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Abstract

This research aims to create a research tool for studying the thermal comfort conditions of
exercisers in air-conditioned exercise facilities. Using 1 exercise facility to test the tool, the research is
conducted by reviewing the literature creating and testing a tool to measure the comfortable state of
exercisers using a questionnaire. Along with measuring the air condition inside the exercise facility, results
from a survey of the weather conditions in the exercise facility are analysed. Measurement is done hourly
for 1 day during 15:00-19:00 hrs. There is an average air temperature of 27°C, average relative humidity of
53%RH, and average wind speed of 0.35 m/s, along with testing of research tools or questionnaires. From
the results of testing the research tools, it can be concluded that the research tools of ANSI/ASHRAE
Standard 55 (2023) including the thermal sensation scale and preference scale are consistent with each
other and are consistent with the measurement results in the same direction. The research tools of Kitchai
Jitkhajornwanich (2013) including the acceptability scale and the velocity scale, are consistent with each
other in the same direction. These research tools are worth developing further. As for the humidity scale,
it was found to be inconsistent with acceptability scale due to the opposite answers to the questionnaire.
Therefore, it is not worth for a further development. When looking at the consistency between all the tools,
it was found that the thermal sensation scale, acceptability scale and velocity scale were consistent in the
same direction. Therefore, from the test results of all tools, it can be concluded that the thermal sensation

scale, preference scale, acceptability scale and velocity scale are worth for further development.

Keywords: thermal comfort, fitness center, exerciser, thermal comfort factors, Bangkok
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Jsueanna (°C) wae (°0) e (%) wae (m/s)
. Y Cardio 25.2 40.8 0.2
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Weight 255 a2.5 0.18
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dn13z1ndune (Thermal comfort)

ASHRAE Standard 55 (2023) lalvianunuiganiizuiauie (thermal comfort) 1331 “The
condition of mind which expresses satisfaction with the surrounding thermal environment and is
assessed by subjective evaluation” v3efiie anymsdnladauansmunelaluanmuindouiieguas
Iisunsuszfiulnenisussifiunudaids annviiauisazgnussidulasainiuidndeenusouiiiia
N3 6 Usenis Tu 2 Jodemdn fafl ASHRAE Standard 55 (2023) seyld Aetadusudauindonds
2xdl 4 Mauus 18un gamgiiennia (Air temperature) ATwduduivs (Relative humidity) gruvnfiade
ypaiiuAalngsaUI1918 (Mean radiant temperature) uazaraniaan (Air velocity) waziladeduyaaa
Faazdl 2 dhuds 1aun Arnnuduauiuainidedin (clothing insulation, clo value) wazsasINsWIHANY
294319018 (metabolic rate, met) s3ds alalaad (Szokolay, 1987) lanafiadnusiaSuvesaniziiauiy
Isiun ownsuazieRosms nsUsusan Tuduldfomds evguazne ddumseendndsmeasziisnsnisssasy

vaesmeuazaInduaunandednfianusadildidueiesflouuudeunuaniziiauievesy

v
v a

panmasneluunanuls Aedl

#1902 memmmL‘?Juamw,?iaﬁﬂuamw%miaaﬂﬁwé’ama

auudef I, (clo value) auudef I, (clo value)
usv/gatuly 0.01 Hefwuaudu () 0.17
mum%ﬂui{m@a 0.03 ey 0.06
nansulugne 0.04 NN4NIDIUVIET? 0.28
HoBauuudn 0.08 avinAIuTe 0.02
Houvune/idenadn 0.12 seawnnlu/Am 0.02

fis: ANSI/ASHRAE standard 55, thermal environmental conditions for human occupancy 1ag American Society of
Heating, Refrigerating and Air-Conditioning Engineers [ASHRAE], 2023.
(https://webstore.ansi.org/standards/ashrae/ansiashraestandard552023).
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PN 3 LAAIDRTINITININAEYVDITINBVDILRaZAINTIHIUAILUTNITORNMAINY

