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NSONENANSAUNIUNTDUDNANTRIUNLILES

(Stein, Benjamin and Reynolds, john s.,1999: 120-124)
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materials in place at the site

77 2.7 usmannsrhemanafewriunfanenans

N Reynolds, Stein. Mechanical and Electrical Equipment for Buildings. p.123.
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g =3(U = AAt (ASHRAE, 1997:3.3)
-
L4
q A8 1T unuanFaundatinunsauamns wiat (Btu/h) wi e
(Watt)
U An AR5y ANE NTAIRIUAINNERUTINTRINIBLIANANT

(overall coefficient of heat transmission) #uag (Btu/h ft° °F)
%58 (W/m’ K or W/im? °C)

A A ﬁw‘h‘mmn?ﬂummﬁ'{ﬂ'nu%"auz\'qchu miael (ft) w5 @
(m°)

At A m’\uumnvi'mm'qmun“ﬁv%aamﬁm miael CF) 3 a K

or °C)

Tuaa  UTusanuFanulsiumiuAduLlssana deeinuatnuiensan  (U-

value) qoccu
1
Ua¥ann = S
R
“
e
R AD ANAINFAIUNIIAITINTR (resistance) wuqel (h ft*
°F/Btu) %3 8(m> K/W)
:’, & o v o o 1 £ £74
1UAD 1T UN17ANNTAULL SN RALAIANNATUNIUATNTRR(R-value)
q < :
iR

'
-

uanIdINTaLaIATINAATFeIlUT u A Fauinudngaasiaaiign
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NN9ANENANNSAUNIUNTAUBNANTRAUTLSIUES
(AUNT Yoyoyrdnne uar gualed Nadua, 2542 38-41)

' v a a;dld a o aildlal - 1: [ 4 '.3
anMsingmANNFRRaNInNgIN) R lUEWnTigaungian Andu

U °

i

° [ -l e‘ o L% d' ' o =l a
amFunsidnszanAInniiidudureansauaAng NANWANFIE

=2

Wgoungfigeazan
9 U UG
d'- v v v o
nsznuiidansvansuuen AnuFeuusdiuarasieunduligniawan Taansniuaznis
1os v ' < 14 a v 5
wiFad Anfaungauazgnganawenlinieluluenasesiiafrunannsyan anntupanu
Fouavgnaerinuliiimeluenas lnanmstinacafeuanluanasesiadulunszanlilds
Tuanaresenianialueiats nisihaufeussndneluenasese nid nswiausau

HIUBINTA WATANTUHTR A NFaUEINEINA

aounniiniely

auUMNANBUBN
% Y q Y
nsLan

Sedionhatl

Q&Iﬂﬂﬂiﬂm

Seiprfindfignasioulasnszan £
s"oaﬁgnsimmnszan

A N mmbawiau
MIWIANNIaY NMIWIANTEU
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NTzan. 2542, win 28.
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" iudsurznnTunuanuFeuinudiausestesuassagiscooling load temperature difference / solar

cooling load / cooling load factor (CLTD / SCL / CLF) (1993 ASHRAE fundamental)
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A9ull59a9 LaAIANNFUNUS LAAIRNNNT ;

g =x(U+*ACLTD (ASHRAE, 1997)
U A8 A" U-factor 189n3¥an

CLTD A% A1 cooling load temperature difference 199n3zan

:’: < a v o i '
HuABLT uNTANNSAULLSHUANNAY  U-factor 184n9¥an  L&ANINSAL
dy v al ‘i‘v dl dl. L 4 v ' ¥ L7 ‘il
2IATATI4UNTTANUALARINA U-factor ﬂuﬂﬂﬂQﬁLWﬂlﬂ ﬂ’J'\Nﬁ‘ﬂUN’]%W’]éﬂ’]ﬂ’]Nﬂﬂ'ﬂ
an
|
4:: o ) /] c‘i’v Yo a a v
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WHFATR9A2907 9IRS TeauTaudauTaNNIsuaAIANNANNUET 9T NNtuAd N TR UNENY

FRILAIANNDNENAVDITIRA9DNAE LT U9

g = A* SC * SHGF * CLF (ASHRAE, 1997)
ile
q A U5 1nnupanufeuTid e unsaLIanAnT Mg (Btu/h) 132
(Watt)

A e fufleanszaniinonufeuseing wise (i) wi'e m)

SC  Aa duilsz@nd nstiwmn (shading coefficient) Taifiming

SHGF A8 maximum solar heat gain factor wqel (Btu/h ft') 3
(W/m?)

