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Abstract

This paper explores the dynamic in vernacular architecture of Pwa Ka Nkaw Karen
ethnic group in refugee camp in relation to the dynamic in social, culture and politic of
ethnic group in Southeast Asia. The objectives of this research are to investigate the pattern
and formation of Pwa Ka Nkaw Karen’s vernacular architecture in Mae La refugee camp, Tha
Song Yang distric, Tak province. This method base on a qualitative research using participant
observation to collect the data including architectural surveys and interviews with house
owners, community leaders, local administrators and experts. The research area is in Zone
cl/a and Zone c1/BB. The finding showed that the pattern of Pwa Ka Nkaw Karen’s house
can be divided into 2 groups : 1) original house can be divided into 2 patterns include small
family house and large family house 2) extended family house can be divided in to 3 patterns
include extended family house with limited space, extended family house with cultivating
area and special extended family house. The formation of vernacular architecture in Maela
refugee camp is under 2 factors including social factor and physical factor. The finding also
showed that the patterns of Paw Ka Nkaw Karen’s house are related to the both factors of
the formation. This research reflects diverse way of dynamic of vernacular in controlled condi-

tions and environment that plays part in the change of ethnic communities in Southeast Asia.

Keywords : Vernacular architecture, Refugee camp, Pwa Ka Nkaw Karen, Shelter,

Refugees
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Abstract

The present research is mainly aimed 1) to study theories, principles, and concepts
relating to urban conservation and development 2) to study the identity of Ban Singtha in
terms of physical, social, cultural and historical matters, and 3) to suggest suitable ap-
proaches for supporting the value of the old commercial area of Ban Singtha. Methodo-
logically, the study was conducted sequentially. While physical characteristics of the old
commercial area of Ban Singtha and its surroundings were observed and recorded, local
people and scholars were interviewed. Then, all data were organized and analyzed. The
study found that the old commercial area of Ban Singtha was established for more than
200 years. While it had a flourishing trade with foreigners, the integration in terms of culture,
art, and architectural styles was quite obvious. Within the old commercial area, although
large parts of buildings were still in use, some were deteriorated and rebuilt with contem-
porary styles. While the proper approach for conservation and development of the old
commercial area of Ban Singtha was not available, it seemed that the existing valuable and
unique buildings and the overall physical environment of Ban Singtha were unpredictable.
The study also indicated that in general, the atmosphere of the community was clam and
quiet. While people ways of life tied closely with their families, local trades had gradually
transmitted from generation to generation. In addition, people could narrate the history of

their community clearly. Thus, according to its physical and social matters, the area was
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uniquely valuable and truly deserved for further study to determine the appropriate ap-
proach for conservation and development. Establishing a clear physical identity in com-
mercial area of Ban Singtha, creating the participation of the community in development
and management, improving related laws, built up the master plan is consistent with
physical. However town municipality Yasothorn must be able to relate the importance of

space to develop property.

Keywords: conservation and development, old commercial area, old community,

Ban Singtha

Unin
2 v o aAa wa ¢ v o o & a & W
glassidudminnduseifmanssusiuiy MUsINguangIun1sAdugIuufsade
Symaf 2 T¥Funasyniisaunayiinismueuinagusuiudsivilulagtuiasigudnand
a U = = =1 1 & I3 3 % 1 = U L4 A v 4
Ushamanides lusdniaeiinusssedaadugudnisaingveieselass (Jvsasal w3ewus,
] v 9] & Py & ] | = @ a |
2554) wWiulaneimstiuGeu fnuaisfuuagld aandeenssunidadueimsmidvenssy e
& v o | 9 o & A | ' a A oA ) o A = & o v
wgudnsifananalalendeludaiunuidmimeinmiediosesfumsvenediveniies Jsivilv
WinnswisunUasvesgumdvenssunasAianssunulume @auaudnaniniIsusnig gudsivns
waraaudnudulavenglunaiicumile fanziueen LasRFne uANAULUILEUNIIANUIANENE
NANAD aUULAIEENTITONTTNINT M IAAUTLADASY e ldwalidnuuznianmusiloelass
wWasuwlasldagraun
Urudsiinduguruiuniegluwnnauiaiioslass Antuwdun@niaiuiiene fusn
o & a & o P Aaa o a
HuiluguruEuunvensiaduguileslass (fueu axu Lazany, 2546) Ussanyudiitnsaily
FAenFeuienelaussenimeadaanifasy dnislaviaseue nsdyasiiuiun deninme
SIS NAvegluruum vz Ituauuueilianng Sdinsyiuauuuinaudisaiiegn
a893 MsUselevinaunuNailessiudiowelass (nauiadioselass, 2553) Tuusnagiuiias
v a 61 & da a | o | a v ¢ | )
windudsivndunfudssianiiegendenuiwiuinn @uwae) Wuseleviiiionsegonfouay
wiglvenssu FawwiliilueuanmainiiuiluusnuyuuiudsiiisEsydulanntu deswin
ASVYIBAIVDIOUN NIFVENEFIVBILIUNNETENTSUINLUNT AR DL N UNUNT LAWY N15SY
& aAve v | A = | ) a a a &
Wunidndumsvisuiieddedanasion1susuilasugluuuresianssuiasauandnenssy 8nma
npsgdtlidfinnasnistarulunismvaumsdeliudauUad viensesnuuuaiiternstndlatang
A o e | o a a ' P e ' & v
naunduivernsiiinae ludagtudindienmsiduanUnenssuniun wu fnn e1a1sEeuld
weawaun wartudu Jaduguuuvandnenssunziuan Ju Beaun naunauanlnenssuiy
a o A YENEY) g | o a a A o
fu afielSuaaUnaseesilidnewdinlodlugesuniad 6 uag 7 Usingainanefalsnnaiu I3n

o @

wuniidugudnanwesurudnsyaeeglaeseulann Indaiin Taumsnn Snaslasgl Tndund

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 45



warInAISTINLITIM Imﬁmammﬂ'mdma"rﬁé’auwaﬁmmﬁwﬁig&iaﬂﬁuanLfci’n%"am’mw
UsedRmans wnnisaltnudles Jausssu Qilyaivesussnysy Fudusndnualudaziiiosdiang
ausnuuasimun limngay L‘WaLﬁ‘uLﬂuamﬁag’]ﬁwmﬁmﬁwmwmﬂﬁsmﬂémaiﬁgﬂwmuiﬁﬁﬂm
okl

HanseEnuINNslendeaudn Al ﬁﬂiﬁa’lﬂ’liuwziaugﬂﬁq%'w ANNYLTULALEIANS
andngnssuiinunvianisensny wazquadnuilvauiuiineduiiioanfifloisesssuanuaiy
s950¢ (Huilnagilavesimi GmmmiL%auﬁa%aqﬁuﬁﬁﬁmﬁmw'jﬁwmu Nuflasnsasuay

o o

g1AsassaigddgnasiaeUdesvilan mmialvsuuazuanITeeIL ARk seYT YU

[ '

Waze1A1TENALANNY dninwindeuuazgivimiguyuuanisaualiivlunwmasieniu duadunns
angan g iivieiluusnuiuinianudAgnialsyiRmansvados gurunInaudaIuTe
% X A wa s o sala v A I, o °o v o o
nsiluiiunuse iaemans nsliusslevinauuasdalinanudililalianudAyiuniseusng uay
Usziuddgyfedszvmugulmidwinanuinnudilafigndeaneiuamuruaziondnyalvegusu

AULDN

. Audnanylu

I:l nmuiaioselass *quénmemnﬁwnﬁmﬁu |:> firmsnsvoneiavandas

AT 1 uanIndswesEundivenssaiguuiuding waznmsvenesivesiuiiileslnl

MnmsAsuamnemenmdnanilddemaliauimuaziensnuaivesiui saonaurmiu
aagmislszifmanslaanamely ﬁwmgﬁmaﬁﬂmLﬁamLmeaﬂwﬁﬂmishuwm%aﬂﬁmth A8
msaduamudlaluiannns msssiugiu sufunumiasdnenmesymeuaaiiilunsdidi
suilunsquasnuanmyuruiifinnuddynissefamans ileliAansiannfifinumnza
sslutagtunarluowian

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

46 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



ngUsTaIvaInsAne
1. ilefnwmauf ndnns wazuuAansianneugiunseyindiiles
2. ieAnwiesduszneuiiiuendnualvessrumdvenssniguauiinudaivi
3. ietausuuzuuIdlumseying Wiann uazduaduendnvalvesdrumdvenszana

LY

NSNUNIUULIAA Nud) N15ANBIATLNETUIN

NIDUNSANBIMLIAA NBT NsAnYITeiruaN

2 2
[ anwuzvaailoslszinddad ] { wnanwaivedias ]
L 5 1
= : UIAIANG
[n'rsau*im:h‘u'ﬁuﬂmi'ﬂﬂmm ] .
e 7 & A3nsussyslo
=
: aruAuATslAsuules EECLE
ERIER ! 4 i it
: ] Harasaiuiu
Funzidou UIHISTANIS
YIIMNTTUEU i
Tushadnau UARINGAY TN
T
n1sauing
W @
uAzWRIUTaESIBY
nszuaunisiddausisnvesdssvavuy

AT 2 WARINTOUNMSANYILWIAR NqL]

aw

N1SANYIIENHIUNN

1. AnwauzvauilawsziRfans

5101 gVBSIIU (2533: 142-150) landnindnune veadesUsyiRmansiivatergnany
dnway wiinudengveudiodldldu 4 Yssinn fie 1) Wesde (Abandoned/Dead Ancient/
Historic City) Wuidiosfinefimuainiuesoginnamimionastiim neufiegniiaindly
2)dleslusafignisiauazindunndlmilutagiu iesmnfiuiflunisfaiuglutihgiugndiie
Ju 3) Wesiimstaunnanefnuistagtiu Wudledunaviedlesusy fRmansidnsléony
Auidlosnnefmnaufsiagiu 0) Wesgnilvidlulutssresnamiuasgninnduulilul Tuga
UseTamanstatagiu

