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Thermal and Wind lEnviromIHlent of KoreaEI Traditional House

with Korean Hanged]Door

～ Field Measurements and SiIIlulation～

CllanpllPARK*

Kサ otaka DEGUCHI*,Yulti TASAKA*,Akihto TANEURA*Sao■ NAKAKO正 米
,AFaNAKAMICHI*

This papcr dcals、with thc flcld measurcmcnts and silnulation on thcrmal and、vind cnvironmcnt of

traditional houscs in Korca Mcasurcmcnts、vcrc carried out on Korcan traditional housc with a

Ondol(stonC n00r),A/1arucDaCChCong;woodcn lloor),Bunhab(hangcd dooo in Su■ 1lncr

Ondol rooms arc rccognセcd that thosc arc suitablc rooln fOr、vintcr And thc WIaru is rccognセcd that

it is thc suitable spacc:or summcr But according to thc rcsuit of flcld mcasuring,、vc found Ondolrooms

w c r c  a l s o  c o m f o r t a b l c  r o o m s  f o r  s u m m c r  T h c  o p c n c d  O n d o l  r o o m  w c r c  s i m i l a r  t o  t h c  M a r u ' s

cnvironmcnt Thcrcforc thc most comfortablc placc is thc opcncd Ondol roo■l bccausc ofthc tcmpcraturc

of that floor and thc、vind from thc 江ヽaru in this surveン,wc rlnd that thc Korcan traditional hOusc is

comfortable without air conditioners in summcr by hanging doors And、whcn wc usc air conditioncrs wc

wastc cxtra cnergy Wc、wondcr that we should study from thc Korcan traditional houscs which not

wastc cncrgy

【?″ b/冴sf θ″冴οえ才%α/″,B″″力留 ,【οァタα″″α冴,″ο″α′力ο″s夕母r72¢/初α′α″冴ψJ″冴夕″ッす陶″″夕″サ

1. Introduction

Wc thoughtto idcas ofthc Korcan traditional houscs that acccpt

various scasons Korean summcr scason is vctt hot and high

humiditt A■rcragc tcmpcraturc and humiditt ofAugustin Scoul

is 25 4°C and 799る And、 vintcr scason is vctt cold Avcragc

tcmpcraturc of January in scOulis‐3 1°C Hcrc arc stonc floor

callcd Ondol room,woOdcn 3oor callcd A/1aru(Dacchcong)and

Korcan hangcd door callcd Bunhab(hangcd door)in thC housc

Ondol ls hcating systcm using hcat to occurc by cooking So

Ondol room is callcd space 3or、vintcr Maru is opcning r00m

madc、 vith wood So Maru callcd spacc for summcr

On bcginning stud)ら、vc rCSCarchcd past study about thcrmal

and wvind cnvironmcnt of Korcan traditional houscs But there

wcrc fc、v documcnts、vrittcn abOut invcstigation of su■lmcr

ThcrcForc wc、vcnt to Korca to rcscarchcd thcrmal and、vind

c n 宙r o n m c n t  a t  t h c  r c a l  K o r c a l l  t r a d i t l o n a l  h O u s c  i n  s u m m c r  A n d

VCritt that Ond01 rooms and thc Maru arc appropriatc as spacc

ofwintcr or su■1lmcr

2. Outline oF the measurements

2‐l WIcasuring period and areas

Thcl■casuremcnt was takcn placc from Scp 3 to 5,2008 in

Yangdong ⅥlLgc,Gyconttu in Korca Th為宙lagc偽 10cat10n at

36° North7129 25° East and surrounding by ll10untain(Fig l)

Thc vlllagc has bccn designatcd as imporlant cultural propcrtics

磁 卜、
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率Dcpartlncnt of Architccturc Pic.l Landscape of Yangdong Village



in 1984 Thcrc arc about 150 houscs and livcs 740 pcoplcs Thc

louscs bullt of、vood M′ith a tllcd rooi thatChCd roofs in thc

villagc(PiC l)

