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# # 5673553725 : MAJOR ARCHITECTURE

KEYWORDS: THERMAL COMFORT / VIEWS FACTOR / LEED / OFFICE BUILDING
PABHAJAYA PRANGSUWAN: RELATIONSHIP BETWEEN THERMAL COMFORT
AND QUALITY VIEWS OF LEED GREEN BUILDING IN THAILAND. ADVISOR:
ASST. PROF. ATCH SRESHTHAPUTRA, Ph.D., 102 pp.

This research studies the relationship between thermal comfort and quality views
of LEED green buildings as well as factors that affect suitable thermal comfort for
Thailand’s office buildings. Besides studying related theories and research projects,
research was conducted by selecting three office buildings in Bangkok as samples. Data
were collected via 400 office workers by questionnaires and physical measurement in
sample areas. Opening view areas were divided based on five levels of view factors: view
1 and view 5 representing the smallest and the largest opening view areas, respectively.

To achieve LEED version 4.0 criteria, acceptable view factors must be at least level 3.

The research found that opening view areas relate and affect the thermal comfort
of offices in glass buildings. At view 1 to view 5, the Actual Mean Votes (AMV) were -0.28,
-0.10, 0.17, 0.41 and 1.04, while Mean Radiant Temperatures (MRT) were 25.08 °C, 25.64
°C, 27.52°C, 29.62 °C and 30.56 °C, respectively. As a result, office workers reported that
views 1 to 4 gave satisfying conditions at daytime and within the comfort zone, while those
who were seated at view 5 felt slightly hot, reflecting higher MRT than other view factors.
Moreover, view 5 in the west was affected by the highest average MRT at 31.50 °C,
followed by the east (30.26 °C), the south (29.78 °C) and the north (28.77 °C), respectively.
In summary, views 3 and 4 do not lower the thermal comfort according to LEED criteria
V.4 for glass building designs. It is suggested that view 5 should be positioned in the
directions that are not directed to sunlight, namely the north, or complemented with

shades to filter and prevent radiation.

Department: Architecture Student's Signature

Field of Study:  Architecture Advisor's Signature

Academic Year: 2014
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39109 lupfanidedninsuaaiuazganialunisdn Amiinisdisalanizinen
NUANRUSUAZEUIAN 19817 09.00-16.00 . AuuARAN1NNgdaes ludasdfadiu Ina Gy

TaFeaNAAUTasAmNauRY we ldamnsnArLANTagaIN s InnLuaule
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1.4 ﬂuqﬁg’m’lumﬁ%@

View factor ﬂﬂﬂLﬂm%ﬁm flN@lﬁi’r]ﬁﬂ’]’)ﬁﬂ’]ﬂﬂ’]ﬂ‘ﬂ@\iWﬂhd’]%lM@’]ﬂ’]ﬁ“iﬁﬂﬁﬂ\ﬁu

nszanlungamnamuaszely atngls

1.5 sziligulgas
= Ao A o o T = o ) prp ' |
1. Anm1auddanifeades nienvivAnwfaulssine] Nlnafeanidziiaung
meluenAng wazinasian liiade Quality Views
o ! o oA = PRIy = v X 4
2. nuuAngNUszaINILATARLAaNNIUAN N LT luN13AN AT T981AT
R ~ o oo v o > X ° ~ ° = '
nslAnENANAUATIMUA IR UIINAYN 3 81A19 auautlszansiaziinisAneag Ty
NANFNUINUIUIAY 400 AU

aal o ©

3. 38n199nA199 U U AnEFa83BN19RIATARUUYRN ANNTU ANLTIAN

gUNNANITUENALRAY ANNAIWILINTNIN9IuTRIdan MuA view factor waznisld

|
=

LULAALNNN A1UIUTUNA 400 4a TuiFasaruianFaunung nnsusanie Aanssu uay
a @ v | =2 :;IJ dldld < ¥
ANNAALIUAN U NNBIT AN TunsasAnENunAN LYy a
4. vhdayanidazinanNata soniuneian luiada Quality Views
5. AATITRANNANAUSTENINNAN1DZUNALLATAATENINTBIDIANTLTLIFNN
o
INOUTIAn
6. LAUBLUZLUINIINITAANKLLBIAIANTNIUNTZAN TUNgUNNNUIUAT 71
aanAdasiuinoian luiade Quality Views uazetludasanisziraunaimunzaniu

AGA!

