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# #4374186725:MAJOR BUILDING TECHNOLOGY
KEY WORD: TEMPERATURE/ PAVING/ DRAINAGE /
LERTLUX VUTTISUWAN: TEMPERATURE REDUCTION OF PAVING MATERIALS USING
SUBSURFACE DRAINAGE. THESIS ADVISOR: PROF. SOONTORN BOONYATIKARN, Ph.D,

XXX PP. ISBN XXX-XXX-XXX.

Thailand is hot-humid country. Having a strong sunlight shining though the paving
material makes surface temperature higher than air-temperature cause surrounding
temperature in that area has high level.

The objective of this research is to reduce surface temperature of paving material and
explore technique to reduce surface temperature by the way of using subsurface drainage. This
will save as a guideline for architectural designing works.

The experiments were done under the real climatic condition and have 3 parts. The first
part coving many variables such as sunlight, wind, mass, conduction, water absorption, thermal
absorption and thermal emission in the different experiment conditions was to study and find
variable which good to reduce surface temperature of paving material. The second part coving
watering point and watering rate was the watering process to reduce surface temperature. The
last part was the advance experiment, which use the water to reduce surface temperature of
materials. The temperature at each point were record every hour for comparison’s sake.

The experiment proved that the surface temperature of paving material which have no
sunlight, ventilation, low mass but high water absorption and rough-tint color surface were lower
temperature than other materials at average 4 degrees during 8.00 AM. — 3.00 PM. The
maximum depth under the ground of drainage was 15 cm, 2 liters per hour of the volume during

11.00AM. —4.00 PM. made temperature stable at average 29 degree Celsius.

Department Architecture Student’s signature........cccccee i
Field of study  Building Technology AdViSOr's Signature...........ccvvvveeiiiiiiiiieeiiniieeen,
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RELATED RESEARCH OF NON-AIR CONDITIONED ELEMENTARY
SCHOOL DESIGN IN NORTHEASTERN THAILAND

This thesis, being the one part of group research about non-air

conditioned elementary school of northern Thailand, consists of:

Concepts of building and building materials are to utilize and optimize

the natural assets by considered :

.. THE DELELOPEMENT OF ROOF DESIGN AND AIR CIRCULATION
SYSTEM TO REDUCE TEMPERATURE IN BUILDING
(PROMSIRISANG, APITOUCH, 2001)
® A DEVELOPMENT OF BUILDING THERMAL WALL FROM LOCAL
 NATURAL MATERIALS . CASE STUDY : NON-AIR CONDITIONED
STUDY ROOM  NORTHEASTERN 'REGION , THAILAND
~ (THONGKAMSAMUT, CHOOPONG. 2001)
® A BENEFIT OF THERMAL COMFORT FROM EARTH CONTACT
~ SURFACE (WANGRUNGRUANGKIT, PAIBOON, 2001)

Concepts of lighting design and visual comfort are to integrated daylight
and artificial light by considered:

@ DAYLIGHT UTILIZATION FROM CLERESTORY IN RURAL
CLASSROOM (URUPONGSA, AVIRUTH, 2001)

@ THE PLANING OF ARTIFICIAL LIGHT REGARDING CLASSROOM
PLAN FOR INCREASING ENERGY PERFORMANCE
(SAKULYANONDVITTAYA, ARNIC. 2001)

@ AN APPROACH TO IMPROVE VISUAL COMFORT IN CLASSROOM
IN RURAL AREAS (TANGPOONSUPSIRI, TIPPAWAN, 2001)



Concept of modifying microclimate is to improve the comfort condition by

natural assets considered:

® THE USE OF SITE TO MODIFY THERMAL COMFORT CONDITION
FOR NATURE CLASSROOM IN LOWER NORTHEASTERN REGION
(AUTCHAPUN, MONCHAI, 2001) -

® EXTERIOR SURFACE TEMPERATURE REDUCTION THROUGH
EVAPORATION PROCESS (VUTTISUWAN, LERTLUX, 2001)