2‐2 0utline of measuring house

Thc housc、vhich、vc mcasurcd is built on thc sioping ground

The housc is thc placc ofrnccting and putting things Thc■ousc

fronts on thc vacantland and thcrc is a housc on thc oppositc

s i d c  o f t h c  h o u s c ( P i C  2 ) T h c r C  a r c  n o  p c O p l c  l i l r l n g  i n  t h a t  h o u s c ,

too Thcrc arc two Ondol roomsin thc housc,locatcd at thc ca針

sidc and in the west side And thc spacc bctwccn two Ondol

roomsis thc woodcn noor The woodcn llooris callcd Maru or

Dcgchon in Korca Ondolroo■ 1'S paritions arc](orcan hangcd

doors Korcan hangcd thc doors likcs Fusuma of Japan Thcrc

arc callcd Bunhab Thc dctalls ofthc housc arc sho、vcd in Fig 2,3

2-3 Korean hanged door(Bunpab)

Korcan door is a rlxturc uscd for thc partitioning of thc Korcan

traditlonal houscs lt is uniquc to Korca」apancsc Fusuma isjust

sliding fro■l sidc to sidc But Korcan door opcns llkc a door and

also、vc can bc hangcd up to the cclling By doing so Korcan
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pcoplc can makc an individual smallroom onc big iargc spacc,as

sho、vn in Pic 3 This use of partition adapts cach roomn to vari‐

ous scasons And Korcan pcoplc can usc it lnulti‐purposc

Whcn thc hangcd dooris opcncd in summcr,Inuch、 vind can

passthrough allrooms For cxamplc from thc Ondol room to thc

江ヽaru or thc other Ondol room lt rncans all rooms which arc

uscd dittcrcnt usc bccomc samc cnvlronmcnt and morc comfort―

ablc bj7 hanging doors

Thcrc arc hwo lypc of grillc in thc doors ln Fig 4)5 thc uppcr

part and thc lo、vcr part of grillc arc loosc and thc■1lddlc pat of

grillc is flnc Thc parts which arc paintcd arc cxprcsscd Korcan

papcrin Fig 4 Thc uppcr and lo、vcr parts ofthc door arc papered

iom thc both sidcs Thc othcr partis papcred iom just Ondol

room sidc So thc part of middlc plays a rolc as opcning(PiC4,5)

Thc uppcr and lo、 vcr parts havc an atmosphcrc laycr An

atmospheric laycr is cffectivc in raising an insulation cttct

2‐4 WIcasurement points

l.Weather oll the outside

Thc follo、ving Fi3 8 sho、 v thc mcasurcmcnt points and

Pic.2 The mensuring houseFig.2  Floor plall
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mcasurcmcnt itcms of thc thcrmal, humidity and 、vind

cnvironmcnt ThrcC Cups typc ancmomctcr and Storagc mctcr

、vas sct up on thc、vcst sidc of tllc housc Thrcc cups ttpC

ancmomctcr was sct up in 5mctcrs on thc ground

2.Horizonlal lneasurement point

Thc following Fig 6 sho、 v thc mcasurcmcnt points and

measurcmcnt itcms of thc thcrmal, humidity and 、 vind

cnvironmcntin the room Opcncd Ondolroom is a room in thc

呂       呂

statc to opcn a1l opcnings And,closcd Ondolroom is a room in

thc state to shut all opcnings

Thc thcrnlal cnvironment incasurcmcnt pointin flvc placcs and

thc、vind cnvironment rncasurcmcnt pOint in six Piaccs、vcrC SCt

up in thc room

3.Vertical measurement points

Thc follo、ving Fig 7 sho、v thc mcasurcmcnt points and mea‐

surcmcntitcms ofthc thcrmal,hullidity and、vind cnvironmcnt

Pcrpcndicular distribution of floor lcvcl+100■1■1,+600■lm,

+1100m■ 1,and■1600■lm in fbur placcs、wastakcn in cach room

０

　

　

