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北海道大学工学部研究報告

第145号　 （日昌禾063年）

Bulletin　of　the　Faculty　of　Engineering，

　gokl｛aido　University，　No．　145　（1988）

　　　　：M［eas賦re職e聡ts　of　the　T飯er亙魏a翌E醜v曼rOR亙聡e競愈

　　　　　　　　　　　　　　of　Trad［藍奮iOita亙　Houses　a亙亘d［

An　A撃茎量catiopm　S鶴dy　of臨s麗丑就ed　Bu量護〔丑量鷺gs　Us量ng

　　　　　　TkermaaR　Cgncepts　of　TradieEoRaE　ffoesses

Masamichi　ENAI，　Nobortt　ARATANI　and　Ilideki　lsHIDA

　　　　　　　　　　　　　　（Received　September　10，　1988＞

Abstract

　　　　　In　this　report，　we　wi｝i　try　to　vaiidate　some　of　the　wisdoms　of　our　ancestors，　who

Iived　in　the　humid　and　ho£　summer　climate　south　of　Hokkaido．

　　　　　We　measured　the　thermal　environment　of　traditional　houses　on　Honshu　isiand，

aRd　from　the　measured　results　confirmed　the　wise　coRstructional　concepts　of　our

ancestors　for　comfortabie　living　in　the　summer．　ln　addition　we　propose　that　some　of

the　traditional　and　iRtellectual　technics　are　useful　to　improve　the　thermal　environmeRt

of　insulated　and　alr－tightened　buildings　during　the　summer　in　Hokkaido．　Thus，　we

presented　aR　application　study　on　such　dweliings　and　a　feasibility　study　on　the　open

cooling　of　an　office　building　and　clear　canopy　space　in　Hokkaido．

1．　lntroduction

　　　　　Kenl〈o，　a　poet　and　an　essayist　ln　tke　ear｝y　14th　ceRtury，　said　CtWhen　we　plaR　housing，

we　shou｝d　do　it　with　consideration　to　a｝1　summer　conditions．”　When　we　describe　the　sultry

ciimate　of　surr｝mer　in　Japan，　we　often　quote　from　his　writing，　which　emphasized　the　high

humidity　and　hot　sumrRer．　At　his　time，　the　most　beautifui　scenes　were　expressed　by　using

poetic　words　such　as，　sRow，　moon，　and　cherry　blossom．　Furthermore，　the　imagery　of

snowfall　was　probably　admired　in　Japanese　poetry　because　the　coldness　of　winter　did　not

dis£urb　daily　llviftg　so　much，　when　a　little　hearth　was　used　in　a　room，　even　if　the　room　air

ternperature　was　almost　eqttal　to　the　outdoor　temperature．

　　　　　Hokkaido，　at　a　latitude　from　42“　to　45“N，　is　the　northernmose　island　of　Japan．　The

outdoor　temperature　drops　to　between　一10“　aRd　一30“C　in　winter　and　the　sRow　often　reaches

1．5　m　in　piaces．　The　development　of　Hokkaido　began　about　one　huRdred　years　ago．　One

of　the　reasons　for　the　late　start　was　the

extreme　cold　and　heavy　snowfall　in　the　winter．　Although　the　summer　in　Hokkaido　is　short，

the　outdoor　temperature　can　reach　3e“C　and　the　solar　radiation　is　rather　strong．　Therefore，
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in　Hokkaido，　it　is　necessary　to　consider　the　summer　conditions，　as　well　as　the　winter

conditions，　when　designing　the　thermal　environment　of　a　planned　building．

　　　　　IR　this　report，　we　infer　the　thermal　environment　of　traditional　houses　south　of

llokkaido　and　introduce　some　application　studies　for　insulated　buildings　in　Hokkaido　using