CLF A8 cooling load factor lifiniae

Ao UT unuanFauulsiunuAdulss@na nnsliemaaeanszan(SC)
q < SC
1 1 A=lld v - - v ' v 1 v d‘ [ %3 :’/
waminTeaINAarFAaIllT uuanNFauiwINga AN TiReNgn Ay

pr ' a o o a 2 ' IS o v -
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auduniandsAninannisuifidanufeunduaugriasiinaunansi

1 < 1 d‘l 1 k% o dll o
way 9ANLEUN RN NI EndIa e wi U M luanansg

RINANENAUBY  sol-air temperature (1997 ASHRAE Fundamentals
Handbook: 29.15-29.16.) IuuNERa “the temperature of the outdoor air that in the
absence of all radiation changes gives the same rate of heat entry into surface as would
the combination of incident solar radiation, radiant exchange with the sky and other
outdoor surroundings, and convective heat exchange with the outdoor air.” (2001
ASHRAE Fundamentals Handbook) gauwjiisusiAasainianaafuiadasnnlsiiianing

a o d‘ o a all o v a ' % 173 < '

AMNUABINALUATNITUANILIR 8UTIR mzw'l'l.mnmma‘mﬂmm'ms‘ﬂuwﬂzjmm?mﬂumﬁ
o -i.dn = a o = = La a; v o 9
NUANNITNUBNENAAT IRINTARANBWAL  AnnisuanilaauainnFaunuviesfnaingnin

LIARDUIALAL ULATAINNITHNLANAINEDY TIAIUNTOUAAIULAAIAI TN R UEFIdUNTT

* R
by = b, (ASHRAE, 1997)
ho /70
\e
¢ A Sol-air Temperature wuael (°F)
< a ' (o]
t, Af gruuniaINIANeuan wiae °F)

o Ae dulszAndnisparnaFeusesiiadian (absorptance of
surface for solar radiation) laiflusiaes

E A ‘?qﬁ'mm?ﬂuﬁmnnszwuﬁ’wm (total solar radiation
incident on surface) nuagl (Btu/h ft2)

h An fullsz@ninsinemaanufenlnefidaauenouaznisng
AMuFauTa R uRadLuen (coefficient of heat transfer by
long-wave radiation and convection at outer surface)
wiael (Btu/h ft °F)

€ A duilse@ndnisuldsmanuFeuaananniin (hemispherical

emittance of surface) lsifimng
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AR A ﬂ”smn'\s'uanmﬁ;ﬂumw?ﬂwnmﬁfnaqnuamwmm
danuasviaann (difference between long-wave radiation
incident on surface from sky and surrounding and
radiation emitted by blackbody at outdoor air

temperature) wiag (Btu/h ft)
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g=m=c*At (ASHRAE, 1997)
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q A9 17 WsAausau wiqe

m A NIRRT WLE

c A8 ANAINYANNED Mise
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duAslieguuniAuinslfulgsldetnagnieaminanuds  avdoely
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NITRUIILRULIIRT (time lag)
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i b at . - g &
Wanldanersannsamiisamiisndauanfeungnliidngeanasld  av
1 o v A 73 dl o
dlunsteaniladarasanufevainaeuaniazidngenasluoaianesiiy. wingnsnsm
minspnuFauanaaunatiulllfldnaunanidu wazaiuisamiaIA A NIa N1
Aunn s lunanansdn duAaulasnanansiianuisn Auedselemiiannsssugnmunlgls
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BEWANN