０ ６

halF close or open

Fig.5 Bunhab close and

all open

open

Fig.4 LeFt:view from the巾 Iaru

Right:view from the Ondol room

Pic.4 0ndol room with closed door

Fig.6 Horizo■ tal Plan
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Fig.8 NIcasurement points or the outside

ln thc bclow thc lloor lcvcl of thc Maru,thc tcmpcraturc and

h u m i d i t t  w a S  m c a s u r c d

3. Reasults of↓ he measurements

3‐1 0utside enviromment

During thc measurcmcnt,air tcmpcraturc was rccordcd from

240° C to 28 0°C in daytimc and maximum tempcraturc was

rccordcd 28 6°C,14:00 Scp 3,2008 A■rcragc tcmperaturc of atr

tcmpcraturc du拭ng thc incasurcmcnt was rccordcd 20 6°C And

Scptcmbcr avcragc tcmpcraturc ofYangdongヽ11lagc、vas rccordcd

―
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209°C and avcragc ofmaximulltcmpcratutt wasrccordcd 25 1° C

in 1971～1990 Maxilmum tcmpcraturc ofthc rncasurcmcnt pc五 od

was highcr than Scptcmbcr avcragc Oflnaxilmuln tcmpcraturc

Fig 9shows airtcmpcraturc and humiditt duing thc mcasurcmcnt

Fig■O shows thc wind vclocitt and thC dircction ofthc wind

d u r i n g  t h c  m c a s u r c m c n tヽ伍対m u m  w i n d  v e l o c i t t  w a S  r c c O r d e d

13(m/s).It Was blowing from southwcst,sOuth‐ southwcst to

northcast,■orth‐northcast in thc daytilnc

3‐2 Themal environmellt

At rlrst,wc focus on thc rcsuit 3or thc floor tcmpcraturc of

thc■ousc Undcrthc floor ofthc Ondol room is suHoundcd by

calth,so thc tcmpcrature ofthc Ondol f10or is affccted by that of

carth Comparcd 、 vith thc tcmpcraturc of the A/1aru, thc

tcmperaturc ofthc Ondol aooris iow from about l° C t0 3°C in

thc daytilnc Fig ll shows thc tcmpcraturc ofthc noor and air

tcmpcraturc,Scp 4,2008

Daytilnc,thc tcmpcraturc ofthc housc's Roor、 vas gctting

high as air tcmpcraturc was gctting high But thc gro、 ving of

tempcraturc of Ondol room)sn。 。r、vas lowcr than that ofthc

Maru's IIoor bccausc Ofthe Ondol's structurc bullt of carth Thc
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tcmpcraturc of thc A/1aru's lloor rosc flom 19 8° C to 24 9°C in

thc daytiinc Thc tcmpcraturc ofthc closcd Ondol room's lloor

rose from 21 1°C to 22 3°C in the dawimc And thc tcmpcraturc

ofthc opcncd Ondolroo■ 1's tloor rosc from 21 5°C to 23 4°C in

the daytime We Feltthe noor ofthc Ondolroo■ l bccool whcn wc

sat on thc noor Nttt,wc mcntion thc rcsult ofthe temperaturc at

thc hcight of 600mlll bccausc l(orcan pcoplc livc on the lloor

Fig 12 is thc graph of thc diffcrcncc in tcmpcraturc at thc

hcight of 600m■ l of standard for air tcmpcrature,Scp 4,2008

Daytimc,all tclllpcraturc at thc hcight of 600mnl、vcrc rccordcd

undcr airtcmpcraturc ion1 2 6°C to4 8°C Such this charactcdstic

、vas sho、ved in thc othcr hcights

3‐3 Wind cllvironment

To know wind cnvironmcnt in this housc cspccially ho、v

much innucncc are thcrc by opcning and closing doors,、 vc

mcasurcd dircction of、vind and wind vclocity in 8 points

Fig 13 shows wind velocity of 8 points Porch is almost

outsidc sPacc that has、vood lloor and a rooi Thc numbcris thc

pcrccntagc that is standard for outsidc avcragc wind vclocity of

cach avcragc wind velooity

Thc ratio of porch4,9700 1s highcst of all Bccausc thc、vind

gathcrs to thc Dacchcong from various dircction and wind to

pass by is conccntratcd in thc porch4ダム「ind VC10city ofthc Maru

and opcncd Ondol rooln sho、vs in Fig 14,15 Much、vind from

south west pass by thc WIaru Thc ratio of opcncd Ondol room is

lo、vcst of all All of WVind dircction of opcncd Ondol roo■l pass

by X direction lt lncans that lnuch wind go through bctwecn

opcncd Ondol roo■l and thc Maru

3‐4 Evalua1lon by SET来

SETtt is nc、v standard cffcct tcmpcraturc and lmcans com‐

3ortablc of thcrmal cnvironmcnt in bulldings SETtt is calculatcd

by using thcrmal rcsidcncc of cloth,Inctabolisna ratc,MRT and

tcmpcraturc,hu■1ldity,and、vind vclocity MRT was calculatcd

by using globc tcmpcraturc Thcrmal rcsidcncc of cloth is esti‐

mt t c d  a s  0  6 8 ( c l o ) a n d  m e t a b o l i s m  r a t c  i s  u s e d  1  0 ( M c t ) S E T *

