JEE
e !

S LY N X 3 5 | B
i it \ i NEp
\ L VRN X O L R R “\.‘ V

i) VMAS Y i
s i if s i \ [t ol
£ { .:\“ d t A s 4
! ] (S EATRAL g ¢ A
3 Ilﬂ‘ ."' :[ ANy : Y
| ‘Ir ey ‘\, 3
( A \ \ | P4 1
¢ [ !
¥ { !
\ Pl vt
feX R 0 g
( i i L
{ I ’ !
& R e (i \
] ) A ¢
{ 8 \ y -\
O ,(‘ .\ \ .‘.‘

u.mm-am'manu,umwumvmﬂmmﬂ'[ﬂﬁ*zmwmmmm
El'lﬂ'I‘SWﬂEﬂﬂﬂﬂ‘a'&ftJm Double Loaded L-a:ridor manﬁﬂmmwmam
mmﬂnm : Tuwamomwwmm I B e

R b A Guma LINE THROUGH VENTMTION DESIGN
FOR DOUBLE LOADED coﬁmnon RESIDENTIAL BUILDINGSf
& ., N B&NGKDK AR
At (el ‘
| i .
._ 'amwg m'ﬁuuwﬂ
A | Vl(..HATE mwm NUNMUW
‘WHH mwmmmumuﬁm‘ﬂmmm ms'm'umwmw d:r S}i!ﬂ'lﬁﬁ‘ﬂi ?!ﬂﬂ?iﬁ'!!tﬂ‘? lf 591 J‘ '11 H’M‘ mm
TN R SOl nmfnmsm:rmwnm% s AL LR
{1 -rc § mmmmw
MU mmumlu‘fa.xmsamm@mmmmammfmmua
LI | R e {2ma 1 U AR
Hm 974- b’ ?h*?‘{‘ ‘ (G
R DS



.o o — e _— W~
TIUMMDITUANAN  NITIDUNAMMNIBNITUY

LUANIINIFRANLLULSZULSS U INIALALA A 65T NI ARINTY

v s . al as as
21190 NaAgszLAN Double Loaded Corridor sWANTFUSEUEANRIIU
nsAiAn® : lulAngannaIUAT

A GUIDE LINE THROUGH VENTILATION DESIGN
FOR DOUBLE LOADED CORRIDOR RESIDENTIAL BUILDINGS
IN BANGKOK

JURMRRIER

Ay sdniunde

VICHATE TAWATNUNTACHAI

9 ]
einuiiiludaunilaaesnsAneaundngns FeyyrsantinanssuAansumntngs
AT IAOIREINTINIATDY
TnuApINeae

aniumalulatingzaaunaaInuMIIaIANTZ

Y
mgd 40003~ W.A. 2544
'ﬂzlu ﬂu--..ttuo lllllll 000 R0 0000 |SBN 974'648“21 5_?

1@, 1201254



A GUIDE LINE THROUGH VENTILATION DESIGN
FOR DOUBLE LOADED CORRIDOR RESIDENTIAL BUILDINGS
IN BANGKOK

VICHATE TAWATNUNTACHAI

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ARCHITECTURE IN TROPICAL ARCHITECTURE
SCHOOL OF GRADUATE STUDIES
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
2001
ISBN 974-648-215-7



COPYRIGHT 2001
SCHOOL OF GRADUATE STUDIES
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LARDKRABANG



FAUBINEIUNUS LUANNNNTERNLLLSS LT N ANNAGNMFLNANTWN AN Al
1Js24nM Double Loaded Corridor iNannsszndandaani

UnAnE WAy sihmde
sudlszanaa 41063100

Feuaun AnIRENSTUANARTNMTTNTA
U aniimensTuIInzal

WA, 2544

o 9 o o ¢ w & os [
anansdgpauANdIneninug fouransanad Urmen Fa@ind

a ]
UNARNERA
1 v £ 73 1]
Tatandulsznmdeudululsanalng Svaneguiuy Taeanndndniseenuunivuiile
¥
aeiflulLl Double Loaded corridor Msllenasmenvanavaneilsyans iy msszudasy
! 2 irdgll P 4w i £ ! ﬂ’d’ 2 S 74 =]
Uszanailumsneaire meldnuiliguan duss nseenuuLiuticiaedidepeging usind
fadeagvaenlszng 1w tnmadunandlianunsathuadsssan R laALR e
anansliiansnsotlesiuannafenanuasanliutsaitirudired@anuieugs anvis
felsifineszLneenniA(through ventilation)fisansne  deidetiihisnmauaniinliianasisl
mesanuuLtszmianan  dulAemdsnulunmlfuennia  Wewnn Taeanninaslail
MITELNEENNA Wasiasadaannwe Aesasinsldssuuiuenmendaslunsinamiv
< | 4 = [ ' 2 s 10 & & o
Feusseana Tinsdufemdsnuedann feanuuusinlifilnenimnin au uazuas
= [ IA i s IO

a9gunR dntaelunnswitlymifisaunuanasianiiudeseanuuuilszinm double loaded

A
corridor WNAWa

mseanuudfanAsinendelszam Duoble Loaded Corridor Hnnsszineiannalacia
assninn il FAeudneennifiesann  aenstlsmaviidesissesdhainiideaTaies

@
fuden vdeunenmsidmensnuilnteiaviaacsinusdldaesdnlimeadaweeinli
maeauiludousn  Sasfegineauinazbilifuen  Sedamaliagendusiasdapreliy
anA e iiaenuduaaslunslindsnu funansoeenuuyldenansinends
1ls217m Duoble Loaded Corridor Hnsszineennalnessssnanaie  azamnsadansliu
.3' (=4 [ 1 0 | k' i o

anwennaneluatasliinay Junnsdoaldliawiiuseddiarasnliuainid

sfAdeililunsAnsidaauadnaninluniseaniuuenansiinandeilszian  Double
Loaded Corridor dwiuginelfiunatiosn Taesjutiuliifianissznaennidliiages
fugevnaduna  deuananiindassinnssenuunludausineivedaduliionis
Urzutandanuudn  fednadnilfongRnsssnesdeeedtasunaliifmlszlamigealunie
ilhlszendld  Geifdevinnamesedaeniseenuuunsiinaaesing wazinimasadiu

@ 1 [l 1 L7
BernieRneuynnanaeaeufieesasluanene 2 55 velustuuuaes wlaw sUes e
q q
|



nsldtRiuLLey LLﬁ:ﬁwaﬁlﬁmﬂﬁ"’uﬂ@qmeﬁ'ﬁmﬁﬂmLﬁmjmm 1: 50 lilnageem
podludousne  doealuauazidiasianouSaanaiiafue euFenfendy
pranrmnludausing resuL il weﬁqmg‘ﬂwamwmﬂmlﬁﬁaﬁ

1. Wponanztesdiafimimuaenanmadieseshadien lelifitesauasn twezazin
Wianlidhgneluiasin psitesansniludianin devnlfAanieszingannia Taesnile
?‘Né’mmﬂﬁd@Lﬂ"}ulﬁt.ﬁmuﬁ’mchuu??mmrgﬁﬁmumn%@1

2 Fasumbesanindnaneinendt s ALELeNSETA 1 HAANTS
yaGemLNAMsaT S ARAT AR snnnd Iy Tialnedl 1 16.34 % uay Wil
anwaLihgmeluliasinlifludaueuniszasduay dowuendlin Fadlutufl Adatamsld
annige Wwnedasna mslidlemlszpuastesdiamimadiunan azildifancw
Fhudausianniign

3. lunsdlfildnadlnlszgiinainia FeliRnnessineenmAldunniy audnuos
FRLLLALANTEE 2 HaanmsaseLENsTIn RSN Wi
T nal2 12.95 % uasnliaurinsiudautpuasiuslsznuans msdlatlmlszgiuet)

or o

Audnmoulunislions  wilunsdidmszpteninasinligldanastinnuidiusioifenas
sroupaseenuuulFinndnsuminlsvgileutilymiudasnoududouds uazaasld
dnwnizlszg 2 du Fuusminiduinuity fusesiidhamden 'Lugﬂunuﬁmma‘ﬂﬂfmﬁ’u
Reruazsamasgnieludies witasdud@liiansszinaainie LL@:ﬁmﬁ:\immﬁmuwmrﬂm
nANATER LA

4. lunsdlisinnadlademnadunaaiin ialfiinnisszineeinAwumzgsiu
(Through Ventilation)lanniign  mudnmousassiamiauensdl 3 HaaNMITNAREINLG
sansoin ARt AGaeuInnd wuviall nadl2 19.65% mediadeadiantadiu
nanazillszlnBnnlunsdiisianaznRenmeseu nszusnaiimanlFnnauazdeluns
angruugimelutiadlFunniig uathAEmdl i Remasny  lunseenuuunag
ikt suuvdeaTlndeesnunsatlaaiudes uazyie anmaAunanaiie winsdadiu
IHAAneszIneemATa tnevuluumandadnmns i sl LaeAnTfinanTianang
naATANNAZEA L6

Tumseenuunlifinnnanzdassaniioumaiunan  Fesmuasumiteaa|idaniug
frtemBunilienenans azinlinduiidnuliuniign nsciTianzlesauRBUaNS
e RanmaAunan B asinlsaiad g dnenniigalassansnianzdesasig
widenenmsBandefld eiauagfunsiaennreseanuy  wiblrananzdemuens
onreuussidin ienenans fesethadien nnzasinlisfuisus



Thesis Title A Guide line of Through Ventilation Design for Double Loaded
Corridor for Residential Buildings in Bangkok

Student Mr. Vichate Tawatnuntachai

Student ID. 41063100

Degree Master of Architecture

Major Tropical Architecture

Year 2001

Thesis Advisor Assiatant Professor Preechaya Rangsiraksa
ABSTRACT

Among many styles of residential building in Thailand, the Double Loaded Corridor
design has been the most popular for better space utilization which usually results in
much cost saving. However, it also has several weaknesses. First of all, the natural light
cannot be brought into full usage. Secondly, the shield of the building cannot protect
heat from sunlight with highest radiation. Most negatively, it does not have a good
through ventilation, which is why the building of such design often consumes very high
energy for air conditioning system. Because it does not have enough air ventilation and
usually receives direct sunlight, this kind of building always requires air conditioning
system to keep the building cool, which can be very costly. Unfortunately, many
Architects sometimes tend to forget to make use of wind and natural light to compensate
such deficiency.

It can be quite difficult to make the building of Double Loaded Corridor design have
good ventilation through the use of natural resource because the two rooms inside such
building typically have only one opening. Although the building is sometime designed to
have openings on both sides but the residence may not like to open them due to
privacy. In addition, the room located at the downstream of the wind usually does not
receive enough wind causing the owner to have to rely on the air conditioner. The
solution to this can be nothing but to find the way to make use of the natural wind to
improve its ventilation.

The objective of this project is to provide guidelines for the building designed with
Double Loaded Corridor for average to low-income residence through the use of good
air ventilation on both sides of the walkway. The project does not only focus on design
for energy saving but also intends to include behavior of the residence into the design
requirement. The researcher has used the horizontal water table to study the movement
of the wind in two dimensions in the form of plane and section, and used the results to
create a model of 1:50 scale to test the wind velocity against that of the regular design.

Following findings can be summarized from the study:

]



1. Instead of having only the opening on the building wall, it is necessary to have
also the opening on the room wall inside the building and to have most of the wind blow
through the person inside the room.

2. It was found that the opening designed following above guideline could increase
average wind velocity by 16.34% and make the wind blow through the living room and
bed room better than the regular design. This can also results in more privacy, as the
door does not have to be opened.

3. Shall the door also be opened, the wind velocity can be further increased by
12.95% and the wind can also blow through the kitchen and dining room. As opening the
door can result in less privacy, the door positions shall be located properly and the
double-layer door design shall be used to prevent such concern. For the double-layer
door design, the first layer shall be made solid and the second one shall be the overlay
to block out the noise and make the inside invisible to the outside but still provide good
air ventilation. In addition, the removable screen shall also be used for easy cleaning.