A9 2.2 wamy Overall heat transmission coefficient (U) and time lag characteristic
data for homogeneous walls

i Olgyay, Victor #1904 heating ventilating air conditioning guide 1951

Material Thickness U value Time lag
(inches) (Btu / sq.f./hr) (hours)
Stone 8 0.67 55
12 0.55 8.0
16 0.47 10.5
24 0.36 165
Solid concrete - 0.98 14
4 0.84 2.5
6 0.74 3.8
8 0.66 5.1
12 0.54 7.8
16 0.46 10.2
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Common brick 4 0.60 2.3
' 8 0.41 5.5

12 0.31 8.5

16 0.25 12.0

Face brick 4 0.77 24
Wood 2 0.68 0.17
L 0.48 0.45

2 0.30 1.3

Insulation board 2 0.14 0.77
4 0.08 27

6 0.05 5.0

nsaaduAMNFauaInely

QINAUNTITUAAIA U NN USIZMI N ANFaunUNaa1sn e lueAnsg

g=m=*cC*At

K’ < a v d‘ o % o’
dure g m  UFunuenfautinnsaisarnnsagadulilauiladunny
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v ©

-3 o < Ya e < a v R ‘.’; v °
LANNIRINNAAD luﬂﬂ?l‘ﬁﬂ‘llﬁWﬁﬂQ’]NL?‘JGNIM?]R?’NFI’J']NQQHGU’IEIWM [TABINTUUAIH
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a =t as a
‘IT‘Bﬂ’l‘iﬂﬁ'\'im'llﬂﬂ‘iﬂU‘iSUUﬂﬁJﬂ'm']FI
NTARNNTENITNNIAINEY (cooling load) LHERANTEUILNAININITRIANN

L% l v
FounneluanAns annsautisaaniFausaniiiv

1. AnuFauneluanmAns (internal heat gain) Usenausas

e anufauravfegendaluenmsiinsdiunanuieududa  (sensible

heat) uaz A NFauwLels (latent heat)

o  anufauaninfuasadne mansFeuanniesasldinin
v " ¥
2. ANNTAURINNNEUBNAIATT (external heat gain) Usznausae
v o i = ra: 13 1 & ] '
L ANFRNAINSIEAR AT gdeaNATHNuNIaMFNe wazdes
(asing
° ANFIUAINgIMTEINANNELEN  TCNEWHINHTILATHAIAN

21A19 lirgneluemis laensiimaueu
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NFATUIUNITIENMISYINANLEUY N FngUszanne 3 2 6(ASHRAE) A3l

Wagldn

NgATNIENTENIINNAMILEIRTALA B Transfer function method (TFM)
mMeAnsEMImAuEulaedd  Cooling  load  temperature
difference / solar cooling load / cooling load factor (CLTD / SCL / CLF)
nsANAINNTENIITIANAIEulAedS  Total  equivalent temperature

difference / time averaging (TETD / TA)

v
mnm?ﬁm:nummﬂum?ﬁﬁmnmq?x'lun'\?mmmmuﬁ'q 3 UUINNN M

A8 AUINNIENNIIIAHEI R uR M zaNAUN TN W lum s A e

A835 Cooling load temperature difference / solar cooling load / cooling load factor

or

(CLTD / SCL / CLF) Ineifisneiazidaia lunisanunnisats

AATUINTALDIAFEIUNULEAS INawAR NSNS NNstnamAINFauTIag

NsauanANe (U) WuWHa uazAIANUANFNIgamARnNsyNIsiIANLEy

(cooling load temperature difference) Waldlun1sAurninsznnsin
(-1 ° v 1 <

AL RIALNNSHEIANNFAUNIUNIALBIAITNLILEAS

AN TaLaNANELIL LA IBMIAN (U) WasNUNN9999N50UaANS

ludqunfansaen warldsautuea CLTD Ainnuualyd watnldAwinnsey

nsNIANLERIAENIsEIAN RN BNTELAAN TR UTL FauAs

Tl o [ d‘ o 1 §

Rarsanesdlseneusine Tuedas Wewnliwidn solar cooling load

(SCL) uazAn cooling load factor (CLF) &miutinldldlunsanuinnnse

nsmaNEulasnisuE @ unseuatAnsdoullsanas  wazn1sAIWITY

nMszmsiianEuanuasafausneneluenats  lanAtistanag

] Gi v -ﬂ' o
WiNREIANNFA NI NNRTRIRAlsEnauNNe luenAg
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|.
Diteciicic. wall & Ehloviag savm