is dcrlned as comfortablc bet、vccn 22 2°C and 25°C  Tablcl

shotts thc basic data for calculation of cach spacc this tilnc Wind

vclocity of cach spacc、vcrc calculatcd by thc avcragc and thc

m t t i m u m  m i n d  v e l o c i t t  T h C  C a l c u l a t c d  t t s u l t  O f S E T ネa r c  s h o w n

in Fig 16

Thc SET*ofthc closcd Ondol room was dcflncd as littic cool,

littlc uncom:oltablc and comfortablc Bccausc Bunhab,windo、vs

ofcloscd Ondolroom wcrc closed,it didn't blo、vin thcroom Thc

SETtt uscd thc avcragc、vind velocity of thc WIaru and opcncd

Ondol roolm、 vas dcflncd as thc comfortablc So thc most

comfortablc spaccs arc thc 江ヽaru and opcncd Ondolroom

4. An analysis with silnulation

4‐l Purpose

This tilllc,itis a purposc tO grasp the、vholc flo、v、vith thc

invcstigation ofthc actua1 1■casurcmcnt and thc analysis of thc

sllnulation Andクit is vcriflcd about the validity of thc Bunhab

by thc actual mcasuremcnt by giving thc analysis which thc

condition ofthc Bunhab which couldn't do itis changcd from

4‐2 WIcChod

This tilmc,wc rcscarch thc no、v ofthc indoor wind ofthc

building by using sllnulation sottarc of``STR』LAぶ/1 for Windows

Vcr 7"師 c vcA守 thc nOWing ofthc wind which is thc Ondol

room and Maru by this sOft、varc On that occasion,、vc cOmpare

thc condition of thc opcning in 2 pattcrns

32% 97%
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l A condition is samc at thc tir■c ofthc mcasurcmcnt

2 A condition that half ofthc fusumas、vcrc opcncd

Wc chcck thc v】ditt Oftllc Korcan Fusumacunhab)町 thC

abovc analysis And,a wind dircction uscs the south、vcstc、vhich

、vas thc most abundant、vith obscrvation As forthe modcl ofthc

rcsidcnce,it is simpliflcd a lncasurcmcnt housc and did■linute

Pic.6 NIcasurement machinery set a velocity

and a direction of wind

Fig.16 SET★ oF thc house,ScP.4,2008

mcsh division(flg 17)

T h c  w i n d  w h i c h  w c n t  f r o m  t h c  s o u t h w c s t  g c t s  i n  f l ・o n l  t h c

opcncd thc south sidc ofthc WIaru,and thatr■ost flows Out from

thc opcning on thc cast of thc north sidc Sor thc互ヽaru Thc

scdiment placc ofthc、vind is madc in thc palt atthe、wcst sidc of

thc Maru,and it no、vs out frona thc opening on thc wcst ofthc

■orth sidc ofthc Maru llttlc by littlc Though、vind was sOmctimcs

blowing in thc circlc from thc varlous dircctlons duing thc actu狐

mcasurcmcnt,it can bc prcdictcd that this is bccausc thc wind

w h i c h  h i t  a  w a l l l s  c a u s i n g  a  w a r  w a y  f r o m  t h c  s i m u l a t i o n  A n d ,

、vhcnいwo、vays arc comparcd,、vhcn it is complctcly opcncd,

thc wind nows in about 0 7(m/s)in thc whole ofthc Ondol

rOOm(flg 1 8)WhilC WhCn itis half opcncd,thc、 vind no、vs in

about 0 5(m/s)in thc wh01c ofthc Ondol room(flg 19)It was

provcd by this that it had vcnt■atiOn pcrformancc by hanging

doors(Bunhab)