4. In case the middle walkway is added to achieve highest through ventilation in
condition 3, the wind velacity can be increased from condition 2 by 19.65%. The benefit
of having middle walkway can be best appreciated in warm weather since the increase
in wind flow can help lower the temperature inside the room which results in more energy
saving. However, it shall be designed to have opening and at the same time to block out
noise and vision from outside. To serve this purpose, the special louver and removable
screen shall be used for easy cleaning.

When adding the air ventilation holes to the walkway, the position of the holes shall
be placed in relation to the holes on the building shield to make the wind blow though
the owner better. The holes can be added to the lower section of the walls along the
walkway to make the best use of the wind and in this case, these holes do not have to
match the holes on the building shield. However, it is not a good idea to create the holes

only on the building shield, as it will cause dead zone in some areas.
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vz = ve(zze )X
[
Taefl vz = A9aE9aN U ANGN Z (NIL/TH.)
VG = Gradient Velocity (Nd./4d.
Z = AHGRINHINUINGA Z (4.)

ZG = Gradient Height (4.)
o = srlaonudeaniuinuio

v
#HnsAnm uazinMuAAAINNg Gradient Height muamwgRussnd souvieansmll

A A o X
ANSVAEI AN UNNURIAIT
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2G s
nzialag nzane 250 0.11
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deadn Eeslug 396 0.28
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anaianulneiadeiiagsauenans Taaauandldangss Power law fasiaatinstalii

iiu @ontiasaenniadaauiaealin 3.2 nusan. Nanuge 21.3 w. Wisseluyjslae

RULSANN3ONN Gradient Velocity (VG) Toaat

Angms vz = ve(zze)X

VG

vz (212G )&

= 4.8 NU/TN.

3.2/(21.3/274)0:16

thagluviesdwRenty Gradient velocity(VG) aziiAvinii LileusitlAn Gradient

@ 1 ]
height(ZG)#nariu ﬁqﬁummﬁmmmummm%:ﬁumm@wi'\ﬂ Mananaiiaalneuny
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vz = vG(zize)X
Vz =  48/(z/518 )04
fealfumeanandal z = 10w vz = 099 W
Z = 20 u Vz = 131 u.
Z = 30 u Vz = 154 A
Z = 40 vz = 172 &
z = 50 Vz = 188 u.

1 1
=

‘ﬂ' < 2] = o = < 1 < =
Geaziiulddnenanstisiianugann Ballaonadaauann usitharudaauannifivll
fliRauslenilieuianans uindufinadeinlideesdn anudaauiiinlinududa

FAnguneaziiaonadaauszndng 1.6- 3.33 1/AUTH viTetlszanns 0.44 - 0.92 Na/1u.

AN 2.2 JansznufuANNEAnIeyEisannuiaNsinee’

mmﬁmu(mmﬂfﬂm)(mph) pansznuUiuANFANeINym
0-2 hiraafndniian
2-10 Fandnaunsznuuin vinlvinanlan
10 -20 e nezaneLan Finlhauazidedian
20 -25 Fanmilaudusauuinsznusanie
25-30 AU ENFAAITANTY
30 - 55 enAanINAY ilaugnadonsn dnng
55-100 Aarngiaeiian fuamesanu uazianain
100 Full Aenngmauila  dunmesaauuazlangiegng
Frelnag
NITUAANDATE

AenszudaufiiageaniuAu 1000 o sifarlszanns 330 wmsanazialafad

=

1=l = l:"ll “ o L -3 2 i=: 9
TiHANEANNNUALNNN IHANIETIANAALAEIAINLNEITEY

' M.David Egan, Concepts in thermal comfort, page 40
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2.1.2 nigszuean1d (Ventilation)

Aemstarenainnnelufieseentyl uazilenmalmidasiundnuunud e
nuanansiuasialavsauanas  inlnaduanunneniege LAYAN \IATEALIHNA
anAgs Aedauiiznzan daufifiannanaeinasndsenaazdandn Wind shadow Aeax
Tuamdnumd Gndunananaemasiiaziitlefides desawmuszazing (Hesn
ameiAee] i wnud

\iefiazlmifianstnemnaasennid Faseanuuuliifinifiouanunaeinidgs uay
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NNBANLITIIANNAABINIAR

NN 2.5 LEAIANNNABNIANINTEZANALANANS

ar i g 1 o 1 os -
fnsnisinaidunuiizesainiATLeg TUANNLANANTBIANNAY  LazLlse@nEnw

gaanT9tladasliendluaidinaen

b

fnsnsinadunuieesennid Waauiaiane Hgnasall

Q = kxAxV

0 Q = famnslveresennid Ward/aal. (ft3/hr)
k = f’iwmﬁqmmﬁmﬁaﬂﬂmué’mmqmmfjﬂqﬁuﬁ“ﬁm@m%h
Wazaan(m19g 2.3)
A = uareanaitladn Wa2 (ft2)

= ANAEAN Weva (f/hr).
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AN5197 2.3 Adaanasullaudnsdoussudnaundesanduasean

FuTdaamiadn ; #ufitesneean ANTIBIFLNUAT (K)
1:1 3150
2:1 4000
3:1 4250
4:1 4350
5:1 4400
3:4 2700
1:2 2000
1:4 1100

nseanuuuatatslwasfeuty  drlildiATeslantdinendaniundoaduiaay
- [ @ v o & & ' aal ag v - 2 o
wrastlFuanme  fAdeeAnildlansdrewmainiasa@aassue@lviinnign  uaylviliania
' 2 £ 1 9/1:1 ] lﬂl nl 2 L o 2ar
tnudnanludeslaaseuinniadiegende afinaamauitliudsanie il
2 9

amARgndanneludias dosaanaFeunazantdy  UsnnalianainiAiaududo
Ty Faansiusumaantudiuilsunalianeuguiifasnisnszuaanluniihfauwtuaeniv

nnsaanuuuliFenasldFusunnainnudiAryatindalunisfiazlvigetendaldy

LV Y]

AAMHALNE
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2.2.1 WANNN9A@IATSULL SOL-AIR ORIENTATION’
iRnannsnudnanmpRenniafunsudid  seuuwinliifinsaniesinuanaieuiy
FMNE NAATIEIN SOL-AIR ORIENTATION thlidgnisaauananiussannialverlu
VRLLUARLNE
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(UNDERHEATED PERIOD)
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(OVERHEATED PERIOD)
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gasmurnmnlinnasanuianmeluanais(WIND EFFECT)'

ARATUIAMNNABINIAUBIAN

i Pw = 0.5xdxv2

= a

NAUUDN 15 AANC)

Sle d = AouwwiveeseniA (A2unnazlAn 1.224 kg/m3
Vo= AubaN(m/s)
PW = 0B12X V2 (1)
@m‘lumsmmmﬂmmmﬂmmau’lumrﬁuuum:@chu(cross ventilation)

ApPw = Pw X (Cpw=Cpl)..cooiiiiiiiieieeeenn. (2)

e Cpw = Pressure Coefficient windward side = 0.5 a1
(lunsciuiias = 0.5 Junsaindifuandanunnsenu = 1)
Cpl = Pressure Coefficient leeward side = -03. 4 -04

unsditunlas = -0.3 lunsinidwandanunngzny = -0.5)

P
iﬁ[ﬁlﬁ‘ﬂ’]?ﬂ’]tﬁ‘uﬁﬂﬁ‘ﬂﬁﬂﬂ AAUNARIBINA

Vr = 0.827 x A x Ce x\lAPw(me’/s) ...... (3)

Theii A = Fussutesdls
Ce = effectiveness coefficient
(unsdidaadlsfisfainuien lsifinauraaufiuuLcross ventiation = 01)
(unsifsinnsraendiuuy cross ventilation nelaifAslaaanafu = 1)
PLITGNG !
MV =3 m/s Cow = 09 Cpl = -04 uazA = 3 m3 Ce = 1 (full cross ventilation)
AMNGAT Pw = 0.612xv?
= 0.612x32

" Prof. SV, Szokolay. * NMsUITENEALAL (789 ENERGY CONSERVATION IN BUILDINGS" 2543. Atz

anntlmenssuAtani annumalulatinszaeuindidnammmsananszls
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= 5.508
APW = pw x (Cpw-Cpl)
= 5.508(0.9-(-04))
= 7.16 Pa(Pascal)
Vr = O.827xAxCexw..
= 0.827 x 3 x 1 XW

= 6.64 m3/s

2.4.3 n9sEunEaInIALLUYNeIn (Cross Ventilation)

WunisszingenAntlszdninm  Inefidemnauduazdemisanesnagluuwn

Wumsameniu uarllawatesdalndidesiu B.Givoni  Iildaunsdmiunisatuammn
i IQ é’ J i o o s

AATIRNMElUNANT  ARawIIsTLaen AT AW luiesAmAnNdRsa i lumlda

MAN CLTMATE and ARCHITECTURE A4

V(I) = 045(1-e~38%)y(0)
me V(i) =  anudisneaunielu
V(o) = ANEIANANELan
X = ARTdIUIBNNUANTNAN A NIRRT

(NTEiNTRIaNEN WAz RBNTUIALYATIY)

luan®ouza89 Cross Ventilation dauilandie aziipudoaunigluunnnddetla

=3 aed o L o g
an Teeanunronaaaulaednnisatunlfnail

NTEUN x WAN = 0.9 V(i)/V(0) = 044
V(i) = 044V(0)
ASTUN x WAN = 0.1 V(i)/V(0) = 0.14

V(i) =  0.14V(0)
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B.Givoni l#n1svaaesni1sszunaaniAwLLdnumin ( Cross Ventilation) Usngdn
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e e =

29 26 78 93 84 137 118 | 103 128 121 115 109 | 88 88 77
152 | 109 | 39 | 24 | 28 56 |61 |71 | 61 |52 78 | 102 |85 | 85 |67
] 28 P27 20 25 | 24 \ PR R RO B \I 76 143 |30 |30 |56
28 |27 24 |26 |24 32 28 |3 |42 |3 52 134 |32 (32 |3
24 130 20 |31 |36 57 |56 156 42 |38 55 |67 |59 |56 |44

[EE=mamemss S i

(n.2) audsnzingy deadla 1/3 109nia (2.2) aulznzioge deadla 2/3 1k (A.2) antlznzinyn deadln 3/3 1eand

o = « o o =l
Audnun e lwady 44% AHFaun e lueas 59 % ANFann e luaRe 65 %

AMNT 2.26 nnenszaneannaluanBANaNLAzIAT e TlnRuLANFNaiY

=l 0 % —_
244 nsseungannALLLLIrieEnlagldiinaimis(Wing walls ventilation)”

Tuuansdilaiaunsoaenuut1¥l Cross Ventilation lfumniies twszenadindsd
= < v =l = =’: [ Ll g N ‘ﬂl o = =l 3 ]
Annneuanfiesinuien lunsdlidull nedalifidentln 2 dedindeinumaenndites

=l ?lﬁli' 4 b4 [ =) kg - k74
dadien Meilmmzdeuinyuivdeadls avazdrdestlauazuyuumeluiauavesn

] 9 1
daadlaandnuvil  Anrasduianssainmseenuuuliiianewiiaatiaudngiiesls

2 Baruch Givoni. PASSIVE AND LOW ENERGY COOLING OF BUILDINGS. Canada. Van Nostrand

reinhold : 1994
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AN 2.6 LAPRANINARBINTISLNEANNNAFEREN ST aasta Tl n RN F e

] aJ T | o | L) an
Huhwieng [UAUNTNAN HAN AN
pia pia faanfiu 225° 45° 67" AN
j J ar - 2 ' - ¥ @ ;1 2 2 2 k3 ar
Wi FUAWIA faailn foumdn Ay dhunth Aumds
1 FRIMNTINAEI 10.4 % 10.4 % 10.4 % - -
2/9 2 dasdndnanila 11.8 % 16.8 % 17.5% 8.9% 5.4 %
L - o R
2 dasdadnsatiaiineaiuilaan 16.0 % 340%  384%  362% 8.1%
1 9R9ATINRIWTN 4.7 % 3.6% 33% 38% 3.6%
2 gaagadnapt 6.5 % 11.4% 157 % 8.0 % 3.4 %
1/9 —
2 dagdmdnaetialiieaiuiaan 11.4 % 308% 360% 350% 4.9 %
2 daadadnandeiiiuanalmwinging 17.3 % . 20.8 % - -

wanewmg : Emngannuiauiu % resanuFaunrauananmsiuiuiEaatunialsian niansan
dl 1 9 §ad . =l
Alasndqlufidennuqna

|
2.45 N9IEUNERINANRIERNTlANNUY ﬁ”ﬂmﬁm

The British Building Research A#&F19aun SiNamIANuEIaN  189N195suneanIA
=y d' o = ot qgl’
PRI B ANNITIAUAL A9

e Q
A

Q

= Wunaesdauils

0.025

o ]