Concept of evaluation school performance'is considered:

e A METHOD TO DEVELOP AN ENVELOPE INDEX FOR ENERGY
EFFICIENCY BUILDING. (LOHASUWAN,SUTEEWAN, 2001)

e COMPARATIVE SOLUTION TO ACHIEVE THERMAL COMFORT IN

~_NON-AIR CONDITIONED CLASSROOM (MUSIKALUCK, ROUJIYA.
2007) \ _

e THE EMERGY INDEX OF BUILDINGS AND BUILDING MATERIALS
DURING CONSTRUCTION AND DEMOLITION (WANKANAPON,
PIMONMART. 2001)

© AN APPROACH TO FORMULATE ACOUSTIC EVALUATION INDEX
IN PRIMARY SCHOOL (SOULIVONG, CHANSONE, 2001)

PASSIVE DESIGN FOR SCHOOL IN NORTHEASTERN REGION
(PUTTHACO, NARAKORN, 2001) is the design of school which integrated, analyzed and
~ optimized all natural factors, and techniques to create appropriate school for better

learning environment.
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1Y
A o

o  5@aunssntaeamandu (Near Infrared Ray; NIR)

- flundsnurfianilan@manuenamausendng 0.7 — 3.5 Tulasiums
- flundsunegluglaesannfenaaunidniun  uasilunasnudou
TN 29INAIUAIN LA AT A1IAANAAEIUDT 53% TBINAIIULA

annieNe Atiudadudanuuaseniindisnasddniau
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2) $98AAULNY (Long Wave) Aafaaniinluilesadnaudunsenuiuian
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v 1 1
o A

= A o o A o a =
NULAY M?@MN’MM@M ?\7'&ﬂ@u@u@gLﬂ@ﬂuLﬂuﬁﬁﬁﬂ@uﬂqq I@ﬂﬂﬂqqﬂﬂq']ﬂ@uﬂ?:flnm

|

VY o

3000 wihnasaull unaninlidaniuigunggaunisinemaanfeuninieau  az
= > o
Y

PigmniaAIngy  TaanisanamasNfeulLLNIeTn

=)

' a -dld a
thgmanUFamiguugigalilds

o a o o o o

(Conductivity) S9aUNAMaNTRAS TWTAN IamnTanesiin uiannsnasviauldniudian

iRt
W/(m - u1m) Bmf{b&fﬂm}
ket on . - .\ L | V7 F SRE— SRR ey 8. 0 760
%E 2000 Al > ' |
E N
E : 4500 k i o ilan /r"'"
: /[
E i 1200 |- J ,,,,, .} ..... ceafissans -| 380
gi & T /
W 400
= 0 { j’f am
02 03 04 3:4 56 810
D

AIMHBTIARN (Wavelength)

WUNH 2.1 WARNEIALITTNALIIANNANINLANRI TR LT AN 1IAAWANN)

PN gUNT YRUEYIBNIT uazeEld H99na. nasldnszan. neEnsadnenmans wmalulat

a ]

WAZAIWIAADN. (NPINNNUIUAT: IINNNNABNNETH, 2542), i1 10.

212 AUNLEALAZNISOILLNSIAAIINS DY

6

NNILNINAAINTRUAINANANTIAENANARAEIANT  NAgUAILANTLY AN

HAUR9FUNEALATANHITAIENEW (ANANT TRely, 2541: 35) An

o

= = a e
1. ﬂ@uiﬁ@rﬂﬂmﬁﬂ@’mﬂQQ‘ﬂ’W]ﬁ]ﬂ
I
NAARUAULLHNNTEANE
I X o 4 o v o Ay
ARUTARAZDUANNNUAU YTRI INALALINTAU

dll a A:ll 1 [ &
AAUTNAENINANANTLNNAL TLTIRNNNA
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6 o [%

A o o P o P o A A e ~

AAUSIRANNAMNBNATAILAAUTIRLNNTYANETINAY FUNINAAUTIRTIN 9T
N13uN3IR39u (Total Radiation) @HAMNA1ATYTUNNIRANTNGEEY ATINFRUAIUET09
81A13 SOL-AIR UAZNNIALIANA M NTB81A 916