their　thermal　concepts　in　high　humidity　and　hot　summer．

2．　M：easure瓢en毛of重he　Thermal　E薮v量ro鶏膿e簸t　of厨radit呈ona玉Houses

2－1　Country　Dwellings　aitd　City　Dwellings　1

　　　　　1n　Japanese　we　call　traditional　country　dwel｝ings，　ttMinka”，　and　traditional　city

dwel｝ings　tCMachiya”．　＊1

　　　　　The　thick　roof　of　a　Minka　is　made　of　Japanese　pampas　（reed）　grass　which　keeps　out

the　heat　of　strong　solar　radiation　in　summer．　A　Minka　is　aガ℃pen　Style”dwelling，　which

has　some　large　openings　and　air　leakage　in　its　walls．　lt　is　easy　for　them　to　displace　heat　and

moisture　because　of　the　amount　of　air　veRtilation　through　the　room　spaces　or　vvall　cavities．

On　the　other　hand　during　the　rainy　season，　landslides　caused　by　torrential　rains　always

severely　damage　some　dwellings　alongside　the　hills　south　of　Hokkaido．　The　question　arise，

Ct
vhy　do　we　build　on　such　sites　？　”　Whereas　f｝at　leRds　in　the　country，　we　can　use　flat　and

wide　ground　more　efficiently　for　farming．　When　we　build　houses　at　the　foot　of　the　south

slope，　which　is　covered　with　copse，　this　locatioR　is　warm　in　winter　because　of　sufficient

sunshine　and　little　seasonal　wind．　as　well　as　cool　in　summer　because　of　cold　downward
　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

airflow　through　the　copse　of　the　slope．　Fig．1　shows　an　ideal　sketch　of　a　Minka　and　a

Machiya，　respectively．　A　Minka　utilizes　the　temperature　difference　between　day　and　night．

It　has　a　displacement　ventilatioR　system　in　summer　season．　ln　this　case，　the　ventilated　air

moves　horizontally．　These　conditions　provide　inhabitant　with　comfortable　living　in　the

sultry　summer．

　　　　　Machiya　were　built　shoulder　to　shoulder　in　commercial　districts．　ln　oid　times，　feudal

lords　usually　placed　a　tax　on　the　frontage　of　the　dwellings．　Therefore　a　Machiya　had　a

narrow　frontage　and　a　greater　depth　from　the　face　of　the　street　or　passage．　The　dwelling

density　of　Machiya　（2　storied　wood　town　house）　was　70－80　houses／ha．　The　density　is

almost　as　had　as　that　of　recent　city　planning　with　apartment　houses　（5　stories　of　a　flat　type）　．

Negative　aspects　center　oR　shortcomings　of　the　neighborhood　and　enviroRmental　conditions．

The　most　serious　danger　in　the　case　of　such　a　high　density　is　the　chance　of　a　coRflagration．

　　　　　Machiya　were　usually　composed　of　thick　fireproof　walls　between　neighbors，　the　tile

roofs，　some　storehouses　with　thick　clay　walls，　a　passage　way　to　the　streets　which　also　served

as　routes　of　escape　in　the　event　of　a　fire，　and　many　thickets　in　the　courtyards　to　live　on　a

friendly　procimity　basis　with　nature　and　atthe　sametime　provides　privacy．

　　　　　Consequ’ently，　though　Machiya　had　a　tCCIosed　Style”　against　the　heat　from　outside，　the

inner　spaces　were　connected　relatively　open　with　each　other　（See　Fig．3．）．　The　warm　and

highly　humid　air　was　exhausted　quickly　through　the　high－roofed　passage　way　CtToori　Niwa”，
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and　also　air　which　was　cooled　by　the　thermal　storage　of　the　ground，　stagnated　in　crawl　spaces

for　long　periods　of　time．　Machiyas　were　cooled　aRd　shaded　by　the　many　thickets　and

utilized　the　2nd　floor　（storereom）　for　a　buffer　space　from　solar　radiation．　Furthermore，