1.6 Uslagunmmdnazlagu

1. v lsmaunanmgian V.4 luiade Quality Views waziladandinamaaniazun
ALNEUDINTNIINBIANTEEINNUNTEAN TUNFUNNEIUAT

2. M lEnsudemnuduRusszrdng an1azinaune uazden uuad Ui AR EN N
18981ANIANINITUNTZANANKLNELTTAR

3. M limsunauuanienisaaniuiaiAnsdntinaunszanlungaunnamiuag 19

Anannziauneaenpdesiunneianluiade Quality Views
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UNN 2

N RYUATINUIENLNAITRY

2.1 @N19EU|Ue (Thermal comfort)

o o

ASHRAE 819 A1aiaAnaes an1azinauis (Thermal comfort) 1491 Nawla
Y a = = = | % y -
nesnuanlanuanseanivauienalassaniazuandannieaufauneslywed 1o
= » R . ' 12 A Y ve P
winefsanmzwndannau kiidndnag luaninldaune lifdanuuviseldiuaanuieu
ananmiandeniniiull uannzannaniegungiszudiedaniaiuanioziondo
(ASHRAE Standard 55, 1992)

Givoni lilANaRAINI8Y antaziaunal3dn desaninanAnuysdiandiun
aunsuazeaniulinialuenans Inglifantanuliauiaainaannfeuizananumunale
dI %4 :// ¥ A 1 A 1 a o o
TannzuIndaNtuaInisouen lidiANinauiavite liinedsviinaindszamdnda

P = e = P o £y, :
199nU IneiwiazAuazlinuianfaunun wazaanianala ldiiauiuieuddnazeslu
A07UNYTe IR AWARIN (Givoni, 1998)

asAntsausialan lenaqldan anazihauisdanaadesiuguninasanise

= ] 1 1o =2 ' PGS :J/ | a o

e aus ldfTen uidssantalundansnanidanvesisinenie aala uazanindanna
\ueeiinansae (WHO, 1946)

gauqnlazasd lunisliudeaninzuandeunispanieulminaanicziiaunatiun

dl v 4 = =] =3 o v i’/ dgl 1 1 Y a e

e liauiaonidanauis Aewaladuaninuanden vallazdqanelimindsclagiuay
dszAnsnininnatinauinaesnyedfaanmieaniauazasla sonlddanisiEaug nnsineu

A o

waznsldaouan Wennlihlfuldiunaetedavsaannsdniinanuazaaain g ldau

) Ry gy
WQ']N@?J LL@:Z‘NN@Wﬂm@ﬂfltlﬂqwm@ﬂﬂqumi@

q

ann1sAnE2es Fanger Wl 1970 wudmpuianiazinaunailsenausos 6 5

A o % % o % 4 U
wils Aa FallseuaNINIIAREN LL@ZMQLLﬂﬁ‘@’]uuﬂﬂ@ 1®LLﬂ
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1. gEUUA8INIA (Ambient air - temperature) gaungiainiAduadosuaniy
Anwouzaninaedanianieluies uaraauFanFeunninaeuysd InaiaA19m)RaN
wniinllaziniianuung widngauupinganullfasinlifinmnuidnieu uarazdes
sinanazinaung M lisesdnisliuaniazuindenliiag ludasioanduls n1eingnmnd

¥ o 14 ada A ¥ @ o ! -dl
PB9NIARATANTNUWINABNAINITOTN LA 2 35 Renisldiscamdndasessnaniy delne