2. nanwalvauilas

\Hussdusznaunazanuiiduiendi Ssiiiendnualfinuanimawans Wudunis
vosiinfinvesu vuluguresuNoIeAN MAdONTIST IR Tausss iulsvaunsal
mumsssrisyiilasewioatug

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn a7



) o ¢ P} & v Yy U = ey Ve o a v ]
mssnwendnuaivesiles iWunsulididmndeulsdinnuddnusevivlanlanumiuag
& o P - P P o fa A < 2 & o
Juendnualveadadld dadsznaume 1) endnuwaldalsuna Wunmsnuiudanantiuegues
waEnaNeASY 2) LNanwaldRuA I NstinuaIRUsEnaUvudn detltnnudAgvadilos M3
Anwnendnuaiveadieadnlinisfiny) londnualnRuUANIN LarBIAUTENOUNNIENTNYBIYLTY
(Kevin Lynch, 1960) #sUsznausie 1) n19daas (Paths) nuneds idunsdyasnaniazsod 2) 61u
(Districts) azwanUnuniedumae 3) vau/we (Edges) {uuuinsoduinunrauwnuesgu 4) gn
) < o Ao o | a ~N Y o
dane/aamuneni (Landmarks) ugeadunsnfdnuasnunighuies inagadunaszeglnauazqn
v & & a ' < a Aa a‘
mnenszeglng 5) /AUl (Nodes) lugnTinvesfanssusne) \Wuusnaminisndeulm
YBINAINTINRYAABALIAN
3. NseusnYYNYITiaInNTAMAT
WeaanlaaduaiuniaveausanTausI Iy NYasY Lol NURLAYLANAI9AINUTAN
Tauusssuuseandu msesysnvleFalmeraianizime (w3stas fuaaties, 2556: 36-40) AKa
fugIuveIMseuiniiassenisusn Ansanlaandemvesdrdt “Tusiaanu” lusaaaiuiy
a a wa ¢ A a a I a o
fuselgvdlunsdads UseiRemans selusiaai Usenisiasa L“U‘LJL'VWJNaL%du’]iJﬁﬁlthﬁ’]@J’liﬂ
Fald tufie Ausned (Patriotic) wioauduA (Nationalistic) wiswaludeilaliiuluwnumn
Uszwe Lilasanusandausssutulsuandannudunf é’u%ﬁwm%mmmmgﬁiﬁ]LLasm’m%’ﬂ
WA LaUT 91ueN (Sanoff 1978: 44-45) lalvimanavesniseysnuiiesd 4 Usenis Ae 1) 1iieAdy
N3431eTaNsTIY 2) Wiednwiufauiuslugavy 3) eANUNAINNaEYBENNWINGRN 4) LD
HaUsElevuvnLATYgAa
4. FANN3VRINTOUINEIDY
ga5Tias Muawadies (2556: 42-50) iUsvaiauasiSeuBeswuImenisayindidesli 6 Usens
A9l 1) MITLYUNEINIANTAUTTIN mwé’mmwaﬁummiay%’ﬂﬁ 2) ﬂﬁuuimrmummﬁmﬁﬂﬁ
o ) a a v A a v a 2 a
Auksuiamudes 3) nsmivannsWasuulas enldnguunenineites Ransanyseaufanssy
MU vUNAULALVUIAVBINTHAIUIMALAUNUILUY 4) N15UNTDILNEINTANTAUSTTUAIY
nstungdsulusiuaniy 5) nseenwuudsneasafiuiy lusuuuukavesalsenaunig
andnenssy Nmanzauiudnvazianzeg uileun 6) N15UTMTIANITUALUAAAINTIVITN
5. NFAUINUUATNAUIYUYY
ﬂ’lsay%“nél,l,azﬂ’wu*rsqmu PUNBDN NFEIUS NN Aua {]ENﬁuuazﬂ%’uﬂg@muﬁaﬁmm
nfinsRadugIu Tanwaenaasegna dnuuaznien nvswiastlrgindenanvaliany 3iu
famsilalenmaliianisiaeuidasgmaiauiiuudsgulunaenmivangauianignn .easegia
wazdery Toewiulissysulugudnarmesnisiannuazidiunddiusnlunisimuigusy e
dauaenafeiuInTInvesnuluguyuiniign Msiauusnauniauaaidnenssuvsenuni
mseysny msdunsiawifinseudrdaliiawilivihaisuinaiiniseusnd nsiandnue
WSend1 “Mafann@eeysny” (Ussasd Beuetiug, 2543)

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

48 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



NSNRUYUIUABAAAIINAUABINTHALNTHAIUTINVRIUTEY IR dnsanliunudenndosiu
anmanuilueginuasugio deuuazimusssu suvalmsnensuasgityaviosiuunldedig
~ o aa v X
wigay ieuSuussnun niinauluyuwulinay
Tusmunszuiunsildusinvestszrsulumsimu ofu siwa (2527) Tananliang
4 qumeu loun 1) mMsfdwsinlunsiaududymsazamvavesdym 2) mstidusulunis
eNUAEUNTS 3) M3lldsilunisasuiaz iR 4) msilduulunisinnuuazUseiiy
Ha

A8aTUN15IY

Iuﬂ13Lﬁ‘u3:1‘uﬁau%’agaiﬁl%’m%‘lmﬁaiumﬁ%’a wUseonidu 2 Jukuy gULLUUﬁ 1 Msiiv
FIWTITOYABNATHNY) Foooulay uwudl va gﬂLLwﬁ 2 %auuaﬁuﬁﬁnmﬁlﬁmﬂmiéfﬁmmﬂ
AU LUUEDUANY LagN1SauNTwal %armi:]‘ui’su%ayjawmﬂ’mmwsléﬁ'm%"mﬁaﬂisnauuéf’m WU
A51aituit LUUd151991A15 MSTUTINA T WNUT LAz dunsTvTdeyallsenng dau
Lag U sy Wm%iaqﬁauwaaummLLasLLUUé’umwzﬁImam33%’&Jﬂflﬁﬁ’luumﬂimﬂsnejuﬁaa&J’m
GTiqLﬂuﬁmﬁdu&huwwfﬁéuﬁmﬁmfhﬂmﬁnﬁvh Tngldmsndusaimuavuinvenguiiegs anu
WUU Yamane 11nudsznng 750 au Mseiuanunaandeu +10% wiiiusiuiu 88 au way
N1sdeNNAUMIBEIUURNIZIANENLBURLTIToYaT1uIY 10 AY Usznaumeiniwnisi
Reteslunseyinvuasimunyuvy Tuwameunaiiiowslass fidsmaiefnuifetuge
AU LLasQﬂmmw’hLﬁmgfiqLﬂuqﬂﬂaz‘hﬁzyiumis"maq%’ﬂ@qmw,t,axm&mam%"msnmq
UsziRaans %’amuaﬁéllaﬂﬂ’]i‘V]ﬁ’l‘UﬁﬂﬂﬂEjM(gf"]aﬁhdﬂﬁxﬂauﬁ’lEJ Jayadiuynna %a;gjaﬁa’;ﬁumﬂ%
Usglowionnns Aanssuanizvesuay anufadiulasnisiidiusiuvesuyuluniseyinvuas

o
NAIUITUTU Fafvsrusuteyaunzinazidoys

4
v v

o . &
‘ n'mnunus'm'um:l‘awuw ’

mausvsudeua
wonans Aoooula

FsramAduIL seunny dunual

— ¥
-
Joyanm dszns danu
nBAN s

‘

-
WHUW =187

" wyudauaiy 38 Au

o X o
" uuud1Inanu

= yyudiseennts - doyadauynna
VR - AnwzIaNIE v UTY
= it - nsfidausanvasssyrvulunsauind
s UagauIYI YUY
" posfunenl 10 Au
a o :
kAL LT 1) nawasundasdnunEn e
Y A0 InnazIausT SuTa LT
2) nszuauniseyinduuvulullagiu
> ERLE

a .
o—— 3) dymitdemardeauinduasiinu

AN 3 LLﬁﬂx‘iﬂiE]U%%ﬂ’]ﬁLﬁUﬁ’JUﬁ’mLLa;‘FJLﬂﬁ’]Eﬁ%@Nﬁ

U

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 49



nsAATITRdaYALAZHANITANYY

myleseideyauuniu 2 dnwag leun

1) Yayadisnann afiunsiaenisieszideya 31nn1sdun el wuudsianuiasy
LAY LUUAN51981A15 Wwefnwluningiy Juiinesrusenauniiienanwaln1an1en I nad iUk uilng
THuumensAinedunnmueadios (Lynch, 1960) Lazyinn15a157991LUUEITI991AS e UUTN
ToualuneauidsnvedaIn1kaaIRU TN UAANUOYNTUY NANTENTITNUBIAUTENBUNWNENN
ﬁﬁﬁﬁzyum‘*qmu 33 B39 USENaUMIEY BIANSENTUNNIEIALLAT IAILETTY 13 Wi kastunnade
20 Y189 wAENUTININTINVDIEUINAYENTTUAHTETUENIYIinnTegefy quasny douugy

v A 3 a o ¢ o ° ad A

wagldiuinlussauszneunsmenmiduenanualvesyuyuegogreainae dnunas1sayu
dwunmseaniuuUTulsaiialiinfanssumsldeu wazaiuanudauundnyuen1angnIng
Juendnualvesyuyu

2) ToyalieUiunn anliunslaen1sinseRteyaanniuuaeunIN MENIMIAIAIINE
Sovay

Y [ a [ % [ a

WADULUUEDUATN 88 AU LlWUYY 37 AU AAtduIoar 42 WUy 51 A

AnduSouas 58

pmsaulngldiionsinendy Sevaz 82 anmeoiAsiinneliu Sovay 48 91ATEIU
gy fo1ge1m1s 60 Vauly Aalufesaz 76 lnadufnyu Anyunauliivastudiu Jongenans
111131 90 U