Machiya　utilized　the　temperature　difference　between　summer　and　wiRter，　as　well　as　between

day　and　night．　lt　had　a　buoyant　ventila£ion　system．　ln　this　case，　the　ventilated　air　moved

vertically．　These　are　wisdoms　of　Machiya　which　provided　comfortable　living　in　a　eown　of

high　dwelling　density　in　the　sultry　summer　season．

2－2　From　a　System　to　Remove　Moisture　to　a　System　te　CoRserve　Heat　：

　　　　　Fig．2a　shows　the　thermal　environment　of　a　Minka．　Though　a　Minka　is　cooi　in　summer，

the　room　air　temperature　in　winter　is　almost　eqttal　to　the　outdoor　temperature．

　　　　　When　the　oider　houses　in　Hokkaido　are　heated，　raising　the，　room　air　temperature

except　for　the　rnaiR　room　to　200C　is　difficult．　However，　the　air　temperature　becomes　immedi－

ately　equal　to　the　outdoor　temperature，　like　a　Minka，　if　they　are　not　heated　（See　Fig．2b．）．

This　is　becattse　older　houses　in　Hol〈kaido　are　not　insulated　satisfactorily．　They　were　built

with　a　system　to　remove　mois加re　in　highly　hu面d　climate．　We　have　made　a　lot　of　effort　to

change　building　constructioR　from，　a　system　which　removes　moisture，　to　a　system　which

conserves　heat．　Fig．2c　shows　the　thermal　enviroRment　of　a　recent　insulated　house　in

Hokkaido．　ln　winter，　the　daily　change　of　room　air　temperature　is　smal｝　and　£he　temperature

differeRce　in　the　house　becomes　even，　as　a　whole．　At　the　same　time，　however，　we　have　a　hot

indoor　clirnate，　in　such　a　house，　ln　the　summer　season．　Thus，　ten　years　ago，　we　thought　we

should　revise　our　building　concepts　to　improve　a　hot　indoor　climate．　To　do　this　we　looked

back　to　the　wisdoms　ef　the　ceol　ttMachiya”　in　summer．

2－3　Thermal　EnvironmeRt　ef　E“Machiya”　in　Suirimer　：

　　　　　We　measured　the　thermal　environment　of　several　Machiyas　in　Kyoto　for　six　weeks

during　the　hot　summer．　Fig．3　shows　one　of　them　and　the　temperature　distributioR．　The　air

temperature　at　the　ceiling　level　is　high　and　the　air　temperature　atthe　floor　level　is　iow　and

cool．

　　　　　Fig．4　shows　the　section　of　another　machiya　in　this　the　change　of　air　temperature　and

the　distribution　of　temperature　difference　based　on　the　outdoor　temperature　is　shown．　The

air　temperatures　of　the　crawl　space　and　of　the　first　floor　level　are　iower　than　the　mean

temperature　of　the　outdoors　throughout　the　day．　Fig．5　shows　the　re｝ation　between　the　air

temperature　and　the　outdoor　temperature　from　one　hour　to　the　next．　The　air　temperature

of　the　back　yard璽℃ra　Niwa”is　always　lower　than　that　of亡he　outdoors．1n　addi亡ion　the

transition　of　the　ground　surface　temperature　moves　along　the　horizontal　axis　throughout　the

day．　These　tendencies　do　not　change　iR　the　summer　season．　Fig．6a　shows　the　vertical

distribution　of　temperature，　based　on　the　outdoor　temperature　from　one　hour　to　the　next．