A.xVr

= Bunenianewludngm A, /3R

Vr o= AnaEasumauenluseil aAvngaaeiuatwmlantinsiig

anyBdiaFeumaueniiaaEe 1 nasma RisvAuaNgd 10 8. AnvuRy
waz featlnaunn 1/3 1autls  wlaliinui 3 x4 wme

A = 1/3x3x4
Vr = 1 nN.4./T4.
Q = 0.025 x4x0.28

ll

4
0.28
0.028

101

ATN.
14./AuU9

ALLNAUTN

ALLN/TA.

fesfenanage 45 wes 1BunmesiesfiA iy 4x3x4.5 iFR 54 aUA. 0N

FRNNINTIZUNE@TNTA 2 air change 1BNNmsaNNATIcNeWAziniL 2 ihaes 54

1 108 ALLU/MN.  NuRTeautinsain wua lusaatnaiaunaldnndiiaasasiduantias

audayqRaeandunangaunnamuastiaqiiu ivuadestladunnaesiauiaszune
v 1 1
annAsiaalitiasndn 10% aasiuiivie dnRansunALNNTIsaasng
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Feaml el 12 mea. Ruideaila A = 1.2 m7.8.(1/10 ﬁm'ﬁuﬁﬁm)
1FNNTUNNTONEILNIBIRANNA Q = 0.025x1.2x0.28

= 0.008 ALLN. /U

= 30.25 [ALLN. /TN,

= 3025/4x3x4.5

= 0.6 air change

Feazsiulidsnadienunludedyoffmauianganmanues  lEiamuanisszLfeeneA
1Rqndannmsgausnn

246 MSIFUNERINIAAILIENITRDLAINRIAINIA
(Stack Effect/Chimmey Effect)

UNANNEINIA LHHANRARURANNEIINGR 1G0T RRNLULANANT IHAANNT
sneeMAdIEARN M nnsszuneennAdaeRan sy Udes(Stack Effect)
nseanuuLazldudnaesmnuuansiaasanmgienniusatan lunsiinsziaay o
anaz mmmﬂmﬁmﬂmm’aulmm FunaunmFanunsaiuanuFauliunu dnuuen
pa91laaenselanmosiuseuEulans 1y WHUNAWAY WHIUAN LATAIINIAAT LANLARAY
mlu@’m']ﬂluﬂafaqmmunu@qmmmvnummﬂmiﬂ fmmﬁﬁ‘@umaaﬂmmwﬂﬁmmn
Wfimeuin TnsazAsaniafifundanidassne veannaewenenesdnaunud &1
s lildesTinaannnefiazazaneadeuliluiiamaatenldes asinliAnns
dneneniaeteradiasididuaaue denmpiluldesgendgampiinigluenens
annfasnliAansivafiausesenmdsnntumalilion  ennfiazdesinlfgnmnily

. ; il o X
Uaasgandnanungivialinieluenas 10 esmaadasuly’

(n) (1)
; ™ -
AT 2.28 ﬂmngm@rﬁﬂ@mmmmﬁ%‘@uﬁmmuluﬁsa‘wmm Ein
(n) (@) wanlWizandu Wiusaatinaldannumngnw
=Y = d‘ 9 o’ v 3 dy v b 1
(@) nezlaa@wReuuas Salduannisszuneannafautugdilen aaunaousiiilu

NNTIZLNEANNTAUATNEITNTRTIFRINGT Stack Effect

*Adns gassosond, pRanAdnauazmsasnuuusaninenssy. ngamwy. aontunatulatingzaay

LNANANANUIAIANTZLT
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o e \
auneanhssinihnlaas( Py,T, ) _.--b da9auaan( Py = Py + P, Tg)
L
---------------------> ﬂqnqﬂ‘nqﬂiu(Pz‘Tz) ----‘.
daaillnandn I

AN 2.29 N3TELNEIANNTAREUABIRINA

nadiueenBinnennd = MVI—MV2
fﬁﬂmuﬁwﬁnmmmmﬂmﬂuﬂnf‘ﬁqgmmu?ﬁmﬂmsmmﬂﬁqﬁm‘ﬂmm F = MVI-MV2
V1
AnAaNNIEiNuMAuaeNLida PV = MBT
LPNBAN LS9 V2 = B,
P2
Vi = BTy
P

We T1 lugnimgieniAnneuen

12 dugamgRennidnnely

L a

v
"audns dnez, nMsesnuuuaAsAvRugRaanAeeiauEy. g, TRaWuisginaantad

URINLAE : 2541
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idiasanndinsluatesainiAiinunAsuaINA(Pressure)@sintane el P1= P2 el
UWNUAT V1 ey V2dusuuseaatsin(Buoyancy Force) 161
F = ([d2-T1)
T1
or =l ?-lz 1 o dl a: s | = n‘z | d‘ =
unassFRRNAGwssALTenn i telln aunszivaeeeanllaniaesdailinnngs = L
NUVFANAINURINNATINGEIIN = U39 X T2EEN
NRIULALILE(Potential Energy)asiAnmail Z = FLU = uUR@-1
m
dl o’ 13 1 1=l 1% [ o i g | as
lunnsinfausaugaentlassainiaiivaesnilldndsuaati(Kinetic  Energy) 1vifiu

nAuALetueay  FaeunuAisonainid 1 b avld

W = LiTeeTi)

29 il
Fagnazldinnsnialunisivaresenianname ey W= / Sg (T2 = T1)
(Inedwioeldnawiu Wesledun fus) N T1

v ' ' [l o 2 = [ 4 o A 3 i’/ |
n'm'1rmmfﬂmqmﬂwuqammewmsmﬂumiﬂmmmdﬂﬂummu’l.umﬂﬂmqmmm

tﬁl ' < i = =l L
2w wazAANEauanmioenduy WaAuw azld

W = 4821 xOxA:/(TZ - T1)
il
d W = damaruiiaeanslua Wedand (#3min)
0 = drdeunisiualnediaonitlnreslaes
saenagoudau] = TA19Ewdng 03-05
A =  fuiimesaensaenldes = o2 (ft2)

= AYNGIAINNNENURIRINA taszAuLnlaes = Ww (ft)

T = eaupiassennidnauanitnniada (°F)

q a

T2 = amuvninealu (°F)

9 a
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STACK EFFECT

AanNsAREUNTeIaINAAAARINNLANFANTEIa M TaNdNuATTesaNERN

PANAVLNLLLTRINTAT O 8961 dg = 1293  kg/m3
zgm‘mmm’lmmuﬂuﬁ@mugﬁﬁm f
dt = 12932730 T ..occvis ittt s s st (1)
T@liﬁ% T = absolute temperature oK
17; g = The gravitational acceleration = 9.81

WHBAMNLANFANIBIANNABINIATZUIN TeeaNdn WAL Ta9aNaan

RINIANANNNARINFA(stack pressure)

p = hx g x (dg —d;)
= hx9.81x(1.293x273/To—1.293x273/Ti)
Ap = hx 3462 X (1/T0 =1/ Ti) cevveeeeeerinens. (2)
\3ie T = 0K
h = ANNGY (m)

Ap = Pa (Pascal)A useful rule of thumb is that Ap = 0.13 Pa/K per storey)

gRINTUILTUIMIANMTIANULL stack effect

0.827 X A X . |Ap.... .................. (3)

Vr =
L A = HundesanniA(m?) A = A1+ A2
A12 + A22
Vi = 1BRmsamsaN (md/s)
ORIIRNE N

To = 280 = 301 OK THAMNWUMUWYNAL dyg = 1.293x273/301 = 1.173 kg/m3

Ti = 320 = 305 0K Fedlmonumuuiiyindu dy = 1.293x273/305 = 1.157 kg/m3

2/

[} h = 4 A7

h x 3462 x (1/To — 1/ Ti)

ANGAT Ap
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= 4x3462x(1/301 - 1/305)

= 0.6 Pa
198 = 4x9.81x(1.173-1.157)
= 0.6 Pa

ANgGAT Vi = 0827 xAx JAp
= 0.827 x 0.5 x. |0.6

= 0.32 md/s

& a 1
2.4.7 ansnawrasnsnuatinigluiassani1ssEueaInIA
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5 4 Mol " RS PV
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AGROCLIMATOLOGICAL FOR (1989 - 1998)
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Station BANG NA Elevation of station above MSL 3.00 m.
Latitude 136 N Height of thermometer above ground 1.25 m.
Longtitude 100.6 E Height of wind vane above ground 10.00 m.
Height of rain gauge 1.00 m
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Air Temperature (celcuis)
Extreme maximum 358 370 376 400 392 375 368 366 356 352 355 351 400
Mean maximum 324 331 342 356 352 341 333 331 329 321 319 313 333
Mean 273 283 298 311 308 299 294 292 288 282 276 264 289
Mean minimum 221 235 254 266 263 257 254 252 247 243 233 215 245
Extreme minimum 140 1641 196 214 220 222 223 216 222 183 180 137 137
Grass minimum temperature (celcuis)
Mean minimum 186 207 234 253 250 245 242 240 238 230 206 1841 22.6
Extrem minimum 85 100 135 19.0 222 200 218 210 220 140 142 73 7.3
Water temperature (celcuis)
Mean maximum 300 316 332 347 342 331 325 3214 322 318 305 29.0 321
Mean 248 263 282 294 292 284 280 277 277 272 255 238 272
Mean minimum 196 21.0 231 241 242 237 235 233 232 225 204 185 223
Relative humidity (%)
Extrem maximum 100 100 100 100 100 100 100 100 100 100 100 100 100
Mean maximum 91 91 91 90 9N 89 90 90 93 91 86 87 90
Mean 68 69 71 70 72 72 74 74 15 74 68 67 71
Mean minimum 44 47 50 50 52 54 57 57 57 57 50 46 52
Extrem minimum 23 15 20 14 32 34 39 39 40 38 29 K 14
Soil temperature(celcuis)
Mean at serface 286 298 316 327 319 310 302 295 290 286 284 280 299
Mean at 5 cm. 295 309 327 340 329 316 309 3041 293 29.0 294 287 308
Mean at 10 cm. 291 305 324 336 327 314 307 304 295 2941 291 283 305
Mean at 20 cm. 206 309 327 340 333 321 314 305 299 296 29.7 290 3141
Mean at 50 cm. 295 2841 - - - 36.1 - - - - - 31.2
Mean at 100 cm. 42.0 - » - - 33.0 - - - - - fo !
Rainfall (mm)
Total amount 177 119 338 643 1881 1579 1660 2306 3539 2517 287 24 1507
Number of rainy day 3 3 4 6 14 15 17 19 22 17 5 1 126
Greatest in 24 hr 641 36.0 623 665 1859 1284 792 823 1262 1263 8441 76 1859
Evaporation(mm)
Mean Evaporation 4.1 47 55 59 54 4.8 45 4.3 4.0 41 43 45 4.7
Wind
Prevailing direction NE SW SW SW SW NE NE  NE
Mean speed (m/s) 0.8 1.3 1.6 15 1.0 1.1 1.1 1.0 Q.7 0.9 1.1 1.1
Sunshine duration (hr)
Extreme maximum 99 105 108 112 116 117 115 110 103 105 104 9.8 1.7
Mean ad] 89 8.7 9.0 7.0 58 5.3 4.6 4.7 58 7.5 8.2 7.0
Remark : "-" indicate missing data AGROMETEORCLOGICAL ANALYSIS SUB-DIVISION, AGROMETEOROLOGY DIVISION