1 1er al % QI dl 1 v a de dl Yo

dounsusfsdaonnFeuandsiegindires  InsdnAnunuuousuaslsy
Fadly 2 winremauwaRs (Hasn engl, 2538 10) lwiwwainiinAuieuing
(Overheat Period) 1 4ann 14.00 W. D4 16.00 1. 92UANANTINGLALN F91IBIANANT 17D

LN UTLALUAY AXA T UAINNTAUANUIUNUN A AN NN Tua AT Iaed e

o o A

stunuia luwwuewanilumasas e Faudnganats - TnaFunnu

1o Yo o

y X X da A a Y o o Y
AAINNTBRUNVRE UW‘HVINQVIi ?UfN'ZQLL@Z@’]'\N@"IQJ'W?QELHT‘I']?@ZW@u?ﬂﬁﬂl@\?@.ﬂqwLLQ@@@N

kTl

! 90’/ d‘ % % dl L% v ] =K
RTUU TunnraanuULaIAN9 ﬁlﬂ\?ﬂ”lﬁ‘@ﬁﬂ?‘NWM?]QWN?ﬂuVI’Qxﬁt‘V]ﬂuLiIW23@’]ﬂ’]ﬁ"N AT

¥
o A a a

& Yo aa o o= o
L@‘ﬂﬂi"ﬁ()@ﬂmllﬂqﬂqﬁ‘@51/]@“?\1@quqWHNQU?LQM?@U‘ﬂWWW?

q

YSILAESAUUSN

SNSRI - NSEBLNUSIR

SeEunann [ veewh

1 (Sodraun

. 1 ‘mssaowule
ISR D ERNG | 4
TWIRTIPU

MBI NS LR T U
. NSUIRI B

e e % MR

917 2.1 wapeN9eNNIENLDNANNARAEL (NnilFtlga)

a ]

s ¥
N1 ANAND UREY. ﬂ’]?@ﬂﬂLLUU@’]ﬂ’]ﬁ‘@’]M?UQN@’m’]ﬂLﬂﬁl%‘/ﬂuﬁﬂu. (m;amwwmm: 199

)

Wi inaansinuInenae, 2541), i 33.



12

2.1.3 mMauantlasuanusau

o

dl % = 1Y aad
nnTuanilasuANTaUNaL AN 3 T5A

a

1. nM5UIAINSAU (Conduction) LHILNNFANENNAINILANNTAUINN LA

U
o a o wie o da ad . : A e A ~ -
NgunnRgendn llfunaantguugiaindnszndneliuananegdraneiu UTOAANTT

' 1 1
v o o A =

uiatu Tnannsaduazifiousasiuanaieluananilgumgigandnfianisduas iieu uas
e wasnullgluanandeuugiaindiinesianansldiniseaaun nstiianuieuia

Ay liauiuussidnmsrasdan uazaziiatuaundnynanazlgun)Rmi

[ % o

nsthaNFauazisiuRNANTINIBIaian | JanidAEInILLY

'
a a A

a o % v A | [ % dl o % a v 1 =
qwmmmimmflm@uqmmiﬂmﬂ AR Lﬂmmwmmqm@u ALl LTUABUNTE BFVLUN

49

(%

HnnsinaNFauge wideRndndanananiave Januiuld Janndgngu (Porous Material)

ANNA AZHAINITUIANEAUN AN

Thermal Conductance = K % D

|

\{a  Thermal Conductance = AMN3IAINTBUTIRNTAR (Btu/hr.ft’)

K

71 Thermal Conductivity (Btu/hr.Ib.°F)

D = AIANTWIILIB9IER (I0./°F)

'
a =

A1 Thermal Conductance A8 fRINIsTNEMANNTBUENUIARTHANTINTETN

= al

dsznauiuiiaunuuiudnile luntlendsananluiilpe auou Ingsedalus

I [ % = dgl dl a dl s
ABNANELNNIUIAAVINNUN AU [5]’]‘3"1\‘1‘1/!51 LHRY NN mwuqmmmwumﬂam