Asnssuivsvenanulugurudaiinlutagiude msdinunsdeugpauuauiy Sovaz
42 AanssuidntieuiRanefndeiagiunasduendnualvesguyutnudsivinfe yyual Seeas
40

mmﬁmLﬁulﬁmﬁummq%’nﬁuazﬁwuwmu&huwwﬁ%mimmﬁm%qﬁvh P90 U

a | < v v PRy v v a a

anUnenssuuazianssuseg Wiusiesesaz 100 (Hesndeanisiiennsianinsnsguiuy
an1lnenssufansauld wagfanssulvafiindu a1l nMsdnuinsdousALavauuAuAuNTUNs
° v ANaa 9 v X
iiynwuddingn Auglanga

naudetmeiidunlufanssunmseusnuuasimuyuvy Sosaz 69 dwlnasulu
ANTTUNSTRIUSTTU Useingl

A [ a < 1 Y ] 1 [ 7 Yal

Welin139nUseas wansLanIAuAnIY nqudietdllng Sevar 61 eenlidinns
wuunareduiues egeliilunamsuazdniiuniseiien

NN151599 duna dun1val wazdeyadnn wuuasuny §Iduasuransinuilansil

I3 a & o < P
1. 93AUsEnaUNUULENANEAIVDILUBY

o

1) muneam wud guauiudeiindiduniedyas (Path) Nagen auuene
VANURIYUTURD OUWINTIUAY DUURTIBTINONT auWINEZE159A TNuiauds (Node) 1an Tu

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

50 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



Y 917 Mmaenaniles 1597 amAInssuuInamItueananiles sunefianz fueeni
1 9(: = 1 1 U % U % v YV I3 = Gl
Wi uUsun (Edge) Unasassenidaninelassiudaninsesidn gavuneni (Landmark) e

o | & v - a < ' . . oA 1% o
dLNAYIYIU WugudTzaites uauduyiu (District) YUYULAIMLEAIDDNAIUANYUY
andnenssuoimsiniiansany widaytuSuinsvasudnuvaranidnenssulariuvuiliunzgey
aa1eld nnsdhuumuivesmalianisneasesinisianade i

2) sUsuumsan1lnenssy wud ermsiindlgjeglaeseuindaiin wavunmauu
v W a o &y = ~ ] v a o ' 9
anevian anvaranlnenssuiduendnuaifeguuuusinyu Anyunauld wasdudu Insnease
T8993 ¥1IILAUIY HEUNAUAURT Y9N LD uda1U

A7 5 sUsuutui

3) snudeey Tausssy wuidhudsiindugusuinendelianudevac wilushenau
anevasiaussulve SunaseyTunnfiasvournunuandnenssuuazaniuiid faymng Uaqlud
Aonssululadreruiidingaundlesdstiy 01f “Aoanssuauunudy’ was “Fanssusnuinsdou
ga” TneAuiosunand w.ea.2554 Wudasuseu 200 Yvastnuduivh Saiauazanadioselassau

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 51



udnlasens “auumAuiu 200 U Gudsiin” 3ufnfanssunisdnuinsdeuga Aanssunisan wag
MsuanuInine s Usnaudlaaiusied nane duiuiimsiausssuitnanudniuinsine synider
VRDRRNANGP

NMsAEuNTITe asuldiyuvulerusenoudiAn 2 du laun

o '

1) lassasramsmenmiduantnenssuuavdanndon 819 e1A5a1AYAI9
a 1) e A YR | Ao o ¢
fnsliusglevidiuivanrangsuwuy saudiduguguyuniiondnvainiaadnenssy

2)lassaieguauiiadeassalianmyuvuddindnde nduaunandeluiiui ns

aiutinegluiuiiegwaiilos Funenfian1sAILaENITUINITUIINTUETY

29 6 AINTTUVDIYU YU VOUANANYDI UM BENTTUN YavuTudwiv

2. unum fnenw wazlaynivasyusudiudeivia

PNMSANYINUT Maeuiluguugunndvenssuntudsividdnenimlunisiauw
Wesnnfiendnuainnsinunenin aondaenssu dauimusssufiaeviounnuduguyni dunas
H a & ae X A a | a v & o a Ao w P
U5TIUR Nunlas lazunasisazanunsadaasulndunrasiouieinddgusuiioselass
6 ol

1) grudlaann wnanwalvesaatnenssunuanaiaainaatnenssunuduvesrielass
Usnglaeluvinaugmudonnn Insnaunaususuunganuauvenislass $19uwasyng
= =1 :j vV a = = b4 1 = VY U
Geauny Ivatuiu fnyu Anyunauld winaneeimsiianmmalvsy aslasunisuiuuse v

) | Y = < A& a ) A v 6 v v v &

nagnUaseieitmselduiivves Asiinisusulssenasuasgivimiliaiuisaldnulaiiy
UseANSN NN ALASUUNUIMNBATANEATNYBINUT

2) uUUUATUNY U%L’qumﬁmﬁ’mumﬁ'iwm ﬁluﬁwmﬁﬂﬁ’uauuﬁwazé’ﬁqﬁ widunuu
angsowwasuyy uidualiowlanansgusuiudaivi G5 uauevest aigemsuazinisdyas

' a 2 X Ao a a | ] ) a g

winnauuaedug Wuiundnnuussmdiazianssune wnune witagduasiinisyiuauu

52 N3NFININT MeonuuvanmIndey Ui 2 aTuil 1 (uns1eu - fiquieu 2558)
JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



D19EIBN LHUANUAIAYTOIL IR WAAIUTEYEAINNINIYDIUULINLATIATINT VI
fufivinAnuduiu mnfinisusudssgdvied dafonesa nathinednsdduidoudesswing
wiithufuauuiing

3) anuiuisesvsuaganuide anuitva iiuausiveadion \uitutansisay
fifpuannsaddualuiiuillferndliinendu asanmsdandudmesutu liud s
(mzenuvan) Tndunwiu Indeivi Taaslasgil (Jana1e) madwendniles Wwad (519) Inds
i mad1Yelass veuwmdnd uaztudnidies

4) lswdum (glassnineuns) Julswmluisusnveadiosslass Jaguulala
yhnsaneniuds mndinsusuupsenasliduiifisumiveaiiowlass wloulsmilsildaedes
slueinvonialinuiulmildnsenindsauduazaienuimudlefigndoafeiiuendnual
YDIYUYUAULDS

fananiides
SAdA AN
auoLUNUIEAIA ;‘ff(*fbb‘f

7 13430
% 2 Oy

- PN
) yuvudhy ADTUNIUIATNST  e—e DULUATUNY

Anivin wazaMuio

o

2NN 7 wanarulsrasiunnTidne nwlun SN

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 53



aAUTgNaLazdaIEUBLUY
PNHANSANYITUAUDR U IS YL RN UNIAIveNnTTUA YUY TUEWI
Ty 3 Usuifiu Ao dhuendnualvositud PUNSHEUT VDI LLazé’wumimuqmmﬁmﬁammaa
NNYATN
1. msadrearudanunamenmitduenanualvesgnumidivenssauingusududed
¥ (ULLMNINSANYI9S Lynch (1960) uazkantsdsaaiiui) Tnsmsidussiusznaumadunnm
Fopansianmwndon uavadeuUsevivlavesdlos 5 Useans dall

1.1) Nadeyas (Paths) nsusulsagiivimiauuanevan laeniseenwuy fnda
gunsailsznauauu (Street Furniture) gﬂLLwViLLamaaﬂﬁﬂLaﬂé'ﬂmﬁéum&hu Tananssadlunsasng
AT uazthanemge Ty mﬁU%’ULU§aufa@gﬁumuuawwé’ﬂ?{fqé’uﬁuﬁ‘ﬁ’umiLLamaaﬂ
faANUTALUTDIEIU mu@umﬂ%’ﬁ}uﬁ%mmﬁjmuuﬁaﬂﬁriaiﬁﬁmﬁﬂﬁamwﬁlmmm

1.2) 81U (Districts) mg%’ﬂéLLazﬁ@ummwé’ﬂmﬁmmﬁuﬁIm&mu TussAuszneou
$19°) 191

-annUnenssu msesnuuulvidvun dndiu Arugs Inuduassveeiing
Inauy Tidonndestuuiunveseny nsUsulavseadelng Im&Jﬁ’]ﬁaﬁqg‘dLLUUﬁummmiLauﬁﬁ
QmmLLazﬁLaﬂé’ﬂwm‘TmL@iuslu‘ﬁuﬁ

- msAadetihedu/delavan mﬂﬁag’luumﬁmﬁuﬁgﬁ&hu laifinvna
madu Svunailndlaeeiu Tanuaglmudliasviounas vielanwmuaudaudeiuuiun

- qﬂﬂizﬁﬂizﬂauauu (Street furniture) ﬁﬁuﬁ’\‘iﬂﬁﬂvﬁuauu faziou
londnwalveaiiud ﬁﬂmni’a@ﬁwumuﬁimmﬂ au fu ldiAuanuden wazdnnsldinvinamadiu
W

- mﬁmgﬁﬁﬂﬁﬁdqLﬁ%ﬂ@iammiﬁu a18971 A5 HulAase LAnAw
Uaoady laiundeoyuues liifnuusunsesndenisldau

1.3) 90U/46 (Edges) MIaT1NANTARUAIUNIEATWIELALEUNISLAZ I TUN Al
gNTIUMYLTUTIUFWI %Lflu?i'dﬁ‘*zj'wLLammaULﬁumJmei’mﬁmw,dﬂﬁﬁmm%’mwumﬂﬂéﬁa
Lﬁaqmﬂﬁquﬁuuvl,aﬂﬁﬁmmﬂm&méuaumﬁ%’mﬁmﬁ’mﬁaq Fatudnwarveudumitiondnuaiuas
mﬁﬂizﬂawaq&J"lwqmut,fhﬁ%’mLf\]u%ﬁi’;alﬁ%'uifﬁqéuaumemad&hu‘*qmw,rhlﬁ squsBnvinilees
LL;JiEW%Tu&Jmﬁ’ﬂﬁuﬁmmiﬂmmLﬁuLLaﬂwL‘T;JuLLmU%nmauu?uﬁa&Ju:ﬂw:y' LY URUDIE UYL YL
R AER Y RIE-TR Bt th)

