i the thermal sensation vote in most office buildings. Still, they usually need temperature,
i humidity, air velocity, and radiation changes. So in architecture or mechanical engineering,
i we should not merely rely on thermal sensation vote to decide on heating or cooling
setpoints. So, if the setpoint of the studied office building changes from 25°C to 23.6°C,
we can anticipate at least a 10 percent reduction in energy consumption. People can adapt
i to different situations, making them flexible and resilient. But designers should be aware
 that this adaptation process needs more effort and, of course, more mental, psychological,
and physical energy that can reduce occupant’s productivity.

{ HIGHLIGHTS:

- Despite the application of thermal comfort standards, occupant’s dissatisfaction and
i unproductivity show that there is a need to consider the impact of other components in
i addition to environmental components.

- The effect of social components on a personal thermal comfort perception is negligible.
i - Thermal preference can be predicted based on personal and environmental components.
i Accordingly, the average preferred temperature of in this study is 23.6 °C.
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| 1- Thermal response scale 1 | 2- Physical components
! 1 ! Indoor air temperature
| TSV =Thermal sensation vote 1 | Indoor globe temperature

I Teiessure = Thermal pleasure
Toumr= Thermal comfort
| Tprertemp= Temperature preferences 1 |
Tp.za= Humidity preferences

i Indoor relative humidity

Instrument:
HEART INDEX CHECKER 8778-

| Tprrv= Air velocity preferences 1 | | aceuracy: + 0.6°C;£0.5 %
[ Tprerrs = Radiation preferences I
Taccept = Thermal acceptance |

| Tovenn cms = Overall thermal comfort 1 |

| l | ﬁ 3 i
I 1l &
[ 3- Personal and Social components A

11
| Age 11 Instrument:
Gender USB Datalogger MIC 98583-
I Body Mass Index (BMI) I I accuracy: +0.6°C;+0.3%
| Body temperature 1 | == =
Heart rate ‘m ll F
| Blood pressure 1 I
| Adaptive behavior 1 I | ™ : s
Degree level . Meteorological Station
| Field of study 11

Post 1 |
Performance status

| Work schedule level 1 |
Companionship status

I Clients status

Shiraz air port
I I latitude:  29-32N,
elevation: 1486 m

| e ——————— [ ———

Qutdoor air temperature
Outdoor relative humidity

Fig.1. Measured components & used instrument during field study
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Table 1. Report of personal component

Index Unit Min Max Mean SD
Age Year 24 60 39.10 7.814
Body Mass Index (BMI) - 14.90 37.78 25.47 3.65
clothing insulation values (Clo) ClouV 0.37 1.17 0.65 0.187
Metabolic rate MET 1.20 1.55 1.21 0.578
Blood pressure mmHg 87.77 183.13 126.87 17.63
Heart Rate Pulse 49 98 74.59 9.76
Body temperature °C 34 37 36.52 0.45
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Change of place
Clothe increase
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Fig.2. Percentage of choosing adaptive behavior
Table 2. Report of personal component
Index Group/ Group/ Group/ Group/ Group/
Percentage Percentage Percentage Percentage Percentage
Gender Women: 37.6 Men: 60.60 - -
Face color Light: 22 Medium: 73.4 Dark: 3.7 - -
Clothe Color Light: 15.6 Medium: 43.1 Dark: 40.4 - -
Performance status 2:0.9 1:7.4 0:75 -1: 13.9 -2:2.8
Work schedule level 2:0.9 1: 1.9 0.50 -1:32.4 -2:14.8
Companionship status Single room: 44.4 Double room: Multiple room: - -
38.9 16.7
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Table 3. Report of physical components

Index Unit Min Max Mean SD
Indoor air °C 21.8 253 237 0813
temperature
Indoor globe °C 214 256 235 0.943
temperature
Indoor Relative % 17.5 365 23.6 3.46
humidity
Outdoor °C 12.1 184 152 1.329
temperature
Outdoor Relative %  23.50 46 349 748
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Table 4. Correlation between personal components and thermal scale responses

Index TSV Tricasure Teomt Tprefremp Tpemrn Tpretv Thprera Taccept Toveran
comf
Gender 0.123 0.051 0.056 0.006 -0.117 0.011 -0.165 -0.010 0.103
Age 0.024 -0.101 -0.044 0.042 0.007 0.178 -0.125 -0.208" -0.051
clothing insulation -0.079 -0.072 -0.064 0.006 0.068 0.079 0.089 0.048 0.034
values (Clo)
Metabolic rate -0.011 -0.042 0.017 0.036 0.166 0.095 0.223" 0.005 0.000
Blood pressure -0.032 -0.087 0.110 -0.024 0.092 0.135 -0.091 -0.124 0.046
Heart Rate 0.095 -0.072 -0.203" -0.168 0.033 -0.071 0.036 -0.115 0.018
Body temperature 0.098 -0.014 -0.080 -0.025 -0.119 -0.141 -0.009 0.199" -0.045
Body Mass Index -0.043 -0.026™ -0.154 -0.002 -.156 -0.001 -0.246" -0.2317 -0.23
(BMI)
Face color 0.008 0.076 0.046 0.017 -0.062 0.131 -0.070 0.205" -0.092
Clothe Color 0.035 -0.137 -0.171 -0.078 -0.104 -0.038 0.163 0.044 0.041
Body posture -0.079 -0.072 -0.064 0.006 0.068 -0.79 -0.098 0.048 0.034