S. Conclusions

Ondol rooms arc rccognセcd that thosc arc suitable roonl fOr

Fig.18 The ttow ofthe wind in the actua1 1■ easurement

Fig.19 The flow oFthe wind o■ the conditiOn that it was

narrowed opening
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、vintcr And thcヽ Iaru is rccognizcd that it is thc suitablc spacc

for summcr But according to thc rcsuit of flcld mcasuring,wc

found Ondol rooms wcrc also comfortablc rooms ttr su■ lmcr

Thc opcncd Ondol room、 vere sir■larto thc 互ヽaru's cnvironmcnt

l ln thcrmal cnvironment ofthc closed Ondol roo■ 1,tcmpcra‐

turc at all hcights、vcrc about 2°Clowcr than that of othcr points

in thc daytilnc

2 Thc tcmpcraturc of Ondol room's noor is fronl about l°C to

3°C lowcr than that ofthc woodcn IIoorin daytimc So wc felt

thc Ondol's noor c。。l whcn、vc sat on thc floor

3 Bccausc undcrthc noor of ond。 l rooms arc built ofcarth,thc

homolothcrmal tcmpcraturc of carth cttccts in thc tcmpcraturc

Tablel Data lo calculate SET・

Tempt lRT Hulllidits 1ヽ■d、〔loci“

「℃] ℃ /9 「mls]

6!00110:||1■001位0酬1位HIL■0倒1&0印1位081■00160

d41eSheo■督
は2010,3210132

世剰:31911

2S12
78.3 6S)81'tutu

6緯酬lll船

103綱 Ondtll loo■ 21,8 拓.6 る.2 は030.0310.13

熙 圏mmコ、口1岨〕“dS I R T  bドm a玉村nd  t t e h i、

田醐m・ぉn、醐玉下intl ttdocl中

Fig.20 A velocily and a direction of wind sil■ ■1■1lom

of Ondol room)s floor Thc tcmpcraturc of cttth is abOut 15°C,

flxcd tcmpcraturc,for ycars

4 Thcn in、wind cnvironmcnt,it was blowing from thc Maru to

thc opcnd Ondolroom by hanging doors ln thc opend Ondol

r o o m , t h c  w l n d  f r o m  w c s t ‐n o t t w e s t  w a s  b l o w i n g  t o  e a s t ‐s o u t h ‐

cast

5 According to thc measurcd datc,wc think thatitis vcry com―

fortablc room for staying in thc closcd Ondol room in suttmcr

But thc wind wasn>t blo、 ving bccausc of doors and、 vindo、vs

closcd

6 ThcSETネ by thc avcragc vclocity ofthc opencd Ondol room

wcrc 22 2°C,240° C,246° C at 10i00,12:00,16i00

7 ThcSETネ by thc avcragc velocity of thc Maru、 vcrc 22 2°C,

236° C,232° C at 10i00)12:00,16:00

8 Thc calculatcd rcsult of SET*by thc avcragc vclocity ofthc

opcncd Ondol roorm andヽ 質aru wcrc dcflncd as comfortablc bc‐

いwccn 22 2°Cand 25 6° C

9 Thc calculatcd rcsuit of SET*ofthc closcd Ondol room wcrc

dcrlncd as littlc cool,littic uncomfortablc at 10:00,12:00 Thc

SETtt of 10:00,12:00、 vcrc 21 0°C and21 5° C Thc SETⅢ  ofthc

opcned Ondol room、 vcrc 22 2°C and 24 0°C at10:00,12:00 1t

isn't casy to stay in thc closcd Ondol room 10ng tilnc

Thcrcfbrc thc most comfortablc placc is thl opencd Ondol

room bccausc ofthc tcmpcraturc ofthat aoor and thc w′ ind from

thc Maru ln this survcy,ヽ wc rlnd that thc Korcan traditio■ al

housc is cOmfortablc、vithout 4ir conditioncrs in summcr by hang‐

ing doors(Bunhab)Alld it adapts it'sroom Nowadays,air con‐

ditloners arc ncccssatt fOC us And、vhcn wc usc air conditioncrs

、vc wastc cxtra encrgy Wc、vondcr that、vc should study from

thc Korcan tradition』 houscs which not wastc cncrgy
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