1.4) yadana/ganunen (Landmarks) Nsaseguuseaiilaaiidigeunidly
ENITUAIYUYUTILFWTI Lﬁmﬂuﬁmé’qmm el fienlanedniuinibeu wanseon
famnudAgvenuuLaE UYL

1.5) Aiugsau (Nodes) ﬂ'1TU%’Uquﬁuﬂﬁuﬁmﬁﬁmwawmu Taun

- anuelunUszasAantimananiilos tnsduwiAnluniseanuuude

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

>4 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



oonuuuiuianuiulfiugusvinmetnreadelaglisnvusaessuuuaninonsauiiuiu ade
sxfoomaiu ednuansuss iRenudusnvesyusu Wuguduinstnveadiealagluduingsams
fanuansazdudossvesguey sUmeitn Ussimaniuiadls Snisdnsuounisrasdiiu
aunasiiuiiioduiiindeuassuztuiu

- Tsannguasinn (elassnneuns) laedluuiAnluniseenuuude Usu
Wasuustlovinsliemsitelufifsfaripmuthudsiin WugudnardunsBeud asdauans
Foyavausziamansiiddquesiudnint WuiliudeyandniididlunisuenisusySamans
YosruLAYUIuMdasinviea il

a o Ao & 1 1 s '
NN 8 LAAIANYAUENINEATNNINTUNBNITINYIDIAUTENBUYDIEU

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 55



g B ; Usgurlngld 4
wiiwisdganug  usgunaien winsidng v v snaaalldl

nazannzeuld

I3 i
T lllllllllllll

I
(FLEETRERRESSRRTEROTLAN

Hnvmzides
.

_ |

wiiredgruiu

wismnsadeudind

fhuibtatm

Vuszazammanh 2 wns ) Souttu

a o So & 1 Y s '
AN 9 LLﬁﬂ\‘iﬁﬂ‘t}ﬂJBﬁﬂ'}‘ﬂ(ﬂﬂﬂiiuﬂﬁﬂLﬂuﬁl@ﬂ’]iiﬂﬂ?aﬂﬂﬂi%ﬂE]‘U?IaﬂEJ’]u

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

56 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



2. MsddrusanvesUsTu1vU
NBVVABUANNUIINGUTIRE 1 oA 69 nelldiuTinlufanssunmseusnuYuasimu
yuwu dasddgfiaanisiaudesadiannudaduliiingasanvenasugia deaw
ViNeINIsITUTALarAwandoy lnglamgiinannnseuiunsilausinveuyulunsiauiiay
AMSUSUTIANTS (BAU SANRI, 2527) ﬁqﬁurﬁ%’aﬁaLauammmimsa%’mngﬂﬂﬁlﬁmmiﬁéau
321 97
2.1) 1m3n15n1ensiu pllidvesonmseyindenans nsengedlisneda uwn
qﬂﬂauazmmimﬁﬁamﬁh sl Yaunanui
2.2) Usznaulafidnsalunisiaun senanudeii wazdunuimiuniseysng
Taeiduormatasuaz iy
2.3) msflneusuadenelaunviesdu mﬁa%'wﬂ’nwiaLﬁaﬂumsaq%’ﬂﬁ%ﬂﬁdaﬂu
msassfiugiunasiruaRfinlumsoysnsuiUsssy
2.4) Mm3dauszyuszauauAaiukartaiauauranUszesulunsaiy
Tasamsiauneingg ensiuaudesnsfiuviasaveaey

3. msmuqumsw?{ﬂuuﬂmmqmamw
rudsaveiniseyindidesinludesdiniseuay Useneusodeiausuussisil
3.1) ﬂ’ﬁﬂ%’U‘UNﬂgwmaﬁLﬁ'm%q
- wAUaLinselass aumﬁwmimaaﬂngwma NGRATIG TWiliom
LLauS’lEJauL@EJGW]Lﬁ]’luﬁ]ﬂﬂiuLWUﬂ’ﬁ’e]u5ﬂ‘lf}LLﬁuﬁﬁLﬁillWUWUE]WmLENlI’m“Uu JANUTARUNINAI LY
nsuiRludagiu Immumwummammsmuqumu’maau m{szﬂixismuwmuuazmmaawqﬂ
@514 IG]EJLQW']ZE‘ULLUU@WﬂWiﬁﬁ%ﬂﬂu‘ﬁuﬁLLazﬂ’]ﬂ%ﬂiﬂ&J%ﬁa’]ﬂﬁ
- m3davhdadlosmuuazimunde vy Rnisliuselonifinu wazvi
LLaiuwﬁaamﬂé’mfﬁmWwé’ﬂwzﬁuaw?uwuavqmushuwwﬁ%aﬂiiudeﬁwuﬁqﬁm WiefvuauwInIg
msliuselowifiau nsauuay sruvassUlnakazas1sauuns Nsalaiau@eysnely
Huiany
- §INIRTIERY AARUALA mU@u‘ﬁuﬁ'a&J"]ﬂﬂé’%ml,l,axaﬁ%aua 20N
Wudedsiulunisujifnulumeauiadiosslass
3.2)  AUNYAN
- msvhnstunaifeulunaaan WaZBIANTANRTY
- ﬂ’;iﬁ']LauagﬂLLUUm&meﬁaamé’mﬁ’uémi’wuﬁﬁu Wiiemnns
sanuuuTiasdnluseasdeanisanidnenssy
- MsignennUdnnsiumsinvasdesiudafiy siudns

o

o 1A aAa v i
@]W’]@JN@QLLaE]’]ﬂ’ﬁV]lIEULLUUV]LGU']IR]Q']EJ

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 57



3.3) AUNNSUSITIANTS

- msusmsiansiuilediinaumaunaiieslass desanansales
m’méﬁﬁ'zyﬁumﬁuﬁgjuwuﬁwmazﬁu%’mi’m WA DIANILENYUNTDRIANTVIAIUNTOUSNY BaANTAN
Lﬁ%uq3ﬁﬂﬁaﬂLﬁHD§u"}

- meavayulususuUssinadmiunstenusiuazguainy TIUh
Imqmiﬁa%'wLﬁaﬁuﬁuqﬂﬂaﬂé’ﬂwmwaqﬁuﬁﬁ;mu

- wavtaloselassdnvihUydenasmislsy idaans

- msduaSuRanssuiimansay afausapdlasienisinendenaznisgua
Halth

aqﬂlﬁ’hLLu’mwmﬁmmiﬁuﬁﬁmﬁamm 1) dnwaisynsmenin @andlnenssu Fawndeu

osfdsznouveniios maaulasiaiieiugy wasiuiinsseimans 2) aTalududea
TUsTIU ﬁ%ﬂiimﬁ'Lﬁ'm%mﬁ’ﬁa%ﬁmmﬁﬂﬂu&i’m 3) WlgUIgAIUNITUIINSTIANTS N15E519AsE
dUI mmmsmw;umﬁm?iammaqmqmamw nsadausegale WWusiu W 3 drubezidudei

waousuivaw IRyt udsivh SaarusngluinlawasiinUsvlovildanuvesiiyuu

JardusuasUNsAnEnaty

- AsAnwINgudefe g ioswa i luguududnivi TuSessruduiusiu
naupuneglugusuaufy WemuumnlunsinyAuduiusnaLy

- psinsAnwanwarfansdlvaiieduluguyy IuviaRansenulindu

a a Y F oA a a A

-yniinsiauakuzdanssuluddnlUTunui aisinnsneass wazi@usmadaniiviainvians
Wy Measndunednsenu Suemsiteny einfiuvianzay Wwiu Ussdliunauaziauauuy
dnFldmTuNunuInIsenee ieauianelavesdlinuiiuiieg1euiase

1aNA1381484

QuBN PN UAzALY. (2506). M3vEERIvBsYTURNWIING. ngama: ddnanunesy
atuayy 13398,

waaieselass. (2553). Tassnsnwuasdaviunuwsiuniiaayiny uaswanyuyudiy
davivin. glass: w.ua.

5100 qVIBEIIU. (2533). neuazuuiufuiniseysndaysasalaniuuazunaslusuag.
NFUNN: VTN ATyt i,

Usvasd 1Buuetiud. (2543). Iﬂsamsn;e%'muin?mm%. 1ONEANTUTENBUNISUTIEENLAY.
5 nsngIAL. LU,

pasties fuaiafios. (2556). naUduussuidiosaznsaydnuifias. ngamma: wine1dy
553UAENS.

NINTIVING NMFeanLUUaANWWIRGeN U7 2 atui 1 (uns1Ax - quigu 2558)

58 JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



Fyasal indoius. (2554). “uuamamsituguinagusuirtiiudeiindminelass”
InenfinusuSyginemansumsadin ainnsieudiouarinndeuiidd
WNINYIREUMIEAN AN,

afiu sl (2527). msfidausinvasyuruluntsimuisuunluanindinuuasinusssulng
Tunsiidausanvasuszunvu. ngumne: AAlaninisi

Lynch, Kevin. (1960). The Image of City. Cambridge, MA: M.LT. Press.