6

Unfgaunnisenievesnyetazegilszunns 37 asrgadiad d1guunivesainiALas
v 1 1 v 1 1 o YR v 1Y a 0' 1
ANTNUINRBNFININFNE ANTaUAz TNt TaugIan1ein AN Tau UANgUURNAINGT
a ] 1 < 1 v Y o v o Yy
AUNYNRITNNE FenefazatalaupniauliiuaInIALa an 1N wIRaau i1 bizan
AU WAN3TRTTsLANNFauMUNaIne 1FUssandudaiiuanaas e nanupnsnaiuly anu
=] ] a ad dl A k% dl A [ a 1 a o‘ﬁl
ANIANTRSIWFAT AU BNTEUilNARNI1 lATesN e luN1MTngIug R [iY nesluiines Teay
ANNTDLAN AN ]RGN INANA LS

[ %

2. 9UNRNNIUNTIALRAY (Mean radiant temperature) Wudaulshddnylunigmn

2

aa

ANNIIAINFUTBITINNIEAY T UNYRN19UH T AR A AN AUs A LB A uFauR
IAFuanNuRuazANNaINIIesian lun1sgaduiTelldatAnnFaueany guuuninig

1er al all =® 5 1o a ter al dy a 1 = o o Y
LLNN@L@@H@Q?JH@EIT’]U@MWJ’]NLL@Zﬂ']'i‘LLNNZN?J@QWUN'DIﬁEI?@ULTML@H')ﬂUﬁ@@E@’]%HNN@Q

u q a
¥
=

A (=3 a
$7RUTNIUNNILTUBINUEN

A o a

3. ANNTUANANS (Relative -humidity) Aadndruaasuaalatinluainiangumug

3

uilssialatigeganainiaannsniuld anuauaziinouddAnysanisssmadaaeaialy
$19N"8 ANTUANTINE NN zaN gLz Fasa 60-70 TunauuItarAIANANTNS
AN NN3szmafagein WAANNstnemAnnFauaanaInienie azfanliaunssiauaziauia

danlugpFewsazidndnfeusudauaziinanauluainiAuin

4. ANL3IAN (Air velocity, Wind speed) Ae8RId912895281EN9AR MUY

o 4 dnd de o  ava - Y da o

1 wraa AUl Teaunwanusenigazdoa liiinn1sgodaaonufaunianiis
1’/ v a v d%/ o YR [~1 a 1

99NIANTRUIALTIAL LATIAANIFITLIEAINTIUNINTUNN TAFTANLE W LaziNAAN19zUN
X \ - o ~ Ao Ay a o § v a o A o

AUNEIY uiAdsHAMTaNwen Tunvrateniiulil azvinTiiAnAuianyvise §an

anenle
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= 1

5. §MIINITLINANGYLBIFINE (Metabolic rate) Huuaeiilu Met Tngl 1 Met A
WinAL 58.2 W/m? (18.4 Btu/h-ft2) I9aziiniudnsn 1anannasuseniog wuininaeau
LA e ¢ E e P R SRt P .
Minllnieiney Inaaiuisadaandundeeusdeniianasiui Inaiuntoaesauialy
Uszann 1.8 m* (19 ') §RIINI9ERANTYIBTNNBAZ AR T T8N BN WA TRINUEY
$19n1899% Tneaueg FUANHIEI99RANIIN LTUNITUN LA 39 WO 88NAIAINIY UTD
V11971 FEALNANIIN 1 Met aziinisgeyidaatinianaindeniaiszanns 100 4ns T9uans

AR NI AUNANITNLAZARTINNTNINATTY 199N 8 TuA97199 1

AN 1 LAAFRBLINNTEAUAANITNLAZ BRI INNTLHINANTY TB4T NN

Activity Met W/m?
Lying down 0.8 47
Seated quietly 1.0 58
Sedentary activity 1.2 70

(office, home, laboratory, school)
Standing, relaxed 1.2 70
Light activity, standing 1.6 93
(shopping, laboratory, light industry)
Medium activity, standing 2.0 116
(shop assistant, domestic work, machine work)
High activity 3.0 175

(heavy machine work, garage work)

#A1": Human Thermal Environment: the Effects of Hot, Moderate, and Cold Environments

on Human Health, Comfort, and Performance, p.209.
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vy A