DATA FROCESSING SUB-DIVISION, CLIMATOLOGY DIVISICN

METEOROLOGICAL DEPARTMENT
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BANGKOK METROPOLIS period 1989-1998
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BANGKOK METROPOLIS period 1989-1998
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BANGKOK METROPOLIS period 1989-1998
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BANGKOK METROPOLIS period 1989-1998

2.0

WIND SPEED[m/s]

I I 1 I 1 1 I

NE S S S S SW SW SW SW NE N Ng DIRECTION

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MONTH

| Mean speed (m/s) |

ueiTif 3.10 MEAN WIND SPEED(1989-1998)

N

—— TOTAL MEAN WIND SPEED ¢

ueT 3.1 TOTAL MEAN WIND SPEED(1989-1998)



A1319% 3.2 LARITALAZAINITIANIRRLIINRIABUTBINTINWHUUATN. A, 2532-2541

72

Monthly frequency distribution of wind in each speed and direction [1989-1998]

January N NE E SE S SW W NW Calm Total February N NE E SE S SW W NWCam Total
kts [km/h| m/h | m/s 53 53| kts |km/h| m/h| m/s 35 35
1-3| 26 [1.2-4/0518) 2 21 23 1 46 1.8 06 09 16| 13| 26 [1.2-4|0.5-1.6/0.7 1.1 1.1 06 9.8 1.6 03 02 15
4-6 [7-11| 5-7 |1.7-34/1.2 41 3.7 13 66 51 05 0.3 23|46 |711| 57 [1.7-34 14 18 31 15 18 58 1.1 03 33
7-10/12-19)8-12|3.5-55/03 2 23 04 14 13 02 O 7.9|7-10(12-19|8-12|3.5-55/0.1 1 1.5 05 59 51 04 0.1 15
11-17)20-32/13-2056-8670 0 02 03 0 0 0 0 O 0.5 |11-17/20-32[13-2056-6.7) 0 0 02 0 03 11 0 0 16
Total 35 84 86 27 13 82 13 1.2 53 100 Total 22 39 59 26 34 14 18 06 35 100
March N NE E SE S SW W NW Calm Total April N NE E SE S SW W NW Cam Total
kts |km/h| m/h | m/s 29 29| kts [km/h| m/h | m/s 34 34
1-3| 2-6 [1.2-4{0.5-16/04 02 0.7 1.1 98 15 04 02 14 1-3 | 2-6 |1.2-4[0.5-1.6/0.56 0.3 08 05 11 15 1 03 16
4-6 |7-11| 57 |[1.734/0.7 1.1 14 1.7 23 7.1 06 0.2 35| 46 7-11| 57 [1.7-34/05 06 1 21 22 6.1 12 03 33
7-10|12-19/8-12|3.5-5.5/0.3 0.3 0.8 0.6 9.2 6.7 04 0 18 |7-10(12-19|8-12(3.5-55/0.1 0.2 0.3 08 7.8 6 04 0 16
11-1720-3213-2056870 0 0 01 0 1317 0 O 3.1 [11-17/20-32|{13-20(5.687/ 0 0O 0 O 07 1 0 O 1.7
Total 14 16 3 34 43 17 14 04 29 100 Total 1.1 11 21 34 41 15 26 06 34 100
May N NE E SE S SW W NWCalm Total June N NE E SE S SW W NW Calm Total
kts |km/h| m/h| m/s 46 46 | kts |km/h| m/h | m/s 47 47
1-3 | 26 |1.2-4/0.5-1.6/0.5 0.3 0.8 0.8 88 1.9 1.8 0.1 15| 1-3 | 2.6 |1.2-4|0.5-16/0.2 0.1 05 05 5 28 28 03 12
4-6 7-11| 57 [1.7-3.4(04 0.6 09 1.7 13 64 3 0.7 25| 46| 7-11| 5-7 {1.7-3.4/0.3 0.2 04 08 10 7.9 56 0.8 26
7-10[12-19}8-12|3.5-5.5{0.1 0.2 0.1 0.8 47 46 1.2 0.1 12 | 7-10|12-198-12|3.5565/ 0 0 0.4 0.4 3.5 61 32 02 12
11-1720-32/13-2056-87) 0 0 0 0 06 0.7 04 041 1.8 |11-17/20-32|13-20156-87) 0 0 O O 06 1.3 06 041 26
Total 1 11 18 33 27 13 64 1 46 100 Total 0503 1 14 19 17 12 14 47 100
July N NE E SE S SW W NW Caim Total August N NE E SE S SW W NW Caim Total
kts |km/hf m/h | m/s 46 46 | kts |km/h| m/h | m/s 47 47
1-3 | 2-6 [1.2-4/0.5-16/0.3 0.2 04 04 54 3.1 3.1 04 13|13 | 26 [1.2-4]0.5-1.6(0.2 0 04 04 41 27 38 05 12
46|711| 57173405 02 02 1.1 95 8.3 6.9 08 28| 46 | 7-11| 57 [1.7-3.403 0.2 04 06 8.1 87 83 1 28
7-10[12-19/8-12|3.5-6501 0 0 02 29 43 3 05 11 |7-10{12-19|8-12(3.555 0 0 0.1 01 2.3 47 3.6 04 11
11-17120-3213-205.6-87) 0 0 0 0.1 0.3 0.7 04 041 1.6 [11-17|20-32|13-205687) 0 0 0 0 0.2 08 0.7 02 1.9
Total 09 04 06 18 18 16 13 1.8 46 100 Total 05 02 09 1.1 15 17 17 21 47 100
September N NE E SE S SW W NW Calm Total October N NE E SE S SW W NW Calm Total
kts [km/h| m/h| m/s 61 61| kts |km/h| m/h| m/s 61 61
13| 26 [1.2-405-16(08 05 1.2 02 3.1 23 23 0.7 11| 13| 26 |1.2-4/0.51.6(3.1 23 2 04 19 07 08 1 12
4-6 [ 7-11| 57 1.?-3;1.3 1 11 1 46 43 59 18 21| a6 |7-11| 57 [1.7-3.4/44 52 3.1 08 19 13 1.3 09 19
7-10|12-19|8-12(3.55.5(0.2 0.3 0.3 0.3 1.1 22 2.3 0.1 6.8|7-10|12-19|8-12{3.55.51.2 24 1.1 0.2 0.4 0.7 04 04 6.8
11-17120-32/13-2¢)5.6-87| 0 0 01 0 01 02 02 0 0.6 |11-17|20-32|13-20|5.6-8.7/ 02 02 0.2 0 0O 0.1 0 0. 0.8
Total 23 18 27 1589 9 11 26 61 100 Total 89 10 64 14 42 28 25 24 61 100
November N NE E SE S SW W NW Caim Total December N NE E SE S SW W NWCam Total
kts |km/h| m/h | m/s 53 53| kts [km/h| m/h | mfs 54 54
1-3 | 2-6 |1.2-4/0.5-1.6/5.3 3.7 1.7 0.1 09 03 0.8 1 14 [ 1-3 | 26 |1.2-4/0.5-1.6/6.3 3.8 2.3 02 1.1 02 04 1.3 16
4-6|7-11| 57 [1.7-34/73 9 44 0.7 09 0.7 05 14 25| 46| 711 | 57 [1.7-3.484 7.7 4.7 04 0.7 06 03 1.3 24
7-10{12-19/8-12|13.5-5.5/1.8 3.2 1.7 0 0 04 04 041 7.6]7-10|12-19/8-12|35-55(1.1 2 19 0 03 03 0 02 5.8
11-1720-3213-25.6-6.7) 0 04 03 0 0 0 0 O 0.7 [11-17|20-32{13-205.6-8.7/0.1 0.3 02 0 0 01 0 O 0.7
Total 14 16 8.1 0.8 1.8 14 1.7 25 53 100[ Total 16 14 91 0.6 21 1.2 07 2.8 54 100
Remark : kts = KNOTS 1 kts =1.853 km/h = 1.151 m/h = 0.514 m/s
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A159N 3.3 dayaniiannid nna.(2541)

AGROCLIMATOLOGICAL FOR 1998

Station BANG NA Elevation of station above MSL 3.00 m.
Latitude 13.6 N Height of thermometer above ground 1.26 m.
Longtitude 100.6 E Height of wind vane above ground 10.00 m.
Height of rain gauge 1.00 m.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Air Temperature (celcuis) ’
Extreme maximum 360 364 374 380 380 353 371 360 344 357 353 350 38.0
Mean maximum 33.2 337 349 351 355 337 334 321 312 324 316 310 333
Mean 291 300 308 316 314 304 299 292 284 290 278 272 29.6
Mean minimum 259 273 280 291 288 277 272 268 261 262 251 237 23.7

Extreme minimum 229 246 202 245 240 242 235 236 236 247 228 198 19.8
Grass minimum temperature (celsuis)
Mean minimum 97 230 235 261 - 246 242 244 240 - 215 -

Extrem minimum

Water temperature (celcuis)

Mean maximum 328 338 347 356 - /2 375 340 3241 - 329 -

Mean 307 328 335 3441 - 343 337 314 302 - 285 -

Mean minimum 180 210 196 223 - 235 211 200 204 - 16.2 -

Relative humidity (%) ' )

Extrem maximum 98 97 91 96 97 99 100 98 99 99 98 98 100
Mean maximum 84 88 83 84 85 83 87 88 92 90 85 80 92
Mean 70 76 72 73 72 73 76 7T 83 78 74 69 74
Mean minimum 50 59 55 56 55 59 62 64 71 63 59 55 50
Extrem minimum 29 40 36 36 34 49 47 46 55 42 46 43 29
Soil temperature(celcuis)

Mean at serface 299 317 347 348 - 328 322 306 296 - 28.8 -

Mean at 5 cm. 300 317 349 350 - 329 322 30F 2890 - 29.2 -

Mean at 10 cm. 295 312 339 342 - 325 320 309 300 - 29.2 -

Mean at 20 cm. 299 313 340 343 - 325 320 308 3041 - 29.6 -

Mean at 50 cm. - - - - - - R R - R : =
Mean at 100 cm. f - - 2 & 5 = - 5 = _ _

Rainfall (mm)

Total amount 447 332 09 556 2314 2242 2229 4487 5911 2023 189 - 2,073.9
Number of rainy day 2 4 1 4 14 16 15 22 21 15 8 - 122.0
Greatest in 24 hr 419 168 09 309 485 858 623 1036 1120 623 5.8 - 112.0
Evaporalion(rnm)m -

Mean Evaporation ~ 39.0 4.8 5.6 59 - 5.2 45 46 35 - 4.1 -

Wind o ’

Prevailing direction S S S S S S S Y W

Mean speed (m/s) 1.4 24 25 24 20 27 1.9 2.2 YT 15 20 1.8

Sunshine duration (hr)
Extreme maximum 9.2 9.9 9.8 9.8 98 9.8 9.7 99 9.3 9.8 8.6 9.4 99

Mean 7.8 8.8 9.1 75 4.4 4.7 4.2 42 4.2 5.7 6.6 7.6 6.2
Radiation(sun and sky) - - _ -
Mean maximum - 5 352.0 363.0 357.0 372.0 3410 3280 361.0 3190 3350 2290

Mean - - 1545 159.0 151.0 1180 1130 1120 655 850 655 790

Mean total per day . - 2179 2292 2,176 1878 1768 1,768 1451 1597 1496 1.501

Remark : "-" indicate missing data AGROMETEOROLOGICAL ANALYSIS SUB-DIVISION, AGROMETEOROLOGY DIVISION

DATA FROCESSING SUB-DIVISION, CLIMATOLOGY DIVISION

METEOROLOGICAL DEPARTMENT
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BANGKOK METROPOLIS period 1998
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BANGKOK METROPOLIS period 1998
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Monthly mean of Temperature Isopleths[1998]
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Monthly mean of Wind speed Isopleths[1998]

 |gmumgfiaglutaaindnnazinaune(27.1-30.0 'c)

gungiiaglutnannazinauie  (22.0-27.0 )