* : P value < 0.05; **: P value, 0.01

TSV= Thermal sensation vote; Tpicasure =

Thermal pleasure; Tcom= Thermal comfort; Tprerremp= Temperature preferences; Tpemu=

Humidity preferences; Tprerv= Air velocity preferences; Tprera= Radiation preferences; Taccep= Thermal acceptance; Toyerall com= Overall

thermal comfort.
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Table 5. Regression Model of personal components and thermal responses

Model Number Sig R’

Regression model

1 0.101  P<05 Tprefra = 0.881 + 0.734 (ClouValu) — 0.051 (BIM)

2 0.047  P<05 Teoms = 7.855 — 0.025 (heartrate)

3 0.082  P<05 Tpieasure = 7-388 — 0.103 (BIM)

4 0.047  P<05 Torefremp = 0.056 — 0.137 (Rhy,)

5 0.066  P<05 refy = 0.198 + 0.116 (Rhy,) + 0.096 (BIM)

6 0.132  P<001 Tprepy = 0..353 + 0.155(T;,) + 0.183 (Rhy,) — 0.108 (ClouValu)
7 0.190 P<001 Tyrepra = —0.064 — 0.129(Ty,) + 0.159 (Rhy,) — 0.129 (ClouValu)

p

+0.224 (BIM)
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Table 6. Report of one-way ANOVA between TSV & adaptation Behavior

Steps Independent Variable Significance with dependent Variable n2
1 window Opening/ closing - -
2 window Opening/ closing; temperature decrease window Opening 0.054
window Opening & temperature decrease 0.073
3 window Opening/ closing; temperature decrease. - -
increase
4 window Opening/ closing; temperature decrease. - -
Increase; Hot drink
5 window Opening/ closing; temperature decrease. - -
Increase; Hot/ cool drink
6 window Opening/ closing; temperature decrease. HVAC off 0.067
Increase; Hot/ cool drink; HVAC off
7 window Opening/ closing; temperature decrease. - -
Increase; Hot/ cool drink; HVAC off/ on
8 window Opening/ closing; temperature decrease. window closing & HVAC off 0.063
Increase; Hot/ cool drink; HVAC off/ on; Place
change
9 window Opening/ closing; temperature decrease. Place change & Clothe decrease 0.041
Increase; Hot/ cool drink; HVAC off/ on; Place
change; Clothe decrease
10 window Opening/ closing; temperature decrease. HVAC off & Clothe increase 0.080
Increase; Hot/ cool drink; HVAC off/ on; Place
change; Clothe/ increase decrease
11 window Opening/ closing; temperature decrease. Place change & not possible 0.105
Increase; Hot/ cool drink; HVAC off/ on; Place -
temperature decrease & not possible 0.068

change; Clothe/ increase decrease/ not possible
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Table 7. Correlation between social components and thermal scale responses

Index Degree Level Post Field of Performance Work Companionship Clients

study status schedule status status
level

TSV 0.437 0.384 0.445 0.315 0.398 0.017 0.014
Tricasure 0.455 0.529 0.666** 0.398 0.458 0.327 0.13
Teoms 0.403 0.451 0.622%* 0.458 0.368 0.308 0.008
Tprefremp 0.274 0.343 0.290%* 0.368 0.240 0.226 0.004
Tperu 0.304 0.304 0.306 0.240 0.323 0.073 0.013
Tpretv 0.325 0.427* 0.263 0.323 0.303 0.085 0.010
Tprerra 0.389 0.388 0.271 0.260 0.295 .083 0.007
Taccept 0.232 0.151 0.137 0.447** 0.196 0.158 0.018
Toverall comf 0.457 0.537 0.349 0.709%* 0.461 0.327 0.022

* : P value < 0.05; **: P value, 0.01

Table 8. Regression model of thermal responses based
on personal, environmental and social components

Model Sig R? Regression model

Number
1 0.000"  0.152  Tyieqsure
= 6.635 + 0.250 (FieldGroup)
—0.092(BMI)
+ 0.368 (Performancestatus)
2 0.000" 0.196 T,

overall comfo

=3.792 + 0.507 (gender)
+ 0.341 (PostGroup)
+ 0.584 (Performancestatus)
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