Activities Metabolic Rate(met)
Walking 4.3 kph (ASHRAE Fundamentals) 2.6
Weightlifting (ACSM) 6.0
Stationary bike 100 watts (ACSM) 6.8
rowing, stationary, 100 watts (ACSM) 7.0
Running 9.7 kph (ACSM) 9.2
Running 13.8 kph (ACSM) 12.3

fan: ANSI/ASHRAE standard 55, thermal environmental conditions for human occupancy ag American Society
of Heating, Refrigerating and Air-Conditioning Engineers [ASHRAE], 2023.
(https://webstore.ansi.org/standards/ashrae/ansiashraestandard552023); ACSM's guidelines for exercise testing
and prescription Ine American College of Sports Medicine [ACSM], 2000. Lippincott Williams & Wilkins.
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AAUAUIBNIIYUNYI

ilannzinaueiiddy fie PMV (Predicted Mean Vote) fernauyfinisadamansiilauian
mnaﬁlsJﬂ'wﬁmaummﬁﬁﬂﬁiaamwmmﬁ A PMV ususdanzenneluaniniandon wasiusslowd
Tunsiasizianisutaute deldiugisunsmans 0819 ANSI/ASHRAE Standard 55 (2023) léa3ns
ASHRAE Thermal Sensation Votes 7 s¢AU wazsuanasa (Bedford, 1950) @519 Bedford scale 7 5¥#v
Fomsaeauuitnadniilulufiemadsfusarundianmsaldifunsmaunuiy vieldiuseuiouiule
lagddaniiA1eg sening -3 89 +3 WoUsiseRunuauIeAe -3 wun (cold), 2 1w (cool), -1 1fu
wdntdon (slightly cool), 0 Unfi/aune (neutrality), +1 suguidntia (slightly warm), +2 augu (warm),

+3 5au (hot) #dlusise 4

A1519 4 MsilSeuiisuinaeiinsesuanuauly

ASHRAE scale Bedford scale

Hot -3 Much too warm -3
Warm -2 Too warm -2
Slightly warm -1 Comfortably warm -1
Neutral 0 Comfortable 0
Slightly cool 1 Comfortably cool 1
Cool 2 Too cool 2
Cold 3 Much too cool 3

ﬁzﬂ: Thermal sensation scale Ima ANSI/ASHRAE standard 55, thermal environmental conditions for human
occupancy g American Society of Heating, Refrigerating and Air-Conditioning Engineers [ASHRAE], 2023.
(https://webstore.ansi.org/standards/ashrae/ansiashraestandard552023).
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ANSI/ASHRAE Standard 55 (2023) laimunidinaanudssnisluanimeinie (preference

scale) Ineiliaidon 3 seau laun Saudu (warmer) llluasuuas (no change) uazifuas (cooler)

Without

Cooler change Warmer
)
O O O
-1 0 +1

AW 1 Preference scale
fisn: ANSI/ASHRAE standard 55, thermal environmental conditions for human occupancy 1ng American Society of
Heating, Refrigerating and Air-Conditioning Engineers [ASHRAE], 2023.
(https://webstore.ansi.org/standards/ashrae/ansiashraestandard552023).
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PNATNUMIUITIUNTITH Il tensailinaanuauieues ANSI/ASHRAE Standard 55 (2023) waz

a o
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N18UB9 ANSI/ASHRAE Standard 55 (2023) Wagdn3sIN1THINAIYYBIT1NEE 0ONAIFINTEVDI
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1ne5Us19n18 AISaL ArduauIuInE@ei wagdnsINSININANYUDIT19NY
Inauusnguduraiuve ANSI/ASHRAE Standard 55 (2023) lsiun Thermal sensation vote 7

pufsruidniitedinszsiannizinaune Preference scale fiuiseudesnisluanimennaiiielvio)
Tuanmethavis Seisaesdiaiinieatestutiatoannsihavisfidugumgionnia aanuduauiu
doringoanidaniovas ANSI/ASHRAE Standard 55 (2023) Faiisadestutiadvaniiznaursiifuen
aranuauudern Sasmswinangyuessmereeniidnisves ANSVASHRAE Standard 55 (2023)
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uSE ACSM's Guidelines for Exercise Testing and Prascription HaBI9N ANSI/ASHRAE
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I o e e e e o e o e o e e e e e o 2
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1 o +1
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1fuss biReuulas Fautu

Preference scale

AN 2 NFOULUIAA

fouvesiaty Snvuasndiy (2556) e Aanuniseeusuan we ne (acceptability scale) i
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Thermal enviranment survey
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178 9N ANSIFASHRAE Standard 55 (2023)
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7918 99N ASHRAE Fundamentals (2023) uag ACSM's

Guidelines for Exercise Testing and Prescription (2000)
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ANSI/ASHRAE Standard 55 (2023)
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American College of Sports . -
U5uenie 20-22 e 60 -
Medicine (2012)
International Fitness .
U3uene 18.3-20 40-60 -
Association (2016)
Chongyun Huang et al. (2021) | USueine 22-24 50 0.2
Usuwazli | Tdone TN . R
Chenyang Jia et al. (2022) . R _ | Wennmsssuwnd
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VBULIANTTIVY
YOUANTITEAEAnwIMENIageuIATeileinanIsthaugveeanmane mugluiunisnsiaia

annrenia lngazyinuuuasuauiugeeninaenefunlduInigi FBT Fitness Center a1ansyds Manain 25 au

Tngduaungusiiegns Andusiuan 15-30 % vesinunudldnuiannsasesiuldlugiaia 15:00-19:00 w.