AMLERa 3.1- 4.0 Knots

Degree,Knots
1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 [10:00|11:00{12:00| 13:00| 14:0015:00|16:00{17:00| 18:00| 19:00(20:00|21:00| 22:00| 23:00| 24:00
é Jan| 11|08 07|09 |07 (06| 03|06 17 1.4 2.1

g Febl 24 15| 1 |14 |13|09|09]| 12|17}
, |Mar| 23| 13| 1 |07 05| 08|15/ 18 28
o] k LW
% Apr| 18| 07|04 05|05 05| 1 23 3
: May| 16| 07 [ 04| 03|03 05| 1 [12] 16

Junf 1.1 [ 1109|0708 | 11|14 14|27 16

2 |Jul| 04| 02| 03] 02]03]03]07 08|15 |18 19 07| 05

é) Aug| 14| 06| 08|07 |08|09 1416 26 22 16| 11| 14

€ lsep| 1 [03]04]03| 0|03| 1 |11]18] 0608|0404

oct| 07| o | o | 0 |o03|os|os| 1 |[24}27]2 0408|0301

% Nov| 08 |03 02]03|02|05| 19|18 |25]2 _ 0812|1214

ué Dec| 08| 06| 05| 06|00|05]| 1417 2.5" 28 31 34 34 3. :" 2612414 11]11]|09] 09|13

m'mﬁ'mmﬂﬁﬂ =2 Knots AHLTIR 4.1 Knots%u'lﬂ AniaaN 2.1-3.0 Knots

ANHFaN 0.0-2.0 Knots
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Monthly mean of temperature and wind speed Isopleths[1998]

Temperature[Celsiius] 0.00
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1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 | 10:00|11:00(12:00{ 13:00| 14:00{ 15:00| 16:00{17:00| 18:00| 19:00|20:00| 21:00|22:00| 23:00| 24:00
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ittt ]oglor o9 ri| a4 2R :
Jul [223]27.9]27.7127.527.3127.2| 273 287 [ET 6 328 028
K o4fo2]o3]oz]oz]o3lor]as | 15 [iZBijoas 2.3 K
g Auq | 275|272 2711 26,8 26.8 | 26.8 | 26.9 [ 28.2 [ 25 A [T g 0 4130 0[28
5 O i 06 |oa |07 |08 |06 | 146 |[26]28 2:97172.67] v
2 |gop|26-8/26.6/26.4(26.2[26.1]26.1]26.2 27.4|28.8|29.8 jsife 0.8 0 22831 27.7|21.51274|272
Pl o2lo4foz3] o Joa| 1 |10 ]| 18 [2Gpes 9 a5 |os |08 |od |04
Ot | 27-1]27.0(26.8|26.6( 6.4 26.2| 26.4 | 27.8| 29.2 | 0 4 20.4|286(28.2|210[ 277|274
or| el oo los]oeslos] 1 [2ililazies al18fr1]o4]os]o3 o1
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§ a8 |03 |02 |0z |0z |05 | 16| 18 [RE | Zg 14 |oa 2 [z 10
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8 Dec O l06 | 0A |28 106105 4| 17 pase l 8 id {1 ti |08 |109 |13
) i Y . He P y o we wd = vy aled T w
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1. The Effective Temperature Index (ET)
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mel : Bedford

daA : 1936

%’iﬂsxmﬁé’anqw TnemaaBINALIUINUARANUNTINAUIL 200 AU WANTIATTU
EW iliifiadniin e fenuushinianzdnssfuaraaeiigand 35 asaadus neld
A AUETNES u,a:ﬁ*zﬁumﬁmuwﬁ@qndﬁ 30 BAAIRTEA malm”ﬂmu%uﬁuﬁwﬁgq ua
savihsmanszuanA I uTsnnadeulnrasennA muldroamudinivdgs

4. The Operative Temperature Index (OT)

Tnel - Winslow, Herrington L&z Gagge

Uam @ 1937

Fhidnanmeg i Emaiau AU luasgeiEn snmagilandumdninn
AfNEIARATLINAST T EW 313§ OT i Wsasnemansznuannniousiiod uazanmgiines
anAdndaeiu LL[ﬁlﬂl@]‘Lﬁﬂqqu&qﬁmﬁ’ummﬁu LaemsnnaeAeulmaTeeNA 1R

=)

gtlbimsnzauiuanmwanmgingandt 27 esraaides’

"Wy 595, wwaannAnluEasn1azANanne, ngamny : AnzantinenIsNAanT dontiu

wmalulatinszaaundndammmneaianszily, (bidsngTang

oy

), W1 18.



90

5. The Equivalent Temperature Index (EqT)
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9. The Heat Stress Index (HIS)
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(Regression Analysis) ligRasatl

AMNANLAURI(c) = 0381V + 0.016RH

L3 V
RH

-y @ a &
Aa  AsaN(RlawmsaaTug)
Aa  ANTWANRYS (LU efidus)

anMAAERIn e AuAaEedeld (R2) = 0.94 AAnuEANATA
HIM3g11(Standard Error,SE) = 0457

annaanisanaagy Iidayedagidnduamndrgnmgiiennisaialszanm 04 °c il
ANEAMNTY 1 NU/TA.  EBTNLeNANB9RINsTUARNRIAREAYHSY 10 NaL/TN.
Vi3anlszanc 550 We/u (3?5@LﬂummL%fm:u"Lné'v’t.ﬁmﬁ’um’mﬁwmﬁmmm:ﬁumunmﬁ

Wuthniall) wudraunsaiadawudalushiag luanauiaainizis 1.99 % 1l 4.8 %
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15 o -{_‘;'-___ | 15 )
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0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Actual data Number of hour in comfort zone 1.9 % Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.2 % Number of hour below comfort zone 0.0 %
Total 2.1 % Total 0.0 %
Tl'c] Tl'c]
MARCH APRIL
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35 e 35
30 N \\ 30
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15 L, - kg 15 2 e el ] i L TP
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D 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Actual data Number of hour in comfort zone 0.4 % Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 % Number of hour below comfort zone 0.0 %
Total 0.4 % Total 0.0%
Tl'c] el
5 MAY . JUNE
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35 35 \\ :\ ¥
a0 30 \\ —™N Sy
\\ 25 N -’Q-’
25 i E—
E Ao
20 20 S “:i
3 Fin b= T =g
Ry 15 \\”(”‘\a o M e ] B L
15 e =
\'"“-__‘ _-‘-—‘—_"‘—_'lkhku
10 e
10
0,
0 10 20 30 40 50 60 70 80 90 100 RH(%] & 0 W oue A e T B 30 100 RHbH
7:00-10:00 * 11:00-17:00 18:00-22:00 = 23:00-6:00
Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 % Actual data Number of hour in comfort zone 0.0 %
Total 0.0 % Number of hour below comfort zone 0.0 %
wingmn - Whualsy Aereuamaine(Olgyay, 1963) Wuiiu Aetauamaine(Auliciems,1981) Total 0.0 %
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0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Actual data Number of hour in comfort zone 0.0 % Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 % Number of hour below comfort zone 0.0 %
Total 0.0 % Total 0.0 %
T SEPTEMBER Tle]
i e OCTORBER
Y M,
40 \ \ 40 \ \ \\
35 35 g2
ERLw T b\
30 \ P 30 \
25 - R L 2 [
ey o -
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L ~ LT La
2, | e N e ™ (e = T e
15 it i 15 g
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10 ] Wi i 10
0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Actual data Number of hour in comfort zone 0.0 % Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 % Number of hour below comfort zone 0.0 %
Total 0.0 % Total 0.0 %
Tl'c) Tl'c]
i NOVEMBER - DECEMBER
40 \ \ \ \ -
\\ i
35 \ \ 35
0 \ Y> < 30
'.\\ ) %
25 1 S e 25
- TR
20 4— ., SO s O D 0 ":"— -
irgy) ~. "-—.._____- _"'L_y_
2 T s A s e A oy
=y —— 15
10 i e
10
0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
7:00-10:00 * 11:00-17:00 18:00-22:00 = 23:00-6:00
Actual data Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 % Actual data Number of hour in comfort zone 5.8 %
Total 0.0 % Number of hour below comfort zone 8.5 %
winewg - halse Aereuisasune(Olgyay, 1963) (dufiu AnveaLiumaLne(Auliciems, 1981) Total 14.3 %
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0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Data with air motion effect Number of hour in comfort zone 11.0 % Data with air motion effect Number of hour in comfort zone 1.2 %
Number of hour below comfort zone 7.4 % Number of hour below comfort zone 0.0 %
Total 18.4 % Total 1.2%
Tl'c] el
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0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%]
Data with air motion effect Number of hour in comfort zone 1.4 % Data with air motion effect Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.8 % Number of hour below comfort zone 0.0 %
Total 2.2% Total 0.0 %
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0 10 20 30 40 50 60 70 80 90 100 RH[%] 0 10 20 30 40 50 60 70 80 90 100 RH[%)
BEp EE e Mumberaf hour in comon zone 0.0% 7:00-10:00 ¢ 11:00-17:00  18:00-22:00 = 23:00-6:00
Number of hour below comfort zone 0.0 %
Total 0.0 % Data with air motion effect Number of hour in comfort zone 0.0 %
Number of hour below comfort zone 0.0 %
wanew : s Aereuinaine(Olgyay,1963) Wuiu AeteLmngLNE(Auliciems,1981) Total 0.0 %

LEUNTIT 3.26(n) waRsARHANWUSTBgIIMNTLAZ AT ATl T BB WA T
TnanmagauanuruRiulelaauin (MAaTIan 10 km/h(2.77 m/s) )
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Data with air motion effect

Number of hour below comfort zone 0.0 %

Total 0.0 %
T['c]
. SEPTEMBER
40 ]
35
30 i
25 =
20 £, ==
‘\\’,_f'z:.‘)b G
15 S 7 i
T L
10 e
0 10 20 30 40 50 60 70 80 90 100 RH[%)]

Data with air motion effect

Number of hour below comfort zone 0.0 %

Total 0.0 %
T
e NOVEMBER
40 \ \ \\
- \ by
R s
w0 \\ \ \ \\\\\~
T W K
25 s \\L [ *
20 4 o e
\-l’t"-"?p 5 e .
15 e e
e ST B LY [T
10 RS s
0 10 20 30 40 50 60 70 80 90 100 RH[%]

Data with air motion effect Number of hour in comfort zone 3.3 %
Number of hour below comfort zone 9.9 %

Total

wanewe « s Aeveuiaraune(Olgyay, 1963) Huiiu AeteLimRgsLNE (Auliciems, 1981)

Number of hour in comfort zone 0.0 % Data with air motion effect

Number of hour in comfort zone 0.0 % Data with air motion effect

13.2 % Dala with air motion effect
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0 10 20 30 40 50 60 70 80 90 100 RH[%]

Number of hour in comfort zone 0.0 %

Number of hour below comfort zone 0.0

Total 0.0 %
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sl B
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25 -3
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N__‘?\E‘" \\‘ ] -;.-:,‘,:
15 Nt —— 7
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0 10 20 30 40 50 60 70 80 90 100 RH[%)

Number of hour in comfort zone 0.1 %

Number of hour below comfort zone 0.0 %

Total 0.1 %
Tlcl
DECEMBER
45 \
40
35
30 \\
25 .
° T,
15
10
0 10 20 30 40 50 60 70 80 90 100 RH[%I
7:00-10:00 * 11:00-17:00 18:00-22:00 = 23:00-6:00

Number of hour in comfort zone 4.7 %
Number of hour below comfort zocne 23.4 %
Total 28.1 %
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3.3.2 meafuruiiratiangLie s wnun lalasiuasn(Psychrometric Chart)

uwruniilalasusin  huedesiienteadeanuunlunisulavizadudeyaainidlnemss
P o = &£ o 3 a 7 =
wadenldauaunsuvanzanlunisesnuuy aainlaanslddayanlennidis 12 e
atlulnunindAweuisngLne(Comfort Zone) himyamna/ludnaauiznainauantdd

2 | v E74

pRamaluiuidueyluanioniawne  deenuuuazsdasinmanmennididuiilviiy
anansld witihdayaannalilder lwreuianaunadeanuuuazsesiansunammugiianniea
9 | ¥
Wuiithe dmamineBialaandaslunisdiusnmgiiannissesenansiieludasaeuian

AUNEININNGA

Humidifying
Heating ~-Humidifying

. Sensible Heating

2
il

! a . Chemical Dehumidifying

m o o @ >

Dehumidifying

Q

A
N
(1]

m

Cooling - Dehumidifying
// F ° G. Sensible Cooling

A g
E
( H. Evaporative Cooling

Comfort Zone
Natural / Mechanical Ventilation
. High Thermal Mass

. Evaporative Cooling

mo o ® >

High Mass with Nightventilation

-n

Conventional Air Conditioning

= . Humidification
= ! . Passive Salar Heating

y L : +
: 1 7. H
i : H ! &~ D
SR s G o - - i —bt'u I.  Active Solar / Conventional Heating

I

WEUNTT 3.28 uanumaialunsfuanmgiiennialaaugillalasiusin

(Climate- condition processes.)
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Psychrometric Chart : saturation humidity line.  Psychrometric process : heating and cooling.