Sanoff, Henry (1978). Designing With Communtiy Participation. New York: McGraw Hill.

nseusnvuasianng I divenssigueutudnin suneileselass Jminglass
The Conservation and Development of Old Commercial Area of Ban Singtha, Yasothorn 59






AUTTOUTHUIUUUNTONY NSAANWIVDY
anwaa lungeanuuey

Trombe Wall Performance in Case of
Phnom Penh Row House

Chhorvy Khat * , aquiing A352550)° LAZEASUT ARNGT

3

Chhorvy Khat' , Angunthip Srisuwan® and Yottana Khunatorn

.|
UNANED

nsfnwluadsidunsfnwdmginisaivesssuuriuuunsen  lelilunisuulse
nsssueaInAnsluIAsinwelunganuaUey Femsiadaiuunsentusnatesiulad
Fuvugeesorns  Tnewluvunsesiuminluneidldviofians fuan  fadnisdnwldiing
Anwpudnvarmsivasazaussauzvesmilsuunseny  luladevesanudian samgl ez
Uaumsivavesnaeinia sausddusunismaaesauisnmzatesvesusingnsal Taeldiades
flolusunsunaransvatinadianai (CFD program) Kans@nwnud fivsinannuieusemie
ud (heat flux) 200 fAdrEAISIALAS, 400 SadFEAIT 9IRS, 600 SadFoATIaIAT 800 Jad
ROANSIUUAT WAz 1000 Tndremsnauns wlwuunsentnelmAnnisivadieuesenniaiinudy
Wy 0.14 wasdedundl 0.19 wnsAetuil 0.22 wasdedundl 0.26 wnsAeIWIT way 0.28 Wwns
Aedudl muddu wassilsuuunsentidnenmlunsiliiAnauSiaudiagilfmAanzn
duneRauAUsIamnuSeusiomieiiul 600 ademsaunstuly

uenninansing  Smuigungiluremiiuuunsendiflewiouieutugamgdi

ﬂﬁgﬁ)ﬂLLaﬁwﬁﬂLﬁaﬁmLLiﬂVT']ﬂ'ﬁVIWaENSLUﬂTlgLﬁaﬁlﬁﬁf’haﬁaﬂ g]JQLLC‘]I 4 DIALARIY ‘5\‘1 33 aNALAR
mr; Tel: +855 77 883 223, E-mail: khatchhorvy@gmail.com

2 Assistant PhD., Faculty of Architecture, Chiang Mai University, Chiang Mai 50200, Thailand

3 Assistant PhD.,Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University,Chiang Mai 50200,
Thailand

Trombe Wall Performance in case of Phnom Penh Row House

61



U SuduNaLIINNITENUTIIIR1INALEUIINTBIDINARN (inlet) VBISEUU  dRTINISIWAREY
wpMAgIEnTvosMadvemtiwuunsony JauUsiulaeyUseunasening 0.06 Alanduseduni
89 0.115 Alansureiu? NUSUIUANUSDURDNUIBNUT Haus 200 TRARDANSIUUAT B9 1000
Todisansnauns nansnaesianakanstiuidygunntunsUssgndliniuuunsendlu
P A a o a 2 A = oA o

Anwaaiiavienisiuaisuvesennianiglueias  Tnefnsdiusemunaisanwneiienaunssuy
TUUsZ AUV UIAURITEUUN T UUNTBUY USUnsvaeaathuiie warseosn1aseninaiuimii

P38 UTEUURNTIRUUNTDUY

Abstract

This work studies about the performance by Trombe wall system to
improve indoor ventilation of Phnom Penh row house by installing it next to a
stair block wall on top floor which faced south or west. The current work inves-
tigated on flow characteristic and phenomena of Trombe wall in term of veloc-
ity, temperature, and air mass flow reception from the beginning of experiment
until steady state. CFD program was used as processing tool. The result indi-
cated that from the heat flux 200W/m2, 400W/m2, 600W/m2, 800W/m?2, and
1000W/m?, Trombe wall induced average ventilation of 0.14m/s, 0.19m/s, 0.22m/s,
0.26m/s, 0.28m/s respectively. Trombe wall had capability to reach velocity of
comfort zone induced from heat flux 600W/m? up. Temperature in channel at
steady state decreased from 4K to 33K compared with temperature on glass and
on wall at first set up due to the replacement of cool air from inlet of the system.
Highest mass flow rate got at inlet were approximately varies from 0.060 kg/s to
0.115kg/s from heat flux 200W/m?2 to 1000W/m?2. The outcome showed a good
sign for the application of Trombe wall on row house while size of the system,
volume of target room, and distance from target room to the system should be

further investigated.

Keywords — CFD program, indoor ventilation, Phnom Penh row house, Trombe

wall.
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INTRODUCTION

To respond to climate change problems, Passive design technique roles
an essential factor to minimize the energy usage in buildings (McGee, 2013). To
take best advantage of the local climate, passive design with renewable sources
of energy such as sun and wind to provide cooling and ventilation is prior which
should be implemented. As a part of a movement towards sustainable architec-
ture, there are several types of passive ventilation strategy which had been re-
searched to improve indoor living comfort. Since the typical opening such as
single-sided ventilation and wind-driven cross ventilation (Mozaffarian, 2009)
could not apply to satisfy for all conditions of building design, the advance
techniques of stack effect and wind-catcher were subjected in experiments. In
case of Phnom Penh row houses, Lay (Lay, 2013) did a study about wind-catch-
er to induce ventilation in row house by designing the system on the top cham-
ber of stair block. He found out that wind-catcher did not provide any significant
to ground floor living room or kitchen neither all apertures are closed nor opened.
It worked for only for family room which was on a floor below the system and
next to the stair block itself. Moreover, Mazran (Mazran Ismail, Abdul Malek Ab-
dul Rahman, Ruhizal Roosli, Md Azree Othuman Mydin, 2012) stated that this
strategy depends on wind speed and direction relative to quadrants (of catcher
tower), and temperature differential. Therefore, it is not effective in low-wind
velocity condition and low indoor-outdoor temperature differential. Anyway,
instead of depending on the irregular wind blowing or natural stack effect, previ-
ous studies have revealed that advanced stack ventilation strategies could be
more reliable strategies to induce upward air movement and extract it out from
the building especially in low indoor-outdoor temperature differential condition

like hot-humid tropical climate region.

Trombe wall technique (J. Khedari, et al., 1999) is one of the passive

solar applications adding on stack effect. This wall can be constructed on the
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sun side of a building with a glass external layer and a high heat capacity paint-
ed black wall separated by an air layer. The air in channel sucked from inlet and
move up to outlet by buoyancy force. Omidreza S. et al. (Omidreza Saadatian,
et al,, 2012) investigated about the opportunities and challenges in research and
development of Trombe wall. There are categorized into 9 types of solar induced
ventilation system such as classic trombe wall, Solar transwall, Trombe wall with
phase-change material, Photovoltaic (PV) Trombe wall (Kashif Irshada, Khairul
Habiba, Nagarajan Thirumalaiswamya, 2014)- (Ji Jie, Yi Hua, et al., 2007), and so
on. In addition to these basic systems, some researchers had been focused about
others kind of materials which were expected to produce high capacity of mass
flow rate or air velocity. J. Hirunlabh (J. Hirunlabh, W. et al., 1999) took a test on
metallic solar wall separated with a gap from glazing panel. Air mass flow rate
received from the scheme was about 1.01-0.02 kg/s with surface area 2m2. Be-
sides, the other proposed glass solar chimney wall compare to single layer glass
wall to apply in tropic region (Jaran Ratanachotinun; Pithan Pairojn, 2014). Upon
three seasons of the year, glass solar chimney wall could afford 1.28°C to 2.46°C
reduction of room temperature compared to the single layer one. Another ex-
periment case of Mozart house in Lyon, France, two Trombe walls installed at
south side of the house help to save energy for heating around 20% for a year
(Milorad Boji'c, Kévyn Johannesb, Frédéric Kuznikb, 2014). Anyway, for tropic
region, Akkeepas L. (2009) studied the performance of glazing Trombe wall dis-
covered that in comparison with common wall, glazing trombe wall could save
up to 38% of the electricity on air-conditioner for a sample room volume of
27m3. Due to these studied, it was proofed that the system contributed the
economic benefit in energy saving and assisted to maintain occupants’ comfort.
In case of this topic pilot case study, the typical Trombe wall which consists of
normal glass panels and wall should be first considered while the system would
not be paid a high range cost, thus give more feasibility in renovation on the

existing houses. Top chamber of stair block was a good location in mean of stack
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ventilation channel to link the air flow from every floor of the house arisen up

to the exit.

Researchers also paid deep attention on factors offered high flow per-
formance in Trombe wall channel. S.A.M. Burek et al (S.A.M. Burek, A. Habeb,
2007) reported on an experimental study about air flow and thermal efficiency
characteristics in solar chimneys and Trombe walls. The results gave out the
correlation parameters of mass flow and thermal efficiency in dimensionless
form. It is distinguished that mass flow rate through the channel was a function
of heat input and channel depth. Gan (Gan, 1998) also noticed on the effect of
the gap between wall and glazing, wall height, glazing type, and wall insulation.
The prediction of ventilation rate increased while the temperature and heat rate
increased. The inlet and outlet height should be equally increased by the in-
creasing of channel gap width. Aniroot T. (2005) studied about the relationship
between heat flux and mass flow rate in gypsum board trombe wall. The out-
come showed that the maximum air flow rate referred to depth of the channel
on length of the wall (D/L) ratio 0.25 with heat flux 1000W/m2. However, the
highest thermal efficiency gave its best at ratio 0.05, the mass flow rate resulted
lesser. However, different researcher (2006) explored the most effective design
of the Trombe wall, considering the heat flux applied, mass flow rate of air in a
channel and wall aspect ratio (channel gap and wall height). The consequences
showed that in the steady state, the air flow rate in the channel was constant
in all cases of heat inputs from 200W/m? to 1000W/m?2. It also found that the
air mass flow rate increased with the rise of the heat flux input and the decrease
of air gap depth. Air flow rate reached a maximum at the aspect ratio of 0.05
with heat flux of 1000 W/m2. According to the constraints declared by previous
studied, heat flux contributed to the effect of flow in channel of Trombe wall.
The objectives of this paper was to apply the best ratio of Trombe wall gap with
different heat flux varies from 200W/m? to 1000W/m? due to the assumption of
heat flux from the sun from low light till the highest light during a day. Trombe
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wall was designed on top stair block chamber of Phnom Penh row house. The
results brought out the comparison of output data of each testing case identified
as velocity, temperature, and mass flow quantities. Next, it was detailed about
flow pattern process in notable position in channel along step of times until
steady state. The simulations were done by computational fluid dynamic (CFD),
since this program was validated compared to real experiments as well as its
revealing results in feasible visualization, low cost of labor and equipment (Ni-
tawichit, 2008).