E | a4 v o, @ X
6. 1@adnnan’ld (Clo-value) AarnANFNUNIUTaAIANMIT LAWILTBAAS AN |
wiaedu Clo Iag 1 Clo aglAWINAY 0.155 m2 KW (0.88 °F ft2 h/Btu) Liautvinfiug e
4 4 4 g o d A e
NINZNEN9 LABWINENY UATIABARN 9A1 Clo 1adtdai naanldaslinuuansnei
@ 4 Ao o P PP o D |
waziiludaundnAtysieannidnaune maziiuausunalunisiuacnfenuasdoslunis

FnenguunR B9 NeNETRNGUAT Aauansdanteluasnem 2

AN 2 LARAIFRatiN9AIANNIT UL IRL AR

Clothing ensemble Clo m? K/W
Naked 0 0
Shorts 0.1 0.016

Typical tropical clothing outfit
Briefs (underpants), shorts, open neck shirt with short 0.3 0.047
sleeves, light socks and sandals
Light summer clothing

Briefs, long lightweight trousers, open neck shirt with short 0.5 0.078
sleeves, light socks and shoes
Working clothes

Underwear, cotton working shirt with long sleeves, working 0.8 0.124
trousers. woollen socks and shoes

Typical indoor winter clothing combination
Underwear, shirt with long sleeves, trousers, sweater with 1.0 0.155

long sleeves, heavy socks and shoes

#Ax": Human Thermal Environment: the Effects of Hot, Moderate, and Cold Environments

on Human Health, Comfort, and Performance, p.209.
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nsuanilasuAanFausznduyEduaranInuinded Lunsruaun1snienie

in8lauANFUNIATWAN ERIINITLHINANTYIBINAN T URAT A 781N NN LA FL

aan'ly Wedqeineguuuginialusanialianga tasdsnfsanisazinisldndsany

dszurnfesar 20 lunisldeuwinld uazfesas 80 aziflunisdnainadufeaneang

anmwIngas (Koenigsberger et al, 1973)ANdnius1a9n17uaniLagLANFausesndng
Gy ¥ 1 4 o t&’
nymtuazan uInden wivls 4 dssinn fail

= ¥

1. NNuESIR A NFa (Radiation) lunisanamadnFaulaslisaaiufnana

al 1%

a7 1 nsune@aanfauiiinanaweniing lnandenieuaringsie) azgaduaciy
1% 1o & MYy 1 e
Fauannsunied i lfsiviniu

3| 1 % [

2. N13NIA9NERY (Convection) Lun1saenA NFanluddas N uan Uy

2
a ' a

PBUNAILALANT mm?@mﬂé’fuﬁ@qmL@ﬂ%u@g TupANANAUS I UM AN UR LAY
GRIRTCICHERT

3. N33zt (Evaporation) 1un1saemAnfaueanaIndeniaaesyeeing
dhunsBavinduide uaznanisnela

4. n1311ANFaL (Conduction) nstnawmanuFaulnsaiufeunianmngigeas

e st nugiaind Wludnsunistiemanuiaulaanssaindmguilell

q

4o 2y pd e InsiEs o y :
Feazwiulilu nmd 1 Nuanadsauduiusuaznisuanidasuaaniausemudng
NyEETUIANWWIAABNTIN 6 Filtls NdenasianuFAntiaunsLazAdsinatiat sy

NITUIUNITADNLLIL
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A
Convection Q
] Sweating \ 1‘// V -
evaporation / Direct solar
Infrared radiation ” _ radiation

Brealhmg
<—>

éﬂecled radialion Reﬂected radm?
w %{1 radiation

Infrared radiation
C H External work
onvection l..“W conduction

il 1 nswanidasupnnfeussuaneseniaNyseiuan wuInden
P11: Human Thermal Environment: the Effects of Hot, Moderate, and Cold Environments

on Human Health, Comfort, and Performance, p.34.