/- —] 20 =
/ 2 B
& 20 T
§‘°°$ 16 %-
Ll e
A4 2 il
8 .; /Lf‘r-m!.:ne H-: ting
43 /
56 o * (]
1 20 30 40 50

Dry bulb emperature (DBT) = °C

Psychrometric Chart : relative humidity lines. Psychrometric process ; dehumidification by cooling.

F.d
5 /]
&,\.// ,/ Dew Point /
% / £l L
o .6“’?:/1 : Amount of
é : r"/ o@\&(:;/, . condensation
e o -
e RV 1
1 wl L1 '
és_ i ] r

Relative humidity lines (RH) : % Dew Point Temperature

Psychrometric Chart : wet bulb temperature lines.  Psychrometric process : adiabatic humidification.

(evaporative cooling)

\_\\
~
\\
==1- < <o
N st _IHumldtty
\"i _ | _}increase
e
Wet bulb temperature(WBT) lines : °C Temperature reduction
Psychrometric Chart : enthalpy lines. Psychrometric process ; adiabatic dehumidification.

1o, 120 130 (sorbents)

L ~ Moisture removed
L _by sorbent

) 10 20 3 4o
Enthalpy (H) Lines : ki/kg Temperature increase
Psychrometric Chart : specific volume lines. Psychrometric process : mixing.

—-Al,

——AH,

—AH,

Specific volume(sv) lines : m3/kg

=

WEUNEIN 3.29 uanan1seuATB LN lalasusEn
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[
o =g

AMNNITINAFBIURY Auliciems LAZSV. Szokolay., 1981 fuNTnANUILTaLLRALNY LA

WA RTMNTAN A NgRs
Tn = 17.6 + (0.31 x To. av )

Tmed Tn = fU)NMNNZAN(Neutrality Temperature)
@
Toav = ALARUGNMNNAREATIIL(Mean Temperature) tneildAn
mean max Temperature WAZAT mean min Temperature
di 2 ql:ll : ] 2 ndl 9L
Lﬂﬂiﬂﬂq Tn @mﬂgu'ﬂmuﬂmu'ﬂﬂ 2 ﬂqLLﬂQﬂqﬂqﬁ'ﬂﬂTﬂﬂﬂL‘ﬂﬁﬁ]‘ﬂQﬂqmﬁQNWLﬁm']gﬂuiﬂqqﬂ
Tn+2 waz Tn-2
= =4 ai o=l =4 or =8 9L = 2{ 1 ar
Set Line Slope An idufnyeefiacad@nvilawiufiaudin anmpl uszpnuduiensieiulag

AN SRNgms
Set Line Slope = 0.025 x (Tn 14 ) x AH

e Tn = eouumginmanzan(Neutrality Temperature)

AH = AIANTUEVE(Absolute Humidity)

9
AMNNNINAREITEY Auliciems, 1981  WLINAIAMNTUAVIS(Asolute humidity)adsae/ly
d9q 4-12 g/kg tharaiugnbeguandaefanaasinlinywiandadn AaliAmimsg

aMnEu AHT 4 uaz AH %1 12 ihennuuadasauianguis s

=

AN9NT 3.12 dayagReiniAvildlun1sAT M8 LIIARLINE BN TUNNY 2541

a a

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  mean

Tmax 332 337 349 351 355 337 334 321 312 324 3186 3 33.3

SdMax 12 11 0. 08 14 1 17 18 13 16 21 28 135
Tmin 259 273 28 291 288 277 272 268 261 262 251 237 27
SdMin 14 T4 18 15 18 14 18 13 1 08 14 21 14
Tsd 05 07 04 08 13 1 14 13 09 1 15 22 1

RH am 84 88 83 84 85 83 87 88 92 90 85 80 85
RH pm 50 59 55 56 35 59 62 54 71 63 59 55 59
Rain 45 33 1 56 231 224 223 449 591 202 19 0 129

Irad 4648 5062 5456 2688 4992 4826 4661 4445 4228 4535 4532 4528 4502

“ Prof. SV. Szokolay. “ NMUSFLINEINLAL (784 ENERGY CONSERVATION IN BUILDINGS”

2543. pnuzanilaenssumans aotumalulatinszaannanatnunsaangzi



UHIBILUR Tmax

sdMax
Tmin
SdMin
Tsd
RHam
RHpm
Rain

Irad

=

102

= mean max temperature( 0C)

= standard deviation of maxima

= mean minimum temperature( ©C)

= standard deviation of minima

= standard deviation of daily mean temperature

= early moring relative humidity(%)

= afternoon relative humidity(%)

= total rainfall in month{mm)

= solar irradiation on horizontal(Wh/m2 day)

mn%’@mmmmﬂmmm;\‘nmww'mm‘ U W.A. 2541 ﬁqNqﬁﬂﬁqﬂﬂULﬁlﬁlﬂUﬂﬂiﬂﬂ?}%ﬂqﬁ‘

a L]

9
Auliciems WazSV. Szokolay. l#eail

Comfort zone Limits

Tn

mean max Temperature

mean min Temperature

98 U HILMALNE

Tn mean max 71259

Tn mean max # 29.9

Tn mean min ?1' 23.97

Tn mean min 9 27.97

Tn mean max

Tn mean min

Tn mean max

Tn mean min

Set Line Slope

AH max

AH min

Set Line Slope

Set Line Slope

Set Line Slope

Set Line Slope

I

1l

176+ (0.31 XT0.aV )oeoiniiiiiiiiieiieiiieeeeee 1
33.3 oC unAn TR
27 oC unuAn AN
27.9 oC
25.97 oC

259-299 oc ldanlaluunugiiinen AH

23.97-27970C  ldanlAluunufiinem AH
0025 x(Tn=14)xAH....oooiiiiiiiiiin, 2

105-133  unuAtlugaunsi 2
94 -11.9  unurnludunsd 2
0.025 x (25.9-14) x 10.5

3.12

0.025 x (29.9 -14) x 13.3

5.29

0.025 x (23.97 -14) x 9.4

2.34

0.025 x (27.97 -14) x 11.9

416
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30

BANGKOK a’/ka

ful 0.00
foT 0.83
foH 1.00

235

I~

e ]

|
=<1 P

~-10 degC 0 i0 20 30 40 S0

Dotted horizontal extensions to clinate lines:
doun to 14¥ of temperature minina and 864 of maxima

\
AN
VAN

uNUiR 3.32 wansseuaanazinaue Ui llauesn uasidudayagiienniea

TEILFAULRRE W.A. 2541

L L
AUl 3.32 wudingannilaoadudiinieguenianauianannviall  witos
sounpRlunaieudeasaludeuanaung  aviasasnuenwdaelunsfuanm
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UWAASIBNIATHIIMANNNITIATIAN TARBUTITeIe M AL FUaM WO Reane’

BAATNNNTANANLEUAENTAREUNUBIBNA FA1H1T0LTZNAMNAINITD I UNIT

1%
Lo

WNAMHERANANITIIRIaN (velocity) THAe

Il

dt 0.054 x V - 0.000045xV2.......... (OF) (v 'ladtfiss 600 f/min)

BXNV=V2 (0c)(v 1sitfin 3 m/s)

anununf 3.31 lunsuasasdrgnmpRninezi euisannaAda T2 1a T3 1lu

o=l

MARNTELLALBIPUNYRNTTAUAMNTUANAMEN 50 %  IAensaenereulamIes HR

(Humidity Ratio)fl 0.012 WaTANANNTUANANET 90% nmsadauiaasatnAiiuunig

|
acda

S T N R T VG TR e e f

FagiNg
To = 78 OF (25,5 °C) uwax V = 200 ft/min (1 m/s)
£ = 78+9 = 870F (=255-5 = 30.5 °C)
Angm? Tintercept = Ty + 23 x (T3—-57)xHRT3 [“F)
= T3 - 23 x (T3—14)xHRT3 (9C)
azld T intercept = 87+ 23 x (87-57) x 0.0136 = 984 OF

Il
%)
o
o

o
@]

30.5- 23 x (30.5-14) x 0.0136

T intercept

nseneaauasgunanaliincaEaan 200 frm (1 m/s) FafluanuGaaunziilulng
uasFiszAuANSaN 300 fmin (1.5 m/s) AMANEMIENNIAIRAT WA 89

= Xy a
mmmg\mﬂummmwﬂmmmmuﬁm 3.3

’ Henry J. Cowan, Editor. S.V.Szokolay. HANDBOOK OF ARCHITECTURE TECHNOLOGY. New

York : Van Nostrand Reinhold. 1991
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R399 3.13 MFBATIZTHANINYRAINTA KATIULLLANANSIMNNE AN MTLINTUNN(2541)

anitlsunsy ARCHIPAK  Climate analysis for BANGKOK(1998)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean range(K) : 7.3 6.4 6.9 6.0 6.7 6.0 6.2 53 5.1 6.2 6.5 7.3
Humidity cat. : 3 4 3 4 4 4 4 4 4 4 4 3
Day up. Limit : 280 270 280 270 270 270 270 270 270 270 270 280
Day Low. Limit : 23.0 220 230 220 220 220 220 220 220 220 220 230
Mean max. temp. : 332 337 349 351 355 337 334 321 312 324 316 310
Day — stress e + + + + + + + + + 4 +
Night up. Limit : 230 210 230 210 210 210 21.0 210 210 210 210 230
Night low. Limit : 170 170 170 170 170 170 170 170 170 170 170 170
Mean min. temp : 259 273 280 201 288 277 272 268 261 262 251 237
Night — stress : + + + +: + e + + + + + +
Indicator tot : *1 =12 *2=0 *3 6 4 =0 *5=0 6 =0

RECOMMENDATIONS for BANGKOK

Layout : Orientation : north — south (Long axis east —west)
Spacing : Open spacing to allow for breezes

Air movement : Single banked rooms for full cross — ventilation
Opening sizes Large : 50 — 80 % of wall surface

Opening position : In N and S walls, at body level on windward side
Opening protection : Full permanent shading

Rain protection is required
Walls and floors : Lightweight, of low thermal capacity
Roof construction : Light, with reflective surface, cavity between roof and ceiling

External features : Adequate rainwater drainage is important
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3.4 #3UdNNWNNRINIAUBINTUNWHUIUAT

auugd (Temperature) : 22-35 BIAIATA AMYTguNaLARDANST]

GusnauReungAanie PngALeuEINAN(13.79C)

Sugeuieununius
Ade (DR) © szanny 8-10 asAIAFA
AMMTUF RS (Relative humidity) : 20— 90 % mm”'-’ﬁuz_gqt.ﬁﬂuma@m%ﬂ

Ineawziaungeen — ganeu Jadutdosgge
daaanifiuasanwszaniing (Sunshine —duration) : Uszanod 5-9 Falua

HAnnndondeungAanien - wmen(7.5-9 Fala)

Hrntferastad (e ey — na1AN(4.5-7 ala)
ANTWAS IR AN Sa(Radiation) : leaenlszanns 100 tadAnunnudanieuiunan - Ranau
elu(Rainfall) - shuanirdiszanns 1507 Dadms