load besed on CLTD

roof ; loak up CLTD »

and UA for each

cxterior surface

Calaulate cooling

foad based on SCL
Determine 20nc

\g and SC*A for cach
parameter: loak up ;
tramsparent exterior
SCL & CLF Sum cooling load
surface

Calculate occupant,
lighting and equipment
cooling load bascd

on CLF and heat

gain at cach time

Calculate ventitatron i

and infiltration load

Qverview of CLTD/SCL/CLF Method

d' :: ° ° < - » .
7 2.10 usaviumaulunisAwanumsznsinanaiiulagd s cooling load temperature difference /
solar cooling load / cooling load factor

n: ASHRAE, Load Calculation Manual: Cooling and Heating, 1994
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28 iladEmMuANNFANTRL-MUNITIUNNZEN

ANMITRUNBAIUANNFANTAU-MUN(thermal comfort) nunedis &N19
mMeanlafiuanseaniinnaanalaluanmuandaunegmuugil (condition of mind
which expresses satisfaction with the thermal environment.) (ASHRAE Terminology of

heating ventilating air conditioning and refrigeration)

o ¥ [

lagannsdnmadeiifieadasd AINALNENIIANFANFRUNUNY

'
k7 o b %

(Fanger, 1967) wudnsaudlssinsiiieedasiuanuianiaumuna Usenaudas

L v v
AUTTNAUATUANINUIARD Y

1 /NN NAINA (air temperature)
X o o . N
2 ANTURNNNS (relative humidity)
3 qmuqﬁﬁomﬁmmﬁuﬁﬁﬂm‘ﬂu (mean radiant temperature)
4 AANNLERY (air velocity)
o b 74

29ALSTNALAULAAR

¥ A
5 @eriasula (clo-value)

6 BATINFHINAYNAIIUIUTIINE (metabolism rate)
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WATANSILATIZMIIAELNE M2 Bioclimatic (Olgyay, Victor : 1963)

-

ilunisdssiivanuaunesnuanuianfau-vune  laeiuwiAndrreuias
1l 4£' -l -l v a a o o :,, =< - S
anuanglifiqalaqanilafiesqadeauarseneusaedns nananasaudls Aniuddldaina
“Bicclimatic Chart” dsgasausing  gnienulugignmninszihauds  (laainvue
oo .
Teumszannd 21-27 asAngaies) Anuauduing (laenvuateumilsyanns 30-

70%) LaZUL@AIBNENaIRIENLInaaN1ae Additional Lines

—~
n
S

CRIBULE TEMPERATURE Fo
—
-
<

§

70

50

20 A i + )
0 10 20 30 40

80 90 100

RE(ATIVE HUMDITY %

g
8
3

45. Biochmatic Chart, for U.S. moderate zone inhabitants.

717 2.1 uaas wunilutalaaunsn

AN : Olgyay, Victor Design with climate bioclimatic approach to architectural regionalism page 22.
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antuldiinnsAnsufeaivreiansejrewInguNe  uazATANTIENE
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UYYIBNIT, URIFUR Walla, 2544) Aall