2.2 L IAAMEUIELE (Comfort Zone)

Tudnasrasaniniiag luaniazinaunatiugandnwaaninziiaung (Comfort Zone)

o 6 1 o

e A RNNTANEHILATALATIEHAINANN A NN UEILUI19FL99 6 aznvuAaanNILTluTg0g

W3aLUTI0Ma89 Comfort Zone Tedaulunfanaune lufauvzauunnauiinll Comfort Zone

v q

|
=

Hugasilszannidilfainnisise waylifanuududafufuiuen aumeiiesannsaulsdu
fiuasopauFAnFaununa 1y AnEnzmianienn Aedniaanld Smusssu Aanssy
ANNTALILATAYNAWAL TBSUAAZAAA LTTWEW usatingls Comfort Zone fiflunnsdaasin
Weenuuuermsldfidssisnuiiazaunsnsniiu uagdinazfluanineinidees
ﬁm?{uﬁmﬁﬂizmﬂﬁuj annsntin M lueenuuy sideufudsaudle e ldannuanden
mﬂuﬁmmt,uuagimm (UNT YTYEUNBNNT WAL SURA AUAITIA, 2536)

il 1963 Olgyay 1é’ﬁmiﬁﬁﬂ@é¥ﬂﬁqLLﬂiﬂﬁugmf”T\‘i 6 N1NUWA Comfort Zone 1
pel IRTRIITATE Y Lﬁﬂmeﬁqmqwmmﬁﬁuwuﬂumm@quiuﬁmﬁuﬁuj sauTang
Usuilgsanmennisiielfifaaniaziiaung 3andn Bioclimatic 4 Comfort Zone atlu
anunRszaing 21-30 aeATaiFea ANTuRNIMSRgsrinadenay 30 - 65 Taiflauia

s war Tl A gUngANITuHTIALRA SRINITHINANTYSNNELT 1.2 met — value uaY

3
1

@atnnaanldet# 1.0 Clo — value (Olgyay, 1992)

a



23

slaxnT) 1969 Givoni MiinMsWaWILNWNH Tsaun stssiliuAannzhaunalas
wuztinAannsluniseanuunenansdndoa iy Ganununiilvalildn Buiding Bioclimatic
Chart 11aq1is ASHRAE Standard §n131§u1lge Comfort Zone meﬁwumlﬁ‘ﬁw@muqﬁﬁ
AUNEUR9AN Clo 1.0 Aia 22.2 - 26.1 asrndaides (72 - 79 °F) el lduanansatian
\unaignsdetaeluniseanuuy LLmzﬂﬁ*ﬂéﬂ”ﬁmmwmeﬁfauﬁuj 16 (ASHRAE Standard

ANSI/ASHRAE 55-2010, 2011) saiinanslunini 2

RELATIVE HUMIDITY (%)
80

100 60
When applying this Graphic per Section 5.2.1.1, the following limitations apply: 020
 Applies to Operative Temperature only — cannot be applied based on dry
bulb temperature alone. See Appendix C for acceptable approximations. 024
* Applies only when requirements of Sections 5.2.3 through 5.2.5.2 are met
For other compliance paths, see Section 5.2.1.2 for the
Computer Model Method and Section 5.3 for the oz
Optional Method for Naturally Conditioned Spaces.
For further compliance requirements, 020
see Sections 6 and 7
40
018
3
2
016 E
o
&2
014 >
o
=
°
012 £
<
3
010 g
20 35
T
10 008
Comfort zone moves left with: Comfort zone moves right with:
* Higher clothing * Lower clothing 006
 Higher metabolic rate * Lower metabolic rate
© Higher radiant temperature * Lower radiant temperature
See Section 5.2.1.2 See Section 5.2.1.2 004
002
= 000
10 15 20

30 35
OPERATIVE TEMPERATURE (°C)
(% Dry bulb + % MRT for still air)

AN 2 WA Comfort Zone 184 ASHRAE Standard
N1 : ERRATA SHEET FOR ANSI/ASHRAE STANDARD 55-2010 Thermal Environmental