Sruaudufieumnannlugosia WEBHAAN-AAAN (UsTUNn 6 Liew)

a3 (Wind) - Annaaanati it 0.5-5.5 m/s ANNETIANTI 1.7-3.4 m/s 1N

3.4.1 MIBATEVANENAANNUANIN)NDINIATBINFUNWNINUAS

annfilénanasnudadndnansnsniinavianaainassn 4 Fazflunaiesunasenis
Usenfianaaanldiennis.26 3.27 wazd.33) wudnlutan IAaUSUNANLATIRaUNNTIAN LU
%qeLqmﬁﬁgﬁmmﬁmmmm@m?ﬂswﬂ’mwﬁqmuﬁ'zgm dowludasfiiaonandlulydlunetin
AvdwanasssngRundresannpato HeuwnARNEY WATREUNNATRUE dnuFuideuinl

o=l = 43 = =l a: cdld djll 9
wmmgmugmm:mmwgq @Gﬂ’lﬁ"ﬁ@ﬂtﬂﬂ\iﬂﬁﬂqﬁﬂﬁdF]QWEJ‘HHZSQL‘]J']N’U‘I’\HIWE]’IF’W’W AMNNITH)
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342 dagluuameamsaanuuumungejaas méa ulali(Carl Mahony)
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SOUTH NORTH
22 DEC 11.00 AM. 22 JUNE 9:00 AM.
Vertical Shadow Angle = 55 © Vertical Shadow Angle = 75 ©
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22 DEC 11.00 AM. > 22 JUNE 9:00 AM.
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o = r.‘i' ] =i :v 2
1. WA ﬂﬂﬂumyﬂmmumugumﬂum 2 AU
= AX k C=kAX R=1/C U=1/2R
TIRNTIER
(m) w/mx%) | (wim?x%) (m? x°c /w) (w /m x%)
y 1. fauenARUUan - g 2 0.044
— 2. fJuanu 0.010 0.879 87.97 0.011
oy el i
P 3. AgriaAsauey 0.080 1.154 14.42 0.069
4. usy 0.010 0.879 87.07 0.011
— 5 Adauemasily . = . 0.120
gq3 | 0.100 0.255 3.921
o 1 = [~ =l I.: 9
2. widneARUNTALAENANLUETLYY 2 AU
AX k C= KAX R=1/C U=12R
IUNTIAR
D (m) (w/mx%) | (w m2x%) | (m2x% M) | (wim?x°c)
- ’_‘] | 1. AfuaNARIUREn - - - 0.044
,l-—-] 2. fuany 0.010 0.879 87.970 0.011
= 3. ABUNIAUAEN 0.080 0.346 4.325 0.231
D 4. yuay 0.010 0.879 87.970 0.011
I——I —— 5. Aduenmeuluy = 4 - 0.120
' 594 | 0.100 0.417 2.398
ar e =l = :’I 9
3. Nuqﬂgiwuﬂﬂun?maﬂuguLiﬂuw¢ 2 A7
AX K C= KAX R=1/C U=1/4R
TIENIFIAR
.. (m) wimx®) | (wim?x%) | (m?x% m) | (wim?x%)
e 1. RFNBINIAATUNEN - : - 0.044
e 2. Juanu 0.010 0.879 87.970 0.011
g 3. ABUNTALLN 0.080 0.220 2.750 0.363
4. Jua 0.010 | 0879 87.970 0.011
i —— 5. Wauanniasnulu - - = 0.120
gou | 0.100 0.549 1.821
4. w984 C-PAC (Hdesannis) anuyuiEauma 2 du
AX k C= KAX R=1/C U=1/2R
FRERRFLET
(m) (wimx9) | (w/m?x%) (m? x% M) (w im2 x%)
y 1. HduanAR uuen % % g 0.044
T 2. juau 0.010 0.879 87.970 0.011
y 3, utiaiun C-PAC 0.085 0.213 2.506 0.399
1 4. tlusu 0.010 0.879 87.970 0.011
1 5. Nduanaauly - . . 0.120
g9u | 0.105 - - 0.585 1.709
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o - o o ¥
B, N?«Nﬂﬂuﬂ‘j‘[ﬂNQﬂi‘U’mWUquL‘i‘ﬂUﬂd 2 AU

3 AX k C= KAX R=1/C U=1/21R
TIENITIAR
) (m) w/mx%) | (wim?x%) (m? xc iw) (w im? x%)
- 1. AfuenieRIuuan . . - 0.044
2 Yuany | oot0 0.879 87.070 | 0.011 -
3. utlmeunImNealn | 0.075 0.130 1.73 0577
7‘4'.-gumu 0010 |  0.879 87.970 0.011 -
—— 5 fguanadmily ar i = 0120
gou | 0.095 - - 0.763 1.311
6. M4 EIFS Exterior Insulation and Finish Systems
. DX K C=KNAX R=1/C U=1/ZR
' ?’]Elﬂ’]ﬂ"m@
(m) w/mx%) | (w/m?x%) (m? x% m) | (w/m2x%)
’ 1. Mduannasnuuan - 2 - 0.044
r 2 AveReufn 0.004 | 0.0089 2.225 0.449
: 3. wiuiviutwaalsdu | 0025 0.035 1.400 0.714 )
, 4. Budneda | 0012 | 0191 15.916 0063 |
' 5. 49997198NA | 0100 - T e 0.160 N
f 1 6 @uduuedn | 0012 0.173 14.416 0069 |
ﬂ — 7. Afue sl = z - 0120
) as | OAS3 - - 1619 0.617
7 uﬁaﬁ@%ﬁmmﬂ?qLLniumﬂluunmﬁm mevenauuEeuvng
_ AX k C= KIAX R=1/C U=1/2R
TIEINTTIAR
) (m) wimx9%) | wim2x%) | (m?x% m) | (w/m?xOc)
Vi 1. fduanAafuuen . - = 0.044
2 nsufaddman | 0005 1.731 346.2 0.003 o
i gumf'{ﬂﬁ 0.020 0.533 27.65 0.036
4 dguecyriesfouriy | 0080 | 1154 14.42 0.069
& ';j{a}ﬁ _ | o020 0.679 48.45 0021 o
— 6 Aduanadndy | - - & 0.120 ]
gq3 | 0.100 0.293 3.41
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8. utlnapauniaufannieluynsziiies newenaiuFeumnad

AX k C=KAX R=1/C U=12R
TIRINNTVAR
(m) w/mx%) | (wim?x%) (m? x°c fw) (w /m? x%)
y l—.lll 1. AfuaniARuwen e g = 0.044
[ 2. nsuiesluan 0.005 1.731 348.2 0.003
,,' ! 3. Yunan 0.020 0.533 27.65 0.036 o
; 4. PRUNTALAEN 0.080 0.346 4,325 0.231
D ) 5. fJuanu 0.020 0.879 43.95 0.023
D —— 6. RananiAsuly - - - 0.120
gau | 0.125 0.457 2.188
_ - ' - e - i
9. WHRNAAFNANATILNY neluydiudiueia neue nmuuuwﬂumﬁ
AX k C=kAX R=1/C U=1/2R
i BRG]
| (m) (w/mx%) | (w m2x%) | (m2x% ) | (wim? x%%)
’ 1. Hguan@anuuan - = 5 0.044
2. anuyuFeunnd 0.020 0.879 48.45 0.021
| =
a , y
7 I 3. ?]Ell‘ﬂmnﬂﬁNLLN‘u 0.080 1.154 14.42 0.069
' 4. Yuanu 0.010 0.879 87.970 0.011
b 5. fuduuedn 0.012 0.191 15.916 0.063
— 6. Aasanmanulu - - . 0.120
g9 | 0.122 0.328 3.049
o 1 = -3 - nl.v I'd =
10. wilsnamaunsaudan noeluyduduuein nnaue nmugjmmumﬁ
AX k C= WAX R=1/C U=1/ZIR
[———] TURINTTIAR
' (m) (wimxP) | (w /m? x%) (m2 xOc ) | (w im? x°c)
y 1. AduaniAR uuan < s - 0.044
D 2. anuyuiFaunn@ 0.020 0.879 48.45 0.021
E 3. ARUNIALEEN 0.080 0.346 4,325 0.231
D 4. 48991997014 0.020 . - 0.044
D e 5. Hudaunin 0.012 0.191 15.916 0.063
L—_I Vs 6. AananniAsuly . " - 0.120
994 | 0132 0:523 1.912
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1. wriedgnany Y2 w24 iudaseinis 10 au. annfulEaunid 26

3 DX k C= K/AX R=1/C U=1/2IR
TIENTIAR
’ (m) (wimx%) | (wim?x%) (m? x% /w) (w im? x%c)
1. duanARIwWan 2 - s 0.044
2. anuuieumna | o010 0879 | 87.970 0011 ]
P ”3.7%§guaru L5 usiu 0.080 1.154 14.420 0.069
y 4. 484919870NA ' 0.100 o - 0.160
< 5. riniguany 2 usiu 0.080 1.164 14.420 0069 |
— 6. mm,_]uf’éﬂuma " 0.010 0.879 87.970 0.011
A 7. Aduanmagilu - = - 0.120 o
513 | 0.280 0.484 2.066

12. miaredgueny 2

ueu 24w Wutasanna 10 . Tadonagitidady 161 aruyuEeumtd 26m

. AX k C=KAX R=1/C U=1/ZiR
| TIENTIARN
} ’ (m) w/mx%c) | wim?x%) | (m2xPcm) | (wim?x)
1‘5—— 1. HeuanARuuen = - - 0.044
| 2. mmJ-;.u.‘:'-mm?«T | oot0 | 089 87.970 0011 7
- ¢ 3. "H-aﬁguam Youlw | 0.080 1.154 14.420 0069 |
—t 4. dRyinenALLY _HOU."VIWOO - - 0.606
ll elafat
it 5. riedguesy Y2 win | 0oso | 1154 | 14420 | ooee |
; | 6 erugudemd | 0010 | 0879 87.970 0011
| i FHeuanmagnly o | - - 0.120 /
T4 | 0.280 0.930 1.075
13. wifareneurauden 2 4u Budeseme 10 sy, anfuFeumd 26
3 AX k C= KAX R=1/C U=1/2R
TIENTIER
[:l ]:l ) (m) wimx%) | (wim2x%) | (m2x% M) | (w/mx°c)
D D 1. AduannAsuuan . 2 - 0.044
H CH- 2 smudeund | 00to | os7re | 87.970 oot |
I:[ D 3, peurimuden 0.080 0.346 4325 0.231 |
‘:[ s 4. dasdnainin | 0.100 < = o160 | |
[j E 5, ﬂ'ﬂuﬂ?ﬁ'ﬂﬁﬂﬂ ' 0056 i 0_2345 _@- 02?31 i N
S [ evwisomt | w00 ame | wow | o |
D l:[ A 7. duainasule - = . 0.120
g9y | 0.280 0.808 1.238
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14. uifsriapeuninuien 24u Budesainia 10 o, Tasouagidudede 16U arunfuFeumd 26

N AX k C= KAX R=1/C U=1/2R
L] il FIBNTTAR)
I:l l (m) wimx%) | wimZx%) | (m2x% M) | (wim?x%)
~ !:I : E 1. Afue AR uuen - - E 0.044
} 2. aquyuiFeund 0.010 0.879 87.970 0.011
l - = S =
tH— 5. ABUNTALAEN 0.080 0.346 4325 0.231
D ¥ :]——l 4. 4899798910 7ARUY | 0.100 - = 0.606
| -
1) 0| | sefer ] ] N
] i i 5. Aeunimugen 0.080 | 0.346 4.325 0.231
1 } ke aMuyuFeund 0.010 | 0879 87.970 0.011
El H:[ A 7. Afueniannuly . - e 0.120
5931 | 0.280 1.254 0.797
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1. AndantmsunsUsendangsu
o iTanTiiFnnasiuniuacuiei(Resistance) g
® AnirdeeinuAINNFau (U Value)an
o lilgrananufaurdaiinigyananuial(Thermal Capacity)ri;'l
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o Hastumsaduaasennalsa
o fdaing iy dann Adsu edaelunisasfieuuasiia
2. AndANR lUNNIReaF LA LLILATRE A
o fhiwinun Sacudiavguluniainanugs
e e ;AN udn rﬂhﬁ’nqﬁnms'i*umzﬁmmwumuzga
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o LiiflufummasiaguninuaranInwInRe
®  FANNAIENIN
e Haugnansalunisiulnga
4. AnANTIRAUNNITIURES
o dlanuanansolunsgadudendadeasiieuainnnelulis