1 #uilmsuananwwansast (control zone)
aglutaegningil 24 - 26 aseadea AaAUdTNE 45 - 55 % Tiszdv
AAGaRN 50 - 150 fpm TsvavianmennAazlifiaanmuinsou Lﬂmﬁﬂuﬁuaquﬁ
amAneuen  gunsneFmnusnelituanssuynilssnnlasienzetedsianssud
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& > 3 :
2 WUNNIAAUANANTWUIARBN (semi-passive zone)
aglutaegaungil 22 - 28 asAgaides ANNTRANNNS 40 — 70 % Wszdu
” 1 : ' &
AIMLFIAN 15 - 350 fom WszaullanineiniAasiinanuutlslsudeudnates Waweudy

anngieInIAnIEuen guasaaisaNaunelinufanssuLnalszan

& o [ a i
3 WUVAMANALTTULSITNIEA (passive zone)
aglutaigmu)il 20 - 32 esraaides ANTURNNS 30 - 80 % HszALl
ANFIAN 0 - 500 fpm WiszAvlanmenAaziianuuLslsuAeuinasnnaman My

5= o v a dl o ] o ' ..4 nl‘ [ 174 =
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WATANMTUFILAIANNGANATUANNTAU- U

A!' - v ﬂl. v 13 ‘o/' 9
asanngaunniiannufeu-nuneiauanldnuliliguunininatuass win

UG U

F o fr (g | y < = o
wsillugnumpiiniailieuian (sensation temperature) Asfigtuuunislfusniwaanugune

2
Yo

nmeluanasieiinreuirnrasannagnanialuanans 1éaail
msfuse@niwannasaan sanauns(guns Yoonanis, 2542)
puFAnEiuas (asAgaidea) = 0.381V + 0.016RH

Y, Aa AN aun TansFadaTug

RH A2 A2NTUENNNT (%)
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19190 2.3 uamsanaduiuiszudnamufasuuarauinduanuaumung

fun : Stein, Benjamin and Reynolds, john s. mechanical and electrical equipment for
buildings page 41.

Air velocity Possible lower Probable impact
temperature comfort

sensation (between 80 —

90 *F)
Up to 50  fpm - . °F Unnoticed
025 mls - - i
0.9  km/hr - - i o
50 100  fpm 2 3 °F  Pleasant
0.25 051 mis 1.1 1.7 c
0.9 1.84  km/hr X
100 200 fpm 4 5 °F Pleasant
0.51 1.02 m/s 2.2 2.8 Gy o
1.84 367  km/hr i o
200 300 fpm 5 Z °F Generally pleasant
1.02 152 mis 2.8 3.9 ic
3.67 5.47  km/hr '8
Above 300 fpm more 5-7 °F Requires corrective
152 m/s 2839 °C  measures if work is to be
5.47  km/hr °C  efficient and health
secured.
msdfumgdnsnamsufadiedelnasay  Tnsuywdazianiailou

NI UNT 8ANeY 1.4 eerIadearesgmgiennd  TneniAguungiinisuifed
4 o

| X -
wdtlansaugaluni ennas 1 asdnaaidas(quns Yoygnsns, 2542)
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2. WRIBTTNTIRANNTIBINA
Wasannisdesruasuaseniinditulsseanialudusing  auianisnse

anFaraad luaviaarn Tnaulisdnrnizaasfiasfineaniiy

® fiaarnluse (Clear sky)

® viesrhiliusnagauiegan (Partly and Cloudy sky)
e  viasalwsilnaguiiu (Overcast sky)
~ : -
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& K8 aunTULand AINANWUSAIH (Stein, Benjamin and Reynolds, John S.,2000)

FC =1 *cos@

FC  AeAmanuiduesdf urunasadneuuszuiuldany
(illumination) Taediwiaenily Wa-uruwAs Yfoot-candle)

[ AerFnaussadnelimnnsuLwIEE e (intensity) lag
Tmigenily uauLAsa (candella)

< . .
cosO AayuAnnszuABILAY (incident angle)
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&utlsv@na nnsldenu (Coefficient of utilization; CU)

25N19ATUINY
aal o o/ 1 al. U =
51943 B lUN9AN UM AUAINHADIAINRALTRINRY  LABINITHANTEWN

115 unnngsfieanannaastanldanunies Anugunsi(Stein, 1999)

E LxCUx LLF
area
4
)
E A lux AaNUT 1L
E A lamp lumens

Ccu Aa Coefficient of utilization

L An Life-Loss Factor
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SLAUANNABINTLT N ULRIRININIATFIUAINNANTTHAE 4]
AN9197 2.4 Wa&A IES llluminance Category for Generic Type of Activities in Interior

ﬁm : Robbins Claude L. Daylighting Design and Analysis.