A1-Thermal Conductivity A8 8R51N13808NANNERY dNrddnTiiaunileninqna

1
1o

' = | = X4 o ~Nal A L e aaX
ﬁquLuuﬁu\ﬂuMu’Jﬂm@qﬁuﬂ Iuﬂuﬂ‘ﬂ@qu')uUWﬂm’ﬂ‘ﬁQIﬁyJQVIﬂqﬂLVIN’]uQ@@V]NWH

a

o L4 X - o
11 ;197996 MuuUUniEo Wegamnianad 1 asrniLawus las

! Fuller Moore, Environmental control systems: heating cooling lighting (Singapore: Mcgraw-Hill Book, 1993), p. 8.

2 Stein, B. and Reynolds, McGuinness J. W., Mechanical and Electrical Equipment for Building 7" Edition (USA: John

Willy & Sons, 1986), p.100.
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LZ0D

7

4] 1 /

02 -
..-l"""'l'..r

Thermal Conductivity Wim K

500 1000 1300 2000 kg/m
Density(Dry)

WHUOH 2.2 WAAIAYTNANAUEUBIN1TUIAINTBUIRITAATLAMNUUILUULRITAR

fu1: Bensal.N. K., Hauser G. and Minke G. Passive Building Design A handbook of

natural climatic. Netherlands: Elsevier Science B. V., 1994, p38.

ANMNLAAa LTI AanisiiANFeuTesiana AR T LIAY N

WNLRIasHadan JaaRiaEuBILLBNINAslAINAIN1T0 lWNN3nAINFaUYTE AN

[ %

@ s A P ° Y Ay =
LﬂuvL@m LbN S Q@@‘WNﬂqqﬂuuqLLuuuﬂﬁﬂqzﬂﬂqqﬂﬁqﬂqiﬂluﬂ’]?uqﬂqqﬂﬁ‘ﬂucﬂiﬂﬂ

1
A

2. MSWIANNSGAYW  (Convection) ABNNINAINFDULARAUANILAINAT

v ! 1 1
NAN 11 8NA 1Y Beazitlufana i uEnAneIAINTaUNINITNLTRNTR93AR YInlH

[ % I a d?
AAANDUNNNGIUU

dounnsaainisiiAmiautaznIInIAINTey  Aestinaeslienany
44 . Y - e e .
naedaud lunszununistinauFeuluiana lidnisedsudnamiumils usaztnamnas
% Y o dl QI/ A A 1 dl o o o [ %
nuannFeuliiiuliianaaurlasnisduaziiavisontsgusatiesiull dmiunimangs
y . bt y okl 0
nuanNfauazgnitamliiuinanagwinanisindeuinaausiuniieediuiana1eeued
dlﬁ o dl Yo v o 1 v dl 9./0'/
Tuaniludanandie lasuaausey finmeinansniasFannn tasinld (Natural
Convection) laurinisluansuasseiniAnialuias weaanaldiuanudauluanatedsiu
- 44, e X s oeas . i
AUAANTITARDUNUNIBBNAINTUNINTY A9 AN ALILUULRIDINIARAAS  BINANH

a0 Y = P N ! dl y X |
@qmmum@ﬂmLmﬂ‘ﬂLmummmﬂwuqmmu@qmﬁ LAZLUANATNNIINIAITNTRUTUBENL

weltiudasaasian AianienisindeunaeseIn AN igandIasvaTuLuane
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! | o d‘ o o dl % |dl ] dldl
SuUarwuI1 adtufAan1Imnan ty‘mmsl,umﬁfmmm@@uiﬂ@mmmmnmm
v

q
'

= dld a o ' a Yo o ‘dl o 4
NgnuugRgalinigomninindiane  wazeraseannmAgiulddn  asdusdananeiininle

3. MSUEHSIAANSAU (Radiation) AEN13NANINFRUANNLUAINLEALTL
Aaag uiAauAINTaueaNNINTENLEaTeian Tnalifesendasanandla nsusised

AMFau Aanstnamnisdnnufaulaaliandadanany Jdaufauainsagnaianulae

|
[ |

Yo dlda o a o ISP o 4 o a 1 o A
ﬂq'islﬁQZ\iﬁ]‘V]NN’] UNT AR WTUANUAZHATMNITAATULAZNITACNAUTNALANANNY - LN