MODELING SETUP

Trombe wall was designed to install on the stair block top chamber of
typical low stories row house in Phnom Penh. This type of row house consists
of three floor layouts include a mezzanine floor. As shown in figure 1, section
of an existing row house explained the connection between each facilities of the
house to the vertical tunnel of the stair block. Trombe wall would be installed
on south or west wall of an external stair block wall depends on the direction
of the houses. While applying the design, the existing opening with cement grill
on the chamber was ignored as solid wall, so that air flow pattern from inlet into
Trombe wall could be emphatically defined and analyzed. Figure 2 elaborated
about Trombe wall size according to the research of P. Thongnut (2006). Since
the best ratio 0.05 between gap and wall high was followed, the gap depth was
set 12cm. and equaled with inlet and outlet height. 3D modeling which was
input into simulation program was highlighted in break-line rectangle as shown

in figure
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There contains 5 groups of simulation cases according to heat flux input from
200W/m2, 400W/mz2, 600W/m2, 800W/m2, 1000W/m2. Hence, to measure the
effectiveness of the system, XFlow CFD program (Next Limit, 2014) were function
as simulation tool. By heat fluxes input, referred to table 1, the conversion into
a range of temperature on internal wall and glass surface were surveyed to be
used in pre-simulation setting up due to Phanuphong T. (2006). All surfaces of
the domain are considered as isothermal walls and no slippery condition was
set to the walls. Other primary boundaries condition input were considered as
earth gravity, indoor and outdoor temperature, ambient pressure. Inlet condition
was set by not using initial wind speed assisted, but based on a small pressure
different which 2Pa was input. According to ASHRAE standard of comfort zone,
the indoor temperature was set 27°C (ASHRAE-55, 2004), as this range started to
dissatisfy occupant comfort. Furthermore, based on a whole day surveyed on
temperature in row house (Lay, 2013), there were no lower temperature than
27°C noticed. The outdoor temperature was referenced from Phnom Penh airport
weather data station as the average of hot temperature during summer from
2003-2012 (Cedar Lake Ventures, n.d.). Table 2 showed important input param-

eters for simulation. The simulation were put to run until steady state.

The result of simulation would be analyzed in term of temperature,
velocity, and mass flow rate reception in channel. At steady state, the com-
parison of each heat flux consequences would bring out for discussion. Post

progressing of simulation will be resulted in 3D field view, and vector of flow by

time steps.

Heat Flux Tem. glass Tem. Wall
Wim? K oC K o
1000 356.35 83.20 334.15 61.00
800 349.62 76.47 331.82 38.67
600 33895 65.80 326.58 53.43
400 332.82 539.67 321.32 48.17
200 325.62 52.47 317.35 44.20

Table 1. Input data of temperature on internal surface of glass and wall
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Input Unit Data
Gravity m/s? 981
Initial temperature K 30013
Operating temperature K 306.15
Inlet pressure Pa 2
Inlet temperature K 306.15
Outlet Gauge pressure outlet
Simulation time 5 200
Resolve scale m 0.1

Table 2. Other input data for experiments
RESULT

This section brought out the comparison of each case of test in term of
output data identified as velocity, temperature, and mass flow quantities. Thus,
flow pattern process in notable position in channel at steady state would be

detailed and analyzed.
Simulation result of velocity

Figure 3 showed the average velocity of each heat flux from initial op-
eration until steady state. The average result at each point of time received from
a line which was drown from wall to the inner surface of glass inside the channel
near the outlet as shown by line 1 in figure 6 . All graphs expressed a very
similar pattern of velocity from one to another heat flux input. Lower heat input
gave lower wind velocity than higher heat input. It is noticed that after the sys-
tem was stably heated, the air started to flow out at outlet of channel at 20
seconds of time. From 0 to 20 seconds, it seemed that the air was arranging itself
to adapt with heated area between wall and glass. At first 5 seconds the air rose
in a very high level as the result of a great sucking speed from inlet due to low
pressure in channel. Then air speed decreased a little bit back caused from the

movement up and down of self-arrangement. From 40 seconds, there appears
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the initial of steady state since then air flow rate won’t dramatically change its
range. The result of average velocity at steady were 0.14m/s, 0.19m/s, 0.22m/s,
0.26m/s, 0.28m/s for the heat flux 200W/m?2, 400W/m?2, 600W/m?2, 800W/m?2, and
1000W/m? respectively. According to standard of comfort zone which from 0.2m/s

of air velocity is acceptable (ASHRAE-55, 2004), the system reached the comfort
zone from heat flux 600W/m? up.
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Fig. 3. Average of velocity in channel by all heat flux at step of times

Pending further on steady state as visible in figure 4, a repeated equiva-
lent pattern of each flow line had discovered in very similar shape by any situ-
ation of heat flux. The highest wind speed was produced by heat flux 1000W/

m? in range of 0.89m/s at steady state of 200 seconds. The lowest heat flux

created its maximum wind speed of 0.39m/s.

e
(==

0.6

o
i

Velocity (m/s)

d

Channel (mm)

200W/m?2 400W/m?2
600W/m?2 800W/m?2
—— 1000W/m?

Fig. 4. Comparison of velocity flow pattern in channel at steady state by all heat flux
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Due to the very similar flow pattern of velocity induced from one to
other heat flux, a case of heat flux 1000W/m? was chosen to elaborate ventila-
tion flow appearance in channel. In the beginning, air in channel organized itself
up and down by heat dispersion in channel until it could up-process in a regular
pattern. From inlet, the air were sucked from down stair part of chamber. A great
amount of air was pulled into the channel and a moderate amount was blowing
up and spinning circulated in the top chamber. The air moved downward and
collected to the inlet of the structure while crushing the bounding surface at
the back side of Trombe wall’s wall. Later in steady state, it was noticed that

flow pattern had its regular form as shown in figure 5.

Moreover, the analysis of air flow in channel was taken measuring on the
same three order positions: near the inlet, in the middle of channel, and near
the outlet which were demonstrated in figure 6. It was noticed that around the
area of inlet, the air were in fairly different range either in any position from wall
to glass. For line 2 and 3, the appearance of air movement could be presented
in three level of speed perceived on node of near-wall surface, middle of chan-
nel, and node of near-glass surface. The air arose up to blow down the heat on

wall and slass, resulted the higher air velocity near those surfaces.

Velocity (m/s)

!1.100

{0825
4 0.550

4 0.275

0.000

Fig 5. Color view and flow vector of velocity by heat flux 1000W/m?2, at steady state
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Fig 6. Velocity flow pattern in channel by heat flux 1000W/m?, at steady state

Simulation result of temperature

The temperature at the beginning was dramatically intensified because
the movement of air flow from inside the chamber was still slow. Soon, from 20
seconds the temperature was dropped and continued in a-mostly-equal range
which could be confirmed that the system was on the path of steady state. At-
tributable to figure 7, the high average of temperature inside the channel after
the continual of ventilation replacement was from 310.8K for heat flux 200W/
m? to 316.53K for heat flux 1000W/m?2.
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Fig 7. Average temperature in channel by all heat flux
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In figure 8, the graphics showed the comparison of temperature in between wall
to glass of each case of heat insertion. For heat flux 1000W/m? case, the tem-
perature near the glass was around 323.94K which accelerated the reduction
value around 33K from first set up in Table 1, thus 22K lower than the tem-
perature on wall surface compared to 334.15K beforehand. For heat flux 200W/
m? case, the temperature near wall and glass leveled off from 4K near wall
surface to 12K near glass surface. This could apparently imply that high heat
level in channel produced higher ventilation rate, so that the dropping tem-
perature value appeared to be bigger than the lesser heat input as be evident
on 200W/m? case. At steady state, the temperature in channel signified an iden-
tical pattern every occasion of heat flux input. Heat flux 1000W/m? provided a

remaining high temperature than the lower and lowest heat flux input invariably.
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Fig 8. Comparison of temperature pattern in channel from wall to glass, at steady state

It was illustrated that by the color series, high temperature endured on
the top part of channel and along the surface of wall and glass. The temperature
near inlet was no longer high due to the cool air blowing in from stair chamber.
At the same time the air rose up and store at the upper part of the channel

resulting in a higher temperature near the outlet.
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Simulation result of mass flow rate

Figure 11 proclaimed the result from simulation about air mass flow rate
from the beginning of operation till steady state. The pattern of graphs appro-
priately responded to the result of temperature and velocity pattern which were
agreed on the phenomenon of beginning state until the steady state. Table 3
displayed the average of mass flow rate at steady state of experiments for each
case of heat flux. Furthermore, air mass flow rate gotten at inlet of the system
was approximately 0.109kg/s as the highest average value which heat flux 1000W/
m? could create. The amount of mass flow rate slightly varied sometime along

the operation period. It was predicted that the replacement of fresh air at a time
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cooler the channel and it took another short time to heat up again, thus the

circle continually remained like that.
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Fig 11. Mass flow at inlet of channel along steps to time

Heat Flux Average of mass flow
200W/m? 0.060 kg/'s
400W/m? 0075 kg's
600W/m? 0087 kg's
800W/m? 0.100 kg's
1000W/m? 0.109 kg/s

Table 3 Average of mass flow rate at steady state of each heat flux

CONCLUSION

This work took noticed about modeling of top stair block chamber. It
contained 5 cases varies by heat flux from 200W/m?2 to 1000W/m?2. The result of

average velocity at steady were 0.14m/s, 0.19m/s, 0.22m/s, 0.26m/s, 0.28m/s for
the heat flux 200W/m2, 400W/m?2, 600W/m?2, 800W/m?, and 1000W/m? respec-

tively. The highest velocity in channel happened near the glass surface in value
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of 0.89m/s at steady state of 200 seconds. The lowest heat flux created its
maximum wind speed of 0.39m/s. In comparison to comfort zone standard, the
velocity could reach comfort induced by heat flux 600W/m? up. Likewise, tem-
perature in channel was dropped by the presence of cool air from inlet passed
through the channel. From heat flux 200W/m? to 1000W/m? temperature de-
creased from 12K to 33K compared with temperature on glass at first set up, and
4K to 22K compared with the temperature on wall beforehand. On the other
hand, highest mass flow rate gotten at inlet of the system was approximately
varies from 0.06kg/s to 0.115kg/s from heat flux 200W/m? to 1000W/m?2. This is

such appreciable amount like other experiments from prior researchers.