Conditions for Human Occupancy. August 28, 2012

2.3 NN9ATUIUAIANIZUIELNE

Fanger M@RN131L@1aN1TAN UMM AN aN Mz ndungresrring Idaun1sannsa

ZI/ o a 1 2 1 a a 1 al dl
uils 99 6 Aautlsreanquanioziiauns lAun gouunienia gouminisuniediaqs
dQJ [ '8 < a d’j v dl ] v o a '
ANTUANANS AmFan Nangsu wazidedndanld ldafeuuuanaesnatinA1ans

WuAnsainlduenszfuAINNALNEIa9AL ABAT PMV (Predicted Mean Vote) Az ldnniiue
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JAuAzULIMTaiau T9A1 PMV azgnuiieantiu 7 sxfu Aeus -3 AenuaNinie 3 Ae

¥aunn waz PPD (Predicted Percentage of Dissatisfied) AaAT9LTNN0 5088220997191

pulungunfanliavnsuazlinelaluaniwuandontu Tnadn PMV uazAn PPD Azl

o o o ! > - = vt A o2 ™ =
ANHANAUS UL AN PMV Winril 0 wizausnadepuiAnnauianaung laifaurisenunn
Al wAazien PPD azvindu $asass5 1uAaarlALU 49Ul ss81d 5% 1899110 UAY

Manunazianliaunsluaninzuindenil (Fanger, 1970) Aauansluning 3

e a0

- Moy o
o =~ P
2 &0

- N .
8 g

= . 7

w 40

£ AN /

s ” N A

S 20

s

S 15 1
2 !
2 10 .
T & /

k7]

5 B

e 5

o a

-20 -15 -10 -0 0 05 10 15 20
Predicted mean vote

AR 3 ANNANRUSILUINAATEE PMV WaZANSTT PPD

N Fanger, 1970

TINNHI 1SO 7730 Hn1sinuuaA@aanIsianaanildeslugas PMV 71 -5 Dis
+5 § PPD otz 10 Adudail PMV wazaail PPD avtilusntisianiozannialy
% = a '8 1 v all 1
annwanden uazilszlomilunisinszivianioziiaunals Inaasunisiidaslunng

ANITUNNAT PMV azAn PPD ldannannisaail (ISO Standard 7730, 1984)

PMV="(0.303e "™ +0.028) [(M — W) - 3.05 x10” {5733 — 6.99(M — W) — P_}
-0.42 x {(M - W) - 58.15] - 1.7 x10” M(5867 - P,) — 0.0014 M(34 - )
-3.96 x 107 {(t, +273)" —(T__ +273)"} —f h_(t, -t)] (2.1)
mm:‘ﬁ
L= 35.7-0.028(M-W) —0.1551_[3.96 x 10° f_ x {(t_ + 273)"

—(t, +273)4) + 0 (1, —1)] (2.2)



Wa M AR ARTINITHNNAtYRITenie (W/md),

2

o

W A seAUnansss (W/md),

A

P, Aa A Nauletnluania (Pa),

A

T A8 oouuniniaudisdiaas (°C),

9 a

. A9 SR9AIUIDINURNTBIAL,

-

h, Aa ANdNLlsyANENITNIAINFEU (WM’ K),

o))
0]
3.

NANIURUNLAIBILADEN (M? K/W)

PPD= 100 - 95 exp - (0.03353PMV" - 0.2179PMV?)

25

(2.3)

5 unsivdeyasninzundennialueinis Nldlaanisinguuntaedainia

AHTUANTNS ARNHLTIAN LazgUnYRNITuNssALens wianvslduuuaauniuivalings

FnatinalAlmanANEANTIgUUNINAINNI19RIIATAA3T (Actual Sensation Vote: ASV) Tagl

14 Thermal Sensation 7 Scale 3nTuan1aztiuianacingls Fauvisanunn uu Tnadredaun

91N ASHRAE Standard 55 (1992) N7l 7 9261 Aamns199 3 wananniuuugeunns

il fagunrnzaunNFasANAaInIslsuAsuan wannAle Tl

3 point Mclintyre preference scale TA1319% 4 (Mcintyre, 1982)