] 1
KX A o =

FapmilsiAnsedunInaziAInIsasiansadna

a

2.1.4  MISN5EINANNSDUURINIIAR

1 9
A o A A a o

WaanaanTan mnmzm‘uﬁwum an

aJg

anAzHNgANIINADLABTIAAINN

= v Y o

%01 AalnenlnAdana i AANTRAIBNITNIZNIANNGDL AYH (RNAND NRSIY, 2541: 134)

Q q

® ANAINIAIUNIAAGUEIRANERN O (Absorptivity) ABAUANTTRHY

1
1% [ % &

ti/ = v 14
HAZELAUAN @ﬂﬂ/]ﬂﬂLﬂ‘].lﬂ"J’]?Jﬁ‘ﬂullQ

® poNANNIRlUNTAZTiaRIAANTaU P (Reflectivity) AoAUANITRNRNG

o A TN I o o N
Sﬂ‘ﬂ\n@QV]ZQ’]N’]?Q@xWQU?\‘]@ﬂqqmﬁﬂuﬂ@U@ﬂﬂ1ﬂ1®LN@?\?@NWT]?%V]U ‘]J'JZQQ

o o o Y & P
® ANNAINITD WUNATUHINAAINTRY- € (Emissivity) ABADMANLRANIARNAN
o =3 % Y Y 1o & [ v o A A 1
Nq?ﬂﬂLﬂUﬂQqN?ﬂu1QLL@’JLLNN@H@U@@T’]N’m?ZVIUﬂU’MQ “7TaLTENI1  Re-

Radiation

o

® ANEINNID TUNNTAIHINTIAAINNERY - T (Transmitivity) ABANIANL]

o dl { ¥ 1 % dl o 1% AJ ¥
UNIARNATNITONEULN mmmumumnmuumiﬂm@ﬂ muumim
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o

9117122 wanspnaNIIRAUNIINIENuAINTaUTIRIIAn

AN": Lecher N., Heating, Cooling, Lighting Design Methods for Architects, (New York:

John Wiley & sons,1991), p. 15.

wazlngnlnfinds dagiilaineniu (Homogeneous Body) Walafufadaanu
Fauannmaaeeniing azin1agadu () N19EEiaunall (P) uasn 98N (T ) RNAWAWIUN

TANNENIARY NATINIBFIAAIAY 1 FadNNIT

p + Ot
P = ansdsiieuisdaniuig (lifvae)
o =0 - nmageduidlaanuia (l8wdae)
T = nmedeuidniudan (lifvoe)

I 1 a

o dl o =2 Yo o A 1% =
ADEWNLTY INRIANNUUAS (Opague Body) VL@?M?QNWQWN?@H@HN@WMﬂN

k1l

o

Neqanillaefsangnandu (Solar Absorptance) dqunilazuiaiundsinuaauiuuazi

e 7

oI/ A QI 14 dIQ v o Y o = a 49{ ?:/ !
NITAUASLNAULNNTL mqm@uwermLmﬂﬂ%mﬂmmmmmuzﬂwu AMNUULNNAIUAL
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=< |

o o A . a o | e aA o
ANEFIAAAULNY (Long-wave Emittance) aanin1e4inn dailunaainniailasisdnsesu
ANANINARALYINI (Feindn “Surface Phenomenon” kA a@anaIniia 1 Um. 16un Tang
187 wazhiu (uuss Baasny, 2540 §19lu niFen nesdl, 2543 15) ariunanis@niniou

1043R)NLUAIAIANNNT

dl M Yo o 4 a G YY) ¥ a o ] [ o
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\ Y - X { P Ay e A A &