In conclusion, it could be assumed that Trombe wall system could pro-
duce a good result of velocity which could reach the comfort velocity needed
as stated by other researchers. The relationship between temperature, velocity,
and air mass flow rate acceptance from the channel was logically response to
the theory. For later researches, the distance from target room to Trombe wall
and the volume of target room which expected to get benefit from Trombe wall

system should be examined.
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Abstract

Hue is said as a center of Buddhism in Vietnam which is evidenced by
more than one hundred temples. However, the present Hue temples have no
characteristics of traditional Hue temples due to restoration and new construc-
tion. This paper aims to study characteristics of architecture by elements and
landscape of Hue temples in a square plan (Khau [-]) based on the field survey
of ten traditional temples of case studies to the southwest of Hue city. It is found
that temples with a square plan were formed by four buildings. This architecture
is framed an inner courtyard as a square shape. The temples with square plan
were formed by 4 buildings which are the main shrine, monk house, gsuest house
and worship. Among these 4 buildings, the main shrine isthe most important
building in a temple. Characteristics of the main shrine are built with style of
“two house on one foundation” and the roofs have “two layers and overlay
together”. There are symbols of decorative motifs at the corner of the roof of
four sacred animals according to Feng Shui concept. In addition, the overall of
temples are arranged symmetrically on the main axis from entrance to the main
shrine buildings. Houses for novice, a house for dining, kitchen, garden, and tomb
tower are attached together and arranged neighboring in overall plan of the
temples. All of these characteristic of traditional Hue temples need to be un-
derstood, updated and carried on for the next generation to maintain originally

order of square temples.

Key words: Hue temple, Thua Thien Hue, Vietnam, a square plan
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INTRODUCTION

Hue is known as a cultural and religious centre under the Nguyen Dy-
nasty (1802 - 1945), the last dynasty of Vietnamese history with palaces, tombs
and temples. In this period, both construction of new temples and restoration
of old temples was undertaken all over the area of Hue, where is evidenced by
more than hundred large and small temples on its area. However, the present
Hue temples have occurred as a competition between majestic temples both
restored and newly constructed. LinhQuang temple, for example, has been
changed to a new modern house with two floors taking up nearly all of the
space. Tuong Van temple used to be a famous ancient temple with a square
plan Khau () in Hue, which its architectural style is similar to a square in ge-
ometry. Four buildings include a main shrine, a house for monks, a house for
guests and a house of worship which form a square plan. But, it has rebuilt en-

tirely and is not traditional style of Khau ().

As each side has reasons and the other side its arguments, it is very dif-
ficult to determine the beautiful or ugly, right or wrong and so on. But in this
competition, the architectural characteristics of Hue temple in general and tem-
ples with square plan Khau (1) in particular must be considered. While Hue is
a World Cultural Heritage Site and Hue temple is also a destination of visitors, a

place of worship, and beauty that visitors need to contemplate.

This particular study is to determine of characteristics about function,
layout, form and decoration motifs of Hue temples. Specifically, this paper will
investigate the characteristics of the traditional architecture of the temples in

Hue with a case study of a square (Khau [ .
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MATERIAL AND METHODS
Scope of Study

The planning of Hue temples can be classified into four popular tradi-
tional styles including Nhat (—), Tam (3), Lieu (T) and Khau (H) (Liem,
2000). But the temples of Khau ( ) structure are the most special and complete
in square plan structure by the buildings enclose space to form a quiet inner

courtyard.

A field of survey of Hue city found twenty- one temples with a square
plan (Khau) of the Mahayana Buddhist faith. In the process of field surveys, some
new constructions and renovations distort the form of enclosure layout. In which,
three temples are in the northwest and eighteen are in the southwest of city.
However, there are nine temples which were renovated with the relocation of
one to three buildings. This renovation has affected to close the inner courtyard
and transformed the structure to a square plan temple. Moreover, there are two
temples which were newly constructed completely in another configuration.
Therefore, there are only ten temples that have kept their complete layout and
all of them are located in southwest of Hue city. They are concentrated in four
wards where mountainous topography and hills namely Phuong Duc (one tem-
ple), Truong An (two temples), Thuy Xuan (four temples), and An Tay (three
temples) (Figure 1). The temple in Phuong Duc ward is the oldest, founded in
1674. The most recent temple, AnTay ward, was built in 1924 (Table 1).

Name Year of Location
Temples Construction (ward)
T-01 BaoQuoc 1674 Phuong Duc
T-02 Quoc An 1683 Truong An
T-03 Kim Tien > 1697 Truong An
T-04 Vien Thong 1697 An Tay
T-05 Tu Lam >1699 Thuy Xuan
T-06 Thuyen Ton 1708 An Tay
T-07 Dong Thuyen 1739 Thuy Xuan
T-08 TuHieu 1843 Thuy Xuan
T-09 Truc Lam 1903 Thuy Xuan
T-10 DieuVien 1924 An Tay

Table 1. List of ten temples with Khau (I-]) structure
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NOTE: Name temple
M Temple of "Khau" structure

D Phuong Duc ward
17/ thuy Xuan ward

D Truong An ward

[D An Tay ward

T-01. Bao Quoc.
T-02. Quoc An
T-03. Kim Tien

) T-06. Thuyen Ton
T-07. Dong Thuyen

T-08. Tu Hieu

T-09. Truc Lam

T-10. Dieu Vien

Figure 1. Map of ten temples of Khau () structure in the southwest of Hue city
Methodology

The method of this study is primarily based on field survey of ten temples
of Khau (1) structure in the southwest of Hue city. Besides, the secondary data
is used to obtain the information and historical background of the temples. The
documents include the previous researches, books and journals related to tem-
ples in Hue. In addition, the primary data was collecting physical in the areas of
measurement and interview. Finally, an analysis of the architectural characteris-
tics of the temple of Khau (1) structure are over-laid. The result will be dem-
onstrated an overall plan, the main shrine building and the three particular
buildings of a house for monks, a house for guests and house of worship which
create a temple of Khau () structure. In addition, analysis on the architectural
forms and decorative details of the main shrine will be conducted. Finally, there

are suggestion for newly construction of square temple (Khau F).
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Literature Review

Since, Hue is a World Cultural Heritage Site by UNESCO and Hue is build-
ing the image of a festival city of Vietham. Hue temple is also a destination of
many visitors. Many studies have mentioned and researched aspect of Hue
temple such as Vinh et al. (1993) introduced the beauty of the famous temples
of Hue. The current most of them were restored around from 1957 to 1962 and
influenced by the Royal architecture and folk architecture of Hue. Liem (2000)
wrote about the common features of Hue temples. They are not voluminous
and simple like Hue traditional houses with three or five compartments and two
lean-tos. An (2002) said that most of the royal palaces, temples, and mausoleums
in Hue are decorated with motifs with ancient Chinese influences, such as the
four sacred animals are dragon, unicorn, turtle, phoenix. In addition, An (2000)
reported that in cultural activities in general and in Hue architecture in particular,
the influences of Chinese Confucius philosophy and Feng Shui principles can be
seen clearly. The most visible influence from Chinese philosophies is the use of
the theory of Feng Shui and in decorative motifs. So, temples traditional in Hue
are also influenced by Feng Shui principles. Xiang (2012) has explained the Feng
Shui concept as a practical academic skill to explore and explain the relationship
between natural phenomena and human living space. Feng Shui is the integra-
tion of many aspects such as traditional Chinese philosophy such as religion, the
original science and witchcraft rituals. Van (2006) studied the Feng Shui influ-
ences on landscape and architecture in temples in Hue. She found that geo-
graphical elements are the most important features in the selection of the land

with a mountainous landscape and a river in front.

Concerning the architecture style of temples with the square plan (Khau),
Trang (2004) has described the concept of temple of the Khau structure. She has
given three comments. First, the Khau structure is influenced by the square ar-

chitectural style of the second wall of Royal citadel. Second, it is influenced by
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the number four of Champa culture before Vietnamese people lived in this land.
Third, it has four buildings in the temple to form one courtyard to protect the
inside better. An and Liem (2006) explained that temples with Khau structure
have characteristics similar to a square in geometry and according to Buddhist
beliefs about the proportions and so on. Even there are previous study that try
to explain a phenomenon of the square plan temples but they are in the scope
of the concept of the temple and their building technology. Therefore, this study
is a complete identification of characteristics for Hue traditional temples and the

particular is temple of square plan (Khau) of Hue.
RESULTS AND DISCUSSION

The results of characteristics of the temple in case study would be di-

vided into three parts: overall plan, square structure, and main shrine building.
1. The overall plan of temple

The temple with square plan (Khau) in this case study is understood as
“the mouth” by its literature and its ideogram ([]). From the concept of its
ideogram, it has transform the idea to an enclosed space. The concept of plan

is square but in reality it was formed in perpendicular shape.

The overall components of all ten temples have combination of four
buildings. They surrounded and created an inner courtyard. There are a main
shrine, a house for monks, a house for guests, house of worship and an inner
courtyard. In addition four architecture and inner courtyard, other components
are also found in the compound of all ten temples of a square plan. They are
a main gate, a front courtyard, the house of novice, a kitchen and a dining house,
a Buddha statue, garden and tomb towers. Among them, main shrine, house for
monks, house for guests, house of worship and inner courtyard are important

structure to create the temples of square structure (Table 2).

The components of a temple are surveyed and data collection followed
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from outside to inside in the overall plan of a temple (Figure 2).

The main entrance of the temple has three entrance gate, it was called
Tam Quan gate (number 1). The next - front courtyard (number 2). The main
components of a temple are four buildings. The building to the south is main
shrine (number 3). To the west is house for monks (number 4). The house for
guests is located to the east (number 5) and house of worship is to the north
(number 6). These four buildings create an inner courtyard (number 7). Outside
the main components, the temple also has other neighboring buildings such as
houses for novice monks (number 8), a kitchen, and a dining house (number 9).
In addition, a Buddha statue is enshrined in an hexagonal or octagonal hall lo-
cated at the front courtyard (number 10). The temple complex is surrounded
by garden (number 11) and has many tomb towers to the north, east, and west
(number 12).