m1919% 3 Thermal Sensation 7 Scale

ATal Wi GRS QNG AL Aaud19gu gu

5o

-3 -2 -1 0 +1 +2

+3

A13799 4 3-point Mclntyre preference scale

LT Tlulasuulaq XRUAU

-1 0 1
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N19671 ASHRAE Tdin1siinuaaniazinauialagnisd1s9anonuaniuuay
Usziduannuianaangusnatilnamnueinislezs iy wnnngudaneng 90% JAuLiugd
haunauazeeniUld waziednannuandenduerlurenananinzinauns (ASHRAE
Standard 55, 1992) fauanslunanadi 5

Li’]mmﬂimmqmmmmﬁmﬁﬁ@iﬁuﬂ@fh 80% 10EBtj/aAt waNNndil Az

Fdnnanalafuaninuandan aliinaniuatan1einigRawlaasansaldn 90% way

a a

2=

faaurrnaanlizanlinewalalean 10% annan nuinaanluyiasnutiu wanainiiany

a Q

a v

wazinAfdsEasean19zinaune e duiesedn19gun)RgInITwATIE 1 evAgaEa

v q
'
a ' =

LATLAAATIBNENINNGN FRIN19gauuNRgeninyARaNengiaandn 1 aeamaLdes

a a Q

AN999 5 LAAIANINLIAAANUN ALY ANTaN1WA ASHRAE Standard 55

Optimum Acceptable
Season Assumption for other PMV inputs
temperature | temperature Range

Winter 22°C 20-23 °C ANTUENANS: 50%
ANAHNLIAN: < 0.15 m/s
A1 Metabolic rate: 1.2 met

A1 Clo: 0.9

Summer 24.5°C 23-26 °C ANTUENANS: 50%
ANAHNLIAN: < 0.15 m/s
A1 Metabolic rate: 1.2 met

A1 Clo: 0.5

An1: ASHRAE Standard 55,1992

daunn9AnnaafuANaINIsnIeIN U uan ns 1N s reaN e et T
ANIIZUNALNEATNANINEINIATUAINNE INT83F 19N 2Ny Mn19inaIu91 $19n18989
uyedarnsnlfuliueniuld anauAsdurasan Nl ndannatian At wsadmussn

A9ANNAUTU (Humphreys, 1994) Tnenuymeiaziliusn NAUNGANITH LAZANAIAUI

q

ARANIITUNELANUAINNTeY (Brager & de_Dear, 1998) A1N9113aeN174199aLna9iy
| | wal = ! YR PR o
anazthauislulszmalnawudn gnaunisAnengenduazgnaiarastliuainianialy

u
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tuaziinnuaInndsdiuanioziiaungresgung)inig lue1a13d18neumsesnns

arsnsnurlfueniAgendnyarangui il (Aade Anaasaniie, 2547) uenainiiuym e
a ndl o A&I v a 1 1 1 dl % A a
wqmm@mmzmiﬂ WalFinaanInzinaunesasanie iagnwainIAsanviranuiaill
1w N3l AnTENe NSt AE AN UNTNFNY UFALEALLAR NNFEIARAAN NITLAtIWLAAEN

9 dl o ndl a A&I A a dl v G [~1
N19818Aa074U7N N19USULUAYUAANTIN N1TANWTANY BIUW1TNT0UNTBLE U (Baker &

Standeven, 1996)

2.4 NRJMIANLNANNTAU MRT

gruuUNANITuH AR (MRT) duainnsndalagdntoadaaasiadnauiouind

£ '
a ] o a %

answasean NI faNlue :NDuaIuAntaeATIfae ANgUUNRNITUN TR IR Ty
A11130 AU LAR NN AR T2IA WA Tuiiee uazATuMaNTRgUuYINITWNTR
wade g ldyungzin (Solid Angle) T¥N319ANUNLN T899 AN TALAZIDULUATDIUA AN UEY

wianviainnIsuANRRsaaNNTugUUNTWNENA LAY Hannafall (ISO 7726)