AL WU Re-radiation sﬁ\iquﬂﬂmusLumrJ\‘lLQ@qﬂ@']\iﬂu "‘ﬁ\‘lL‘ﬂ‘wn'l\‘}LmeVIVLNN?mm\‘mWWElEI
-di a o a dl = v o dgl a 49( 1
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1
= [ a

A = o L% = a % o ZJ/ 1 al dl X aa
FIRTNANNAL 3~IN@Vﬁlﬂ@@@ﬂd@qﬂéﬂﬂmm@ﬂ@\ﬂﬁllﬁﬂ%?ﬁﬂ ANULUAINITANHINAAAULINIANHNANG
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o/ ! ¥ o e o

1 v ¥
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2.2 ANBMULFAN ) WBITAAUN UM LUBNAIAITABNITANAIINTAU

1
= o

nsanANFaUNAzaNNanAUNEuaNaIANITL  Adunileanngnas
NarsudanauaNtiinInzantasianusazatiald  iesunaindanusazainayinm

anTANNIENGaAANTEUA W LaTUENAINT TUIATBITARAVTENIAAITF NS TUAEH

NARBRUUNLTUNY

[

2.2.1 AMANLANNNIENINLRNEALNUAEUBNRIANS

[

FanANIINNIMITARLANUNEUENEIANT Azl AMENTANINNEAINAN)

1%

Aull nsasguugidanyinunisuananmsiaalinisszunetintinuiafuansazin bdunn

u

]
1o oA

Ay o & X <y
NIURE ﬂQ’Qﬂﬁu\ﬂlu@% U@m’NNU NAINNENIN GINVLﬂLm

o o a

1. AINNIARTUTIRAINNTDL

U

2. ANNNTANESIRAINNT L

3. ANHOENURIURITARL N

1. AN5AATUSIAAIINTAY

o o

ma?@msﬁmq%mm%?@u (Solar Absorbtance: X) ifluArxaInTalun1Ign

o o

1 ! v
FuFidnnufeuanaaefinduedan Geegludesnnnenapausus 0.3 - 3 Tuaseu n1s

[ % o P o o

NarsunieANsgadussdaadiadanazunlsann  dndauaesiidngadumeuiuiidany

FaunlAFuTunnacNeNaAfL AIaNNIT (UFen e, 2543: 28.)

o o

X = Sa@naaduld (Absorbed Radiation) =

a

T
[%

A
3N 1A5U (Incident Radiation) B
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I
fiaflasy
I;, incident Spectrum
i‘ﬂi’gni’uﬁ
B I3, Absorbed
A
0
0 ATIRIIAR U (Wirvelength, A LLm )}

WHUAR 2.3 LAAINNINITATTBINITARTUNEAINTaUIBIH AR TunAINENIARY

Qi a a a A (% o dl ¥ Ly 90/
N1 ugen nesll. “wallAniseeniuULATNTARNTARNUaIAT tWe LT s Tamiianniin
AN, (AneninusiBaaaninidingn a1vnanideanssuians Tusinanads naensal

PNINLNAY, 2543), 1A 28.

2. ﬁhmmm%ﬁmwé’@u
N3ANEITNRANNNTEL (Long-Wave Emittance: &) Wuaangmnngalunig

o 0 ” o P X . o X
mm\miumm@ummmm saud 3 luasenaull Aruaunsnlunisdassndeanuiiay

¥ % ! o = % d’l a = o o a [ o =
mlfandndauzeinisaaied@acaniewsasiuieles  Waudiunisaafiduesingan 7
grMNnile] AsannI? mINNgIe  Planck  dvRdanazidesfidmanniauasn  une)

d“ . . A 1 dl . o dl a
AINHENIAAY (Total Emissivity) 1198199ANENAAYU (Spectral Emissivity) TNHNAINITANE

v
o a o

§9@RAIUE 0.0 (No Emissivity Possible) 14 1.0 ( Ideal Maximum-a "Blackbody”)

'
%

£ = F@NAeaanaINWLi9la7 (Radiation from Surface) =

%

C
JANAERANN1TNIRYAT (Radiation from Blackbody) D
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Ex
msaeiidzesingan
E;, Blackbody Spectrum
-0 frifaesanainiug
c \Ehﬁqmlginmuﬁa
0