The compound of temple in case study of square plan
Temple | 1 [ 2|3 |4 [ s |6 |78 |9 |[10]11]12 Coln';’::] :[f.wn 1}':5:;;';“
Mg|Fc|Ms| HBn | Hg | Hw | Ic [Hn | Kd ([Bh | G | Tt
T-01 o (o 0 [ @» o[ o o] 0| @ .| 1674 Phuong Duc
T-02 « | o | @ . . R T T IR I O Y 1683 Truong An
T-03 L] . L] . L] L] . L] | . > 1697 Truong An
T-04 . . . . . . . . . . . . 1697 An Tay
T-05 . . . . . . . . . e (o | w >1609 Thuy Xuan
T-06 . . . . . . . . . . . . 1708 An Tay
T-07 « | e | @ . . « | o | o | e | | 0|e 1739 Thuy Xuan
T-08 e | o | » . . e o | o | oo 0@ 1843 Thuy Xuan
T-09 | s | @ . . .« | ® @ . LI 1903 Thuy Xuan
T-10 . . . . . . . . . . . 1924 An Tay
Total 8§ | 1010 | 10 | 10| 10 |10 |10 |10 | 7 |10 (10

Note:  Additional buildings [ |~ Main buildings [

Table 2. The components of temples in case study

1. Mg = Main gate 5. Gh = House for guests 9. Kd = Kitchen and house for dining
2. Fc = Front courtyard 6. Hw = House of worship 10. Bh = Buddha statue

3. Ms = Main shrine 7. Ic = Inner courtyard 11. G = Garden and tree
4. Hm = House for monks 8. Hn = House of novice 12. Tt = Tomb towers

88 3TN MIDBNLUVANTNIAGDN U7 2 adudl 1 (uns1Ay - Tguey 2558)

JOURNAL OF ENVIRONTMENT DESIGN VOL.2 NO.1 (JANUARY - JUNE 2015)



Notes:

1. Main gate
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f @ 2. Front courtyard

N 3. Main shrine

4. House for monks

@ 5. House for guests

6. House of worship

@
T

7. Inner courtyard

8. Kitchen and house for
dining

9. House of novice

1off y 10. Buddha statue

11. Garden

12. Tomb towers
Figure 2. The overall plan of temple
The square structure of temple

The main components of a temple are a main shrine, a monk residence,
a house for guest and house of worship, which the main shrine is the biggest. It
is located to the south and created by two buildings which connected together
with type of three or five compartments and two lean-tos. All four buildings
formed enclosed an inner courtyard and have plan in order to give an opportu-
nity to look to an inner courtyard. The inner courtyard is cleared, paved with
brick and cement. Moreover, it is decorated with potted flowers, ornamental
plants, and bonsai trees, which are arranged in rows and straight lines. All of ten
case studies have a main shrine as the largest and the most important building
in the compound. Moreover it was built at center of a temple compound
(Figure 3).
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House House
for monks e . for guests

Main shrine

Figure 3. The square structure of a square plan (Khau [)
Main shrine building

The main shrine building is the most important structure in the complex
because it is the main and the largest architecture in the compound. The build-
ing has multipurpose functions: a place for worship, a place for learning and
teaching, residence for the abbot and monks, and a place for the communities’
religious activities. Moreover, it has to be firstly constructed and is located to
the front of square structure and other buildings as well as on a main axis from

the main gate and the main entrance.

The main shrine contains two buildings, namely a reception hall and a
house of Buddhist worship. The abbot’s room and a place for monks are always
located at the north-east and north-west corners of the house of Buddhist wor-

ship (Figure 4).
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Figure 4.Plan of the main shrine
a. The plan of the main shrine

According to ten case studies, nine temples have a main shrine formed
by two buildings. Only the main shrine at Dong Thuyen temple has only one

building with three compartments and two lean-tos.
b. The stair of the main shrine

Stair of the main shrine leading to the reception hall is located in the
front and has five or seven steps. Two mythical creatures of dragons or unicorns
are flanked the staircase. They are embossed with cement or stone with deli-
cately carved. Decoration of stairs are found in eight from ten temples. Orna-
ments of two dragons at the stair of Truc Lam temple are inlaid particularly with

glass and ceramics that created brilliance (Figure 5).
c. Columns

Wooden columns of nine from ten temples are replaced by concrete
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ones in cylindrical shape painted with brown color to simulate wooden pillars.
Only columns at verandah of Dong Thuyen temple are still made of wood
whereas columns inside Truc Lam temple are a shaped in a square shape. Six
temples are decorated column with ornaments of dragon winding on its body.
The plinth is shaped as a drum and lotus motifs at the top. The other three
temples are not found an images of dragon, then, the body of the columns is

smooth (Figure 6).
d. Walls

The wall surrounding of the main shrine are simple. At the position of
the compartments of the front wall and behind are wooden doors. Two walls
at the left and right of the main shrine are adorned with reliefs made with ce-
ment, brick or by attached ceramic pieces. The reliefs are made in a form of a
dragon with cloud, or animals with a body of a horse and a dragon head, or
swastika motifs. The reliefs are found on two walls of a main shrine in every

temple (Figure 7).
e. Roof forms

Roofs of a main shrine have “two layers which are overlayed together”
(trungthiem) to raise the height and lighten the space of the shrine (Figure 8). In
the middle between two roof layers have supporting panels. These support
panels are decorated in the style of “one poem - one drawing” (Nhatthi - Nhathoa)
(Figure 9). This roof style is found in main shrine of nine case studies in this study.

Only the main shrine at Dong Thuyen temple the roof form is one layer of roof-

ing.
f. Detail decorations

Decorative motifs are at the middle top of the roof of the main shrine.
The motif of a dragon face with a wheel of samsara on its head is found on the

main shrines of nine case studies (Figure 10). A motif of a fireball is only found
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at the main shrine at Dong Thuyen temple.

The decorative motifs at the corners of the roof of the main shrine are
compose of four mythical animals, namely dragon, unicorn, tortoise and phoenix.
They are found at eight temples of ten case studies, except the roof of Tu Lam

and Dong Thuyen temple contain only a dragon and cloud.

A T
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Figure 8. The two layers roof of the main shrine of a square temple

VAT

Figure 10. The motifs of a dragon face with wheel of samsara at the middle top of the

roof and four mythical animals at the corners
h. Material

The walls, floor, roofs of all case studies are built and decorated with
brick, slazed bricks, and cement. The former wooden structures, such as columns
and beams have been replaced by concrete in nine main shrines of ten case

studies. Only Dong Thuyen temple still retains wooden columns and frames.
g. Color

Building colors of Hue temple are harmonious with overall appearance
of the temples. The colors are used brown, grey, pale yellow, white, and cream.
Pale yellow is the dominant color, and is found in seven of ten case studies.
Grey is found in Dong Thuyen and TuHieu temples. Only Vien Thong temple is
painted in white. In contrast, brilliant color are used for all decorative motifs with
pairs of contrast colors, such as red and jade; dark green and red purple; green

and yellow orange; yellow and violet; and purple and lemon yellow.
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CONCLUSION

Based on results and analysis of ten temples of a Khau () plan in the
southwest of Hue city. The characteristics of traditional Hue temple of Khau

structure could be concluded as follows:

1. All of the square plan temples in this study are built on relatively
mountainous topography and hills in the southwest in Hue city. The overall of
square temple is the main gate with three aisles. The orientation of temple

depends on the accessibility and the topography of the temples.

2. The main components of temple are the component of the architec-
ture that form a square courtyard; namely a main shrine, a house for monks, a

house for guests, and a house of worship.

a) A main shrine is the biggest building located to the south and
created by two buildings. They are connected together and composed of three
or five compartments and two lean-tos. A house for monks is placed to the west,
a house for guests is to the east and a house of worship is to the north of the
square structure. These buildings have similar plan, composed of three compart-

ments and two lean-tos.

b) Four buildings are arranged perpendicular to each other and
created an inner courtyard. They have open of plan and look to an inner court-
yard. At the yard, many flower pots, ornamental plants, bonsai trees are arranged

in order and straight line.

) Besides these four buildings that form a square yard, houses
for novice around two to three houses are located to the back of house of wor-

ship. Neighbor buildings have only one story. In addition, a house for dining and
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a kitchen are attached together and are located to the northeast next to a house

for guests.

d) The Buddha statue is placed in an hexagonal or octagonal

house without the doors in around and built at the front yard of a temple.

e) A temple is surrounded with gardens and trees. The trees in
gardens are planted and carefully arranged. The front courtyard includes peren-
nials, fruit trees and the bonsai. The inner courtyard contains bonsai trees. The

backyard comprises vegetables gardens, the perennials and fruit trees.

f) Tomb towers in a temple are belong to the Venerable, the Great
Virtue. They are ancient and scattered to the rear on two sides of main shrine

of a temple.

3. The main shrine building

a) The main shrine contains of two buildings on the same founda-

tion, namely a reception hall and a house is used for Buddhist worship.

b) Verandah columns are sculpted with a figure of a dragon wind-
ing on its body. The column plinth is shape of a drum and lotus motifs at the
top. Interior columns are simpler than at the verandah parallel to columns of a

traditional house.

c) The popular roofs form composes of “two layers which are
overlaid together”. At the middle of two roof layers is supporting panels. They
are decorated with poems and mural painting on stories of Buddhism and natu-

ral beauty of a temple.

d) The decorative motifs on two walls of the main shrine are

carved reliefs mode by ceramics, which are the symbols of dragon and cloud,
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or the animal that formed by horse body with dragon head, or swastika motifs.

e) Symbols of a dragon face with a wheel of samsara or swastikais
located at the middle top of the roof. At each corner of the roof obtains four
mythical animals, namely dragon, unicorn, tortoise and phoenix that relate to

Feng Shui.

f) Stairof the main shrine are decorated by two creatures of

dragon or unicorn.

g) The construction and decoration of the walls, floors and roofs
are made of brick, glazed bricks, and cement. The columns and beams are re-

placed by concrete.

h) Colors on walls are usually grey, pale yellow and white. The

decoration colors are often use by brilliant colors and pairs of contrast.
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