Type of Activity llluminance

lux Foot candles

General lighting thoughout spaces

® Public space with dark surroundings 20-30-50 2-3-5

® Simple orientation for short temporary 50 - 75-100 5-75-10
visits

® \Working spaces where visual tasks 100 - 150 - 200 10-15-20

are only occasionally performed

llluminance on task

® Performance of visual tasks of high 200 - 300 - 500 20-30-50
contrast or large size.

® Performance of visual tasks of medium 500 — 750 — 1000 50 - 75 - 100
contrast or small size.

® Performance of visual tasks of low 1000 - 1500 - 2000 100 -150 -200

contrast or very small size.

llluminance on task, obtain by a combination of general and local (supplementary)

lighting

® Performance of visual tasks of low 2000 - 3000 - 5000 200 - 300 - 500
contrast or very small size over a
prolonged period.

® Performance of very prolonged and 5000 - 7500 - 10000 500 - 750 - 1000
exacting visual tasks

® Performance of very special visual 10000-15000-20000 1000 - 1500 - 2000
tasks of extremely low contrast and

small size
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(Flynn,1988) dyunaafluyaeiiissrenmsussianniazvinldaemaiunsasen

[ v

SumaNanleauan

Angle = 900. Aver. = 1HI0 FL

Angle = 45° | Aver. = 750 FL

Angls = 25°, Aver. = 375 FL
(Max. = 1125 FL)4

A vAURINM
Angle = 0% 5°, Aver, = 170 FL TEAURINM
{Max, = 485TL)

227/7%2/22242224

N 2.13 uaaessAuARdiatameeniUldlugued (angle of degrees) Muansinaiu Aruanaiu
AadnlngU s nueeauaadng (average luminance) Rarameaniule winuu va-usudin
(footlamberts) taziuanudunissznaums unsszgniielfruiesaruniadoundenduan

uantlsznng.

7l : QUNT YYAE T ATENTeEN NINNAN 2541, MszgnAlfuassTuTIAtuenAIT
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SLAUAINNABINIIUT HULEI89Ne  HAluuaAnssTuiufanssu ldanu

Taeaunsaurisnnu Aanssumsldaesdsil (Ysvde Denanysol, quns youoinns, uady

-
a a

A WU, 2544)

& I
1 NWUNAIUANRNTNLAAKXAN (control zone)

Q

'
a =

P el -l Y v o« = 9

AaLT untenliinsasuLlaesan nwafantiaaign Asatunald
uwasssnand WtenninauiseraduiusiadldussrAnglunuiil wu deslszay laed
SYALANNEDIRTNLRARE 40 — 60 fc

& b v 5 .

2 NUNNIAILANRNINLIARAN (semi-passive zone)

ALT nInsulatuntasrasanmuandanlalusysunlunanas lunng

s TR s
aanLULIUNNTEkaasTiauanyiasfan Midundn e Wundrtinaee leediszaumanu
#9989791848 15 — 300 fc

A’ a i 2 - %

3 WUVAQUANALTLUURTTNTIR (passive zone)
< a n‘ el d‘ v F 73 v o
ﬂﬂ'l.l?L'Jmﬂﬂﬂulﬁuﬂ’]ﬁ‘kﬂﬂﬂuuﬂﬂﬂﬂﬂﬁ‘ﬂLL’Jﬂﬁ’r]!Jlﬂﬁ’ﬂu"ﬂ’NN’]ﬂ ATNUTOUN

wassssuaAnlfldunnge laefisviumaudesadnaade 5 - 500 fc

500
500Fc
500 FC— . -
CONTROL
50 Fc g |
- ‘ ey SEMI-PASSIVE
orct- W 15cc  BFC LJ
LIGHT B PASSIVE
LICH EING: - LENEER
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