0 ATIETIRRY (Wavelength, A; pm.)

WELAN 2.4 LAANIINIZANEU9aN1IANEFATetadan TunaAuenamay

-dl a = a A o o dl 173 Ly 9;
NH: TUFE NENN. “Lmﬂuﬂﬂ’]?@ﬂﬂLL‘]_J‘]_ILL@ﬁﬂ’]?L@’ﬂﬂ’]@@H\?ﬁ@\iﬂ’] wa sz lamiiainin

&9

AN, (neNTnusL ey NN UMNe a12an0tRenIsNAIans Tnunnaneas anadnTnl

PNINENAY, 2543), Ui 29.

a 1 o

ANUNUYEN 2.4 AINN3AITIRAINTEURNINIZANEANNAINENIAALTDY

14

! 1 v 1 1
dulds 2 dunfignapinenty Tnevialldadoutazilasuulasmiuaninenarauisy

g waNAINNAIA 8RN URRdaR ANz AN lAa NN TeAe e n

q a

(Kirchoff's Law) AN&xNIg

81 = 1_p1

Tne? £, = AN1IAneia o grunauil
0, = AMNNTATTIDUWAY D GEUNNHNTL

1 v ¥
uazdannianaNTAR 2 adnedneinil anunsoutiveanliidy 2 Useinm

1
o

e mmu&imﬁuaqﬁﬁmmi@m LuaNNTAE AR SeuTiAne e en gl (4FeN
nasll, 2543: 30.)
1. 1aA8ITNIIRA (Natural Materials) wiivaanitu
= v e uagiing TneviluflAnnisanesidaandeuge Yszano
0.94 - 0.99
- AULAZUTENRFNT

- Waiug IneiaelddAnnsAnefidAnuFauge Usennns 0.90 - 0.95
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[ %

2. JapPuyweltlszAngau (Man-made Materials) iivaanifly

[

anlavz (Electric Materials) 1 Polished Metal azfAin1sAnaiad

AMNERUAN 1U9vannd 0.01 — 0.04

o

408

Tauy (Dielectric Materials) Taglantiasiae laiily

2 a = IS DU o a ¥
VLSJ ATURZABUNTH ATHANITANEINAAITNTDUGN ezunu

0.90-0.98

[ % ]

AR RN

q

nTLAABLIRY °] (Coating) 111 Anodizing, Painting UWas

Powder Coating

o=
LIAUUU

49

(=3 v o dl :// o a dl e a
%muimﬁ 'J’&Q‘V]Lﬂu‘ﬂi@ﬂ?.iwxﬂ’m‘)@@ﬁﬁ‘?ﬂﬂj’]mLL@%V]N‘LELHEI‘]J?SQ

o

AziiAINIANeAANFen € 1nndn 0.9 Tuanendanianzazirnisrefidnannien
A1 € tieandt 0.1 dgannsafanIunAINIsgatuLazre AR N TeuTesTanssinnany

THanUuUHN 2.5

q JAn#n (Blackbody
; vhudavideiine o Am:gsﬁolfd AN imm:.ni wh oo
I - 3, %) i I
- 'vm!m:n_f W'Twl'l-ll&l 1_ . . etk $0-0]
¥ oo AELITR o Gudsn  maitenTod
0.8 : : : :
1
0.7 = | —i-
0.6 | —
0.5 : 3 - .l
— H [ |
NBaMADd NOILAT s |
0.4 - |
' a
0.3 |
|
|
02 :
0.1 Jwgtitier Mowwiaom Fol
- ] . i'a'l.r'l:"n' ] .
o - ; g - -
] 0.1 0.2 03 0.4 0.5 0.6 o7 c.8 0.9 1

AmastuiaiATuiau (Absomtivity: Ct)

1
WeUNH 2.5 wansdnandauniagaduainFeunaznisreidsesnuioudas i
dl a I a A o o dl ¥ Ly 9;
U1 ugen nesll. “wallannseenuuuuaznisidendagyeuaann ielidsslamidainiin
AN, (nentnus ey dm e anrnanntinenssurans Taunnaneds aWnadnsnl