MRT =T,F,, + T,Fo,+ ... + T,Fo, (2.3)
tﬂl A 1 a 1er al all
e MRT A8 ANgun)inIsukisdaan (°C),

T, A9 9uunRveasivuia N,

73
A =

F A8 Angle factor $¥MINLUAAARLNUEA N,

P-N
TunisAIuINIAY MRT Wi @a1un90ld35n193nAguuniina 14 Black Globe

temperature T4 1HgNUAANIINANNUAAIAIY FUIALEUNIUARETNAI 15 LEUFALNAT UATTIN

1 dla/ P o | o ! o a (-3 k4 o da,
ﬂ’W]'Jﬁﬂ@LﬂumQ“T]QEII‘LLﬂW?ﬂﬁuQM?QNﬂU@mMQN@Wﬂ’]ﬂ uazAuian tnglfannisaen

MRT = [(GT+273)4 + 2.5 x10° x V_**(GT-T )" - 273 (2.4)
e MRT A8 ANgUuYRNIswisaaan (°C),

=

GT  Aa A" Globe temperature (°C),

A A8 ANNNEIAN (m/s),
D A9 11A2849 Globe (m),
T, AB AUUNRaINIA (°C)
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¥

ANNNIIANHINIUIAY TUERINNTIATIZ AN U AL LAZ AN WU AR AN NN ENT A

[ %
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A1ineu Teeldudegtuuuaesaninzuondeneanidy 3 gluuudoniu (Bjame & Olesen,
2000) tneldinmuaAIANFnunIuAFentadefn luwsazng uaTAINIINRANTIN A9

wanalunn3en 6 TnenHaulauessn PPD waz PMV nnuualdlunnsned 7 (CR 1752,

1998)

F11979% 6 wansgluuuanAsdinaueesan1nzAsanden 3 suuy

Clothing Operative Temperature
Type of Building/ Cooling Heating Activity Cooling Heating
Season Season Category Season Season
Space (met)
Summer Winter Summer Winter
(Clo) (Clo) (°C) (°C)
A 24 .5+0.5 22.0+1.0
Office 0.5 1.0 1.2 B 24.5+1.5 22.0+2.0
C 24 .5+2.5 22.0+3.0
A 23.5+1.0 20.0+1.0
Cafeteria/
0.5 1.0 1.4 B 23.5+2.0 20.0+2.5
Restaurant
C 23.5+2.5 20.0+3.5
A 23.0+1.0 19.0+1.5
Department
0.5 1.0 1.6 B 23.0+2.0 19.0+3.0
Store
C 23.0+3.0 19.0+4.0

n; Bjarne W. Olesen, Guidelines for comfort, ASHRAE journal, August 2000, p.42.

FN3INT 7 WARNTANT89A PPD uazA PMV 1898010 Auindan 3 guluii

Thermal state of the Body as a Whole
Category
PPD (%) PMV
A <6 -0.2<PMV<+0.2
B <10 -0.5<PMV<+0.5
C <15 -0.7<PMV<+0.7

N1 : CR 1752, 1998
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factor AaUATERY 3 Wiaunnndnalyl Senumiu “Windows and Offices: A Study of Office

Worker Performance and the Indoor Environment” (USGBC., 2014) TnegeA1 View factor
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N 31 view angle 40-90 degree luanusd view 4 ﬁfaguum‘ﬁ'lﬁwﬁmﬂ Pl ¥ Atavilsrasivud
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windaatlaludnsuy 1an way Neaiulianysnlifinuiu § view angle 4-11 degree WAz
, 2 ~ & ) o o 2 X o = S,
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angle 1-5 degree Aasage NN 5

View 5 (view angle 40-90) View 4 (view angle 15-50)

View 2 (view angle 4-11)
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/l 7

/73 vnsw; L‘ \I;;wz_L V',E;lr ‘\

NN 5 FaeinesrALNSTlnyNNaNT AT WY 5 STAL
#1: Windows and Offices: A Study of Office Worker Performance and the Indoor

Environment, P. 48.
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