AN 5 FBT Fitness Center a1ansgdq

WAy
ATanfuUsiisianinadeanazinausvaseanidanie
Taevhmsnsainuinuigesnidameidsinfanssu
- grungiionnia (air temperature) lia3osiloTaguugiiuaraudy testo

- ANUAUATNS (relative humidity) ldia3esiloIngaumaiiuayanuiu testo

2 . . v A A o <
- A58 (air velocity) Tdiasesiiainniuisiau

1919 6 uaneseasiBenvedgunTaliilinsininduusniiBvinadeanivinauievesieontdiniy

L. , . , y . AR
8119 P9N15I0 ANAINUAAIALAZDU AThTU .
arloun
Testo | -20to +70 °C +0.5 °C Ingauunienie 0.1°C
Testo | 0 to 100 %RH +3 %RH @2 to 98 %RH | TAAUTUELNS | 0.1 %RH
From 0.15to 3 m/s + 3%
0.01 m/s
of reading + 0.05 m/s . -
KIMO | 0.15 to 30 m/s IPANULIIALU
From 3.1 to 30m/s: +3% of
0.1 m/s
reading +0.2m/s

fian: Testo 176 H - Temperature and humidity mini data logger, (n.d.). (https://www.testo.com/en-TH/testo-174-
h/p/0572-6560); Technical data sheet hotwire thermo-anemometer VT 110 — VT 115, (n.d.).

(https://sauermanngroup.com/fr-FR/instruments-de-mesure/appareils-portables/anemometres/vt-110-vt-115).

WUUFBUAINANIZUNEUY
fanuiildlunisaeunu nudeyaniugiuvesngusiiegns liun deyadiudivengusiiedie 1y
wie 918 (WiUawmederviuuuasuniy) deyadnsinisinmaigysnnewazainnuduauiudednve

N v

panMasne ua Teyasviivsviliuauianildluiuuasuay dded
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- \A303i089 ANSI/ASHRAE Standard 55 (2023) #i Thermal sensation scale 7 s¢du léiu -3
#u (cold), -2 18u (coo), -1 wfiuantas (slightly cool), 0 Unfi/auie (neutrality), +1 augu
w@ntion (slightly warm), +2 augu (warm), +3 $au (hot) uaz Preference scale 3 s¥6iu Lol
+1 %@usﬁu (warmer), 0 Tsliasuutas (no change), -1 wfiuad (cooler)

- \3psiioves Avte Invasnily (2556) flo Acceptability scale 2 fudon léun +1 vousu uay
0 lsdgansu Humidity scale 5 seaiu o +2 Fuann (witeoen), +1 Fu (i), 0w (Fdaune),
-1 wits (ldaune) wag -2 wisnnn wag Velocity scale 5 sgoiu lon -2 laifiau (eudniann), -1

laiflay (@Ud), 0 luiflaw (FM&aaue), +1 Saudndey (Frdsauie), +2 auwsaduly (sunu)

dsduazanusiena
nnmsdrnaiudeyasmeirieaisluaniuuinisesnidinme nsdlfinu FBT Fitness Center a1nnszds
nyaymuIuAs tgyhmsnsaingumgiionnia arwduduins wazanmdran iusiuiu 1 u lurdaanan
15:00-19:00 u. n529¥mdusiedalus adudranariifiauoonddanissiuiunnn 1iedsd gungiionnia
(air temperature) Tneiadedl 27°C Aududusing (relative humidity) \asfl 53%RH AUSIaY (air velocity)
Wwasd 0.35 was/Aud nn1smeukuuasunuluaniuuInisenfidsniensdAnwn FBT Fitness Center
a1anszUs NTaMNNMIUAT InBYUUUAEUA UM INBENAaINELESY dneuwuudeunudumnAyiesesay 80
waidumandsdosar 20 01y 18-35 U lngldnavesuuuasun il
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