PNINENAE, 2543), TN 31.
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waziauvilszimanunisnsginsefidannieuaesiadag  Aavuiaanidly 2

Uszinniduiu Aa Tany(Metal) wazalany (Non-metal)

Solar Thermal Thermal
Types ltems
Reflectance(%) | Reflectance (%) Emittance
Metal Aluminum sheet, polished 85 92 0.08
Chromium plate 72 80 0.20
Polished copper i) 85 0.15
Aluminum foil, bright o) - 0.5
Aluminum foil, oxidized 85 - 0.12
Non-metal White painted aluminum 80 - 0.91
White paint 70-75 5-10 0.9-0.95
Light gray paint 60 5 0.9-095
Dark gray paint 30 5 0.95
White powdered sand 55 - 0.90
Aluminum paint 45-50 45 0.33-0.73
Granite 45 - 0.44
Indiana limestone 43 5 0.95
Concrete 40 - 0.88
Brick (light-dark) 23-48 5 0.95
Fresh snow 87 - 0.82

A
wa A o

A9 2.1 UAANAUANLRNURL189TARFN"]

Aun: 1/501l39m1971997n Watson D., Climate Design (New York: McGraw-Hell Book,
1992), p. 163.
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azfliananiTNIEnAe @AY Imﬂ@WNW?ﬂLLUQ’ﬂﬁUWHIQWQu ELWF;I’W ‘V]‘ﬂ\‘m 2543: 33-34)

v o A 1 a o 1 = v o a
1. lanednauvise lanuparadniza %ummmmm’l‘umm:mmm@;q

RN As R dauiudndeiuinlides  nisganauiadluszaupanananialinan

o o v o a v v v
1N M lEnsAa5agAruFautias s
2. TanzinledFoy vizsauuudagaadsy 1oun nsldaniandannantinliing
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AIAIINAAINNFEY = AINUUILUN ¥ AIAYINAAINTRUAINIY

(Heat Capacity) (Density) (Specific Heat)

ANHATNNIANNLILIAYINTBU = ARINULILLY * AIAINAAINTBUIUNTT * AINTHIAINTEY

(Thermal Storage Capacity) (Density) (Specific Heat) (Conductivity)
Specific Heat Density
Material . o . s
e Btu/ b, F nue Ib. / ft
Wan 0.12 450
Low Mass GYATYRNIEY 0.21 171
ity 0.39 35.6-41.2
Medium Mass g 0.19 120
AAUNIF 0.19-0.24 144
High Mass -
i 0.19 180

M99 2.4 LL?N@ﬂﬂ”lﬁ‘L‘]ﬁ‘ﬂ‘ULﬁEIUﬁJ"J@@”I?ﬂ?ZLﬂVI Low, Medium LLag High Mass

P37 P1919912-6 (R1FeN Nesdl, 2543: 45.)
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Temperature (C) ")
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(dry-bulb temperature: DBT)
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(wet-bulb temperature: WBT )
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(dew point temperature: DPT)
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(surface temperature: ST)
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Tan) AN%NN3ATIaN
NURUT (Bare ground, dry) 10-25
NumTlen (Bare ground, wet) 8-9
N9 (Sand, dry) 18-30
naentlen(Sand, wet) 9-18
#u(Rock) 12-15
{99761, W (Mold, black, wet) 14
WOUWIA(Dry grass) 32
YRUT e (Green field) 3-15
IUVLﬁLﬁﬂQ(Green leaves) 25-32
17911 (Dark forest) 5
neansel(Desert) 24-28
83 (Brick, depend on color) 23-48
wadawavi(Asphalt) 15
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WU ldlAsIuATNUUY aerLTaLT e
NszAUUINLELA (Sea Level) AMNARLSSENNTA 101.325 kPa

111: S.V. Szokolay(1980). #141lu guns Yryry Enig, mallAnisasnuLLITINWNENIg

UsgNIANANIU (NPUNNNUIUAT: 2542), U 249.
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