H % i a 3
Eﬂﬁ"lx‘l‘ld’l 5.4 LLﬂﬂdﬂ’]i‘LLE‘EI‘ULﬁﬂﬁﬂﬁ?ﬂ:ﬂﬂuﬁlfﬂdaﬂ’w "‘1 Lw'aﬂa‘:ﬂ@umﬂﬁ%mﬂlumms

3 fimnnTasyiau
119 80-90%
319 70-80%
\ADY, AT 65-75%
Ty 40-70%
w1, A 35-50%
dienaau 25-50%
v Fuun 10-20%
viane 8-12%
uas i 7%
piN 2-5%
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fanalalaian uaziadBuNIIsA
o o ] 3 1 o o i
2. Fnsdauazgnaziieunduidnliluussennia Teauetfupaduresmua
neziniuiangzan
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s 1 & aor
nszanAAWAS(Tinted Glass) azfldaudounanvelansiaatuegluilansyan a9ei

o

namazitludagosananuiauaasiadntunszanadllld  nsansnuasazenanuFeudon

o

< ye & P Y @ % ™
ﬁuﬁl’)lﬁﬂLﬂ‘aquLu'ﬂﬂﬁ‘zqu'@mﬁQNﬂq "\’]ﬂuuﬂq3@‘\3ﬂquTﬂuﬂﬂﬂtﬂﬂﬂqﬁ‘WqLLﬂzﬂq?LLmea

a

2
o o

TneidesaBanufaunauaneenlivisaassiu  seulidinszansauasasitlss@vanings

e

¥
or

Wienla Aazanunsnananuiaull s aumnitayinti

O LN

Reflected 9% 2 .:\\%&Transmitted 75 % Reflected 7% ,&? .%: Transmitted 43 %
£ L :

Reradiated 8% Reradiated 8% Reradiated 25 % : Reradiated 25 %

Excluded 17 % &
X

ol

Excluded 83 % Excluded 32% - § - Excluded 68 %

B

(n) (1)

NNT 5.59 LAAINNTAEINUANNTAULAINTZANEITNA(N) LASNIZANGIALAY(T)

nsEanNuUAINSaY (Heat Absorbing Glass) nszaniiadausqeiiiazanad 1
anunsniuadmnufauldituacng  TaaEanfmwialldnnszanfaWan(Heat reflecting
a a) o - s o ar ?-" =
glass) nsvanfaaN azgardaFaulidesinn Weweuiunszandauas ATuAEINNTT
o L = 1 o 1= o =‘dl v o = [
fuanuFaulspindinszansauas WA 1A IAILnIBgNIn

nazan@as(Double glass)’ ﬁﬁnwm:tﬂum‘:qﬂ%ﬁ@uﬁ’uﬁm%u‘imﬂﬁ‘ﬁmdwmmﬁﬂgj
prNaN Hetdanlsznmie nszandafiaai(Heat Miror)uaznazananasiail(Heat Stop)

nsandadiaes  \HunszandesuiisReLEsae A MnsuRER(Low-E) emes
ABALENIATY ﬁﬂ%iiwdﬁaﬁﬂquQQWHWﬁ Tneifidavineenmeisesdnulasdesannisi
spebnuasinuiniastiensed  Hansgapouduedlutasinseinia  e1afldn U-value g
0.25 lnefnnuasi TRl

. AnunsnaziauanuXauaanainnszan Funnlaeeesliacnaiaudesinudhunides
TRa AR dIusENIN9AINNTAB9HIUTALAITIINTR(Visible  Transmission, VT)piaAN
furlsrdviannalawan(Solar Heat Gain Coefficient) 3nndn 1.56-1.7 '%u@gjﬁ’wﬁmm
nszan snlfianuseufidnanluanansiivies wasRonszant lifeu

. nevandafiaes eanliuassssnanmdnunann inltaelsmdandsnulnfiuagadng
Tutananadu

. Hasussddanslolaanlsn Ineeanlwinuliline 2%

® quna yrycyEms, wetiamsaanuuutissudandseu ileanun WITeMaNd 2542, Wi 148-149
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= (=3 [~ 1 ] = 7 C‘Id
nizandaade Wunszanauan nneluteddnessudnanszaniARaLALEN I NHAN TN

MIUEF@A  uAzUITTesdneszndnInIvanfaauialieaNeanAnsdneLnANTa
semdnaneueniuneluenais Tnefiainisdnamaonufautlszinns 14 Wm2K 138 0.25
Aa - & e @ Py a
Tigsiansamsiadalie Teduduilunszaniiisz@nsnmann

2 1 1 a o a & = (-1 adl -3 9 e N al oa T

faumnmnesesndnnszan Telaafiazinafal Nulddarne nszangmndlaeiay
HNearusadaansilolawanldfdn uiAnssandnadailaziiAnisasieuuwasnielutdasnd)
nnruastnunszangnasalaiunsnxasiudiavmineuanlddaiaund

nazandsuuan(Tinted Glass) 7] nszanlaviedfuuen(Tinted Glass) i ]
ns:;ﬁiéﬁﬂulu ._ | ngzi;liﬁﬁfﬁ'.ﬂﬁ@éﬁﬁmm;ﬁ@{ ] B
uazansAILANLTHI LA TS

48991981NA(AIr Space) N _ 4839198 A(AIr Space}uﬁwﬁm{‘iaﬂ _
unRauLARRLAI8a7T Low-E : imRaUManATsfivi(Solar Control Coating) ‘
aulaai(Spaceniigdng aulaiaf(Spacer)igidn o "
T.mﬂ‘ﬁmsqmm1N°‘§u(Descicant) ! : Is’ﬂErﬁﬁ’li‘@fﬂﬂ"l’m%u(Descicant) #
Lﬁaqmmm%uﬁaqu:wiwm:wn ‘ = Lﬁ‘aqmmw%uﬁmjiwdwm:qn —

(n) (1)
LT/SC =0.65/0.35 =1.65 LT/SC = 0.68/ 0.4 0 =1.70

(LT= Light Transmission SC = Shading Coefficient)

AT 5.60 LAPNANEIUZIAY NTYANERNLae5(Heat Mirror)lasnszandnasail(Heat Stop)

d 5 .| o .
uenanUssnanaenszaninanauuda - fafinszantiamdianunsaaewdlusoies
1 Toesidounantessubmicroscopic halide crystals Aaiiesglufifinnszanaziufews
waihidden wanilefianuadnadaunn nszanazlasuiuddin Aduilszdnaacniise
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dwiunfienmAuuuferduatangannamuas  uazLlssnAlneud e Feuiey
i 1 J L% 1 s i 1 = ?IJI o
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= L7 (=3 1 2 ?:l dﬂl o = o
anumpiinelutinufundn nsldnsvanaesdu  imsuiledsd@naseniind(Short-wave
¥
Radiation)nzgneantinunszanidiuluenansuda  nazanaasduazindinlinanasen

1 k7 9
(Long-wave Radiation) Feanlylfennndnnszandiudian insenszanaasiuiiAiaausig
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BANGKOK METROPOLIS period 1989-1998

Table1. Air temperature [ *c]

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Hightest AMT

monthly mean max 324|331 342|356 | 352 | 341|333 | 331|329 | 321 | 319|313 356 | 285
monthly mean min 221|235 | 254 | 266 | 263 | 2567 | 254 | 2562 | 24.7 | 243 | 233 | 21.5 215 1441
monthly mean range 03| 96| 88| 90| 89| 84| 79| 79| 82| 78| 86| 98| Lowest AMR

Table 2. Humidity , Rain and Wind
RH (%) Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Monthly mean max. amf 91.0 | 91.0 | 91.0 | 90.0 | 91.0 | 89.0 | 90.0 | 90.0 | 93.0 | 91.0 86.0 | 87.0

Monthly mean min. p.m| 44.0 | 47.0 | 50.0 | 50.0 | 52.0 | 54.0 | 57.0 | 57.0 | 57.0 | 57.0 | 50.0 | 46.0

Average 675| 69 [ 705 70 [ 715|715 | 735|735 | 75 74 68 | 66.5
Humidity group 3 3 4 3 4 4 4 4 4 4 3 3 Total
Rainfall ( mm.) 177 | 11.9| 33.8| 64.3|188.1 | 157.9 | 166.0 | 230.6 | 353.9 | 251.7 | 28.7 | 24 1507
Wind Prevailing NE S S S S| Sw| Sw| Sw| SwW| NE| NE| NE
Secondary

Table 3. DIAGNOSIS

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Humidity group 3 3 4 4 4 4 4 4 4 4 3 3
Temperature *c - .

monthly mean max 324 331 342 356 352 341 333 331 329 321 319 313
Day comfort Max.| 29 29 27 29 27 27 27 27 27 27 29 29

Min. | 23 23 22 23 22 22 22 22 22 22 23 23

monthly mean min 221 235 254 266 263 257 254 252 247 243 233 215

Night comfort Max.| 23 23 21 21 21 21 21 21 21 21 23 23

Min. | 17 17 17 17 17 17 17 17 17 17 1w 17

Thermal stress

Day H H H H H H H H H H H H

Night H H H | H H| H| H]|H H H | _

Table 4. INDICATORS

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec Totals
Hamid
H 1 Air movement(essential) 0 0 0 0 0 0 0 0 0 0 0 1
H 2 Air movement(desirable) 0 0 0 0 0 0 0 0 o 78_
H 3 Rain protection 0 0 0 T
Arid
A Therrgaglﬂstorage (0] 7 _ r
A2 OutdéoTéleeping ‘ .
A 3 Cold - season problem B
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Table 5 SKETCH DESIGN RECOMMENDATIONS

Indicator totals from tables 4

Humid

Arid

Recommendations

H1

H2

H3

Al

A2 A3

Layout

0-10

>1. Building orientated on east-west axis

1 or12

5-12

to reduce exposure to sun

0-4

2. Compact courtyard planing

Spacing

11 or12

~,| 3. Open spacing for breeze penetration

2-10

4. As 3,but protect from cold/hot wind

Oor1

5. Compact planing

Air movement

3-12

>I6. Rooms single banked. Permanent

1or2

provision for air movement

6-12

7. Double-blanked rooms with temporary

2-12

provision for air movement

Oor1

8. No air movement requirment

Openings

Oor1

0

> 9. Large opening , 40-80% of Nand S

110r12

0or1

10. Very small opening, 10-20%

any other conditions

11. Medium opening, 20-40%

Walls

0-2

> 12.Lighting walls;short time lag

3-12

13. Heavy external and internal walls

Roofs

0-5

>l14. Light insulated roofs

6-12

15. Heavy roofs over 8 hours, time lag

Outdoor sleeping

2-12

16. Space for outdoor sleeping required

Rainprotection

3-12

> 17. Protection from heavy rain needs
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Table 6 ELEMENT DESIGN RECOMMENDATIONS

Indicator totals from tables 4

Humid Arid Recommendations
H1 H2 H3 Al A2 A3
Size of openind
0 > 1. Large,40-80 % of N and S walls
N 12 | |2, Medium, 25-40 % of wall area
2-5
6-10 3. Coposite,20-35 % of wall area
0-3 4, Small, 15 -25 % of wall area
11 0r12 4-12 5. Medium, 25_40 % of wall area
Position of openings
3-12 (6. Opening in N and S walls at body height
0-5 on the windward side
1-2
6-12 7. As above, but in cludeing openings in
0 2-12 internal walls
Protection for openings
0-2 98. Exclude direct sunlight
2-12 > 9. Provide protection from rain
Walls and floors
0-2 > 10. Light: low heat capacity
3-12 11. Heavy : over 8 hours' time lag
Roofs
0-2 12. Light : Reflective surface and cavity
10-12
3-12
0-5 13. Light and well insulated
0-9
6-12 14. Heavy : over 8 hours' time lag
External surface treatments
1-12 15. Space for outdoor sleeping

16. Adequate drainage for rainwater
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