At　night，　the　cool　outdoor　air　flows　into　the　lower　part　of　the　occupant　space　aRd　the　warm

air　flows　out　from　the　higher　part　like　the　highroofed　passage　waジToori　Niwa”．　During

the　day，　moreover，　the　cool　air　stagnates　at　the　first　floor　level．　This　upward　opening

system　for　buoyant　air　circulation　is　the　second　wisdom　of　the　cool　t’Machiya”．　Fig．6b　shows
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the　relation　between　the　time　of　sunshine　and　the　temperature　difference　of　room　air　and

outdoor　air．　The　temperature　differeRce，　iR　the　case　of　the　ground，　becomes　larger　when　it

is　fine　and　hot．　The　ground　crawl　spaces　or　yards　become　the　cooling　source　to　cool　the

occupant　space　of　the　first　floor　during　the　hot　summer．　This　is　the　third　wisdom　of　the　cool

t“

lachiya”・

　　　　　If　there　is　a　warm　wind　over　the　Machiya，　the　cavity　space，　like　the　occupant　space　and

the　yards，　has　two　air　circulations　when　the　ground　temperature　is　lower　than　that　of　the

other　parts．　One　is　the　main　circulated　currents　and　other　is　the　sub　circulated　current　as

shown　in　Fig．7b．　There　is　the　sub　circulated　current　in　the　cool　lower　part　of　stagnant　layer

and　the　main　circulated　current　of　the　upper　part　does　not　directly　come　into　the　stagnant

layer．　Because　of　this　mechanism，　there　is　a　cool　and　soft　breath　of　air　in　the　occupant　space

of　a　Machiya．　Fig．8　shows　the　radiant　temperature．　The　thermal　storage　of　the　cool　ground

of　a　ttUra　Niwa”，ttToori　Niwa”　and　trTsubo　Niwa　（i．e．　inner　yard）”，　as　well　as　the　crawl

space，　makes　a　comfortable　and　cool　zone，　just　as　tke　stagnant　layer　in　the　occupant　spaces．

　　　　　What　js　the　first　wisdom　of　the　cool　Machiya　？　Of　course，it　is　the　closed　style　against

heat　from　the　outside．　The　thick　wa｝ls，　the　heavy　clay　storehouses，　the　storerooms　of　the

2nd　floor，　and　£he　deep　thickets　in　the　yards，　they　have　a　function　as　thermal　insulation　or

a　sunshade　to　cool　iR　a　sultry　climate．
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3．　Application　S加d量es　of　Therma藍亙nsu藍ated　B醍鍍di盤gs　by　Usi難g

　　　重he　Therma藍Co難cep毛s　of　a　ttMach葦ya，，

3－1　lmprovement　of　the　Thermal　EnviroRment　of　Therina｝　IRsulated　ffouses　1

　　　　　Fig．9a）　shows　one　of　the　thermal　insulated　and　air－tightened　houses　in　Hokkaido　aRd

their　thermal　environments．　ln　summer，　the　air　temperature　of　the　majority　of　occupant

spaces　is　higher　than　that　of　the　outdoors，　and　the　changes　of　room　air　temperature　are　large．

In　this　case，　they　have　thermal　insulation　and　thermal　storage　of　their　own　in　their　own　way

manner．

　　　　　However，　the　pattern　of　all　summer　conditions　was　ltot　considered　adequately　to　be

comfortable　iR　the　short　and　hot　surnmer　of　Hokkaido．　One　of　them　is　the　upward　opening

system　for　buoyant　air　circulation　such　as　seen　in　a　Machiya．　Fig．9b）　shows　an　adequately

insulated　case　which　would　be　considered　to　be　comfortable　under　such　summer　conditions．

The　warm　air　is　exhausted　through　the　high　side　openings　and　the　monitoring　for　buoyant

ventilation．　Fureltermore，　the　room　air　temperature　on　the　first　floor　is　low　and　cool．　lts

change　becornes　a　flat　transition，　which　is　influenced　by　the　thermal　storage　of　the　ground．

Fig．10　shows　the　relation　between　the　mean　air　temperature　of　the　main　room　and　the　mean

outdoor　temperature　throughout　the　day．　ln　the　case　of　the　house　as　shown　in　Fig．9b）　its

transitioR　of　room　air　temperature　fRoves　horizontally　throughout　the　year．　ln　this　case，　its

indoor　climate　is　not　cold　iR　wiRter．　and　is　never　hot　in　summer．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’

3－2亙mprove凱ent　o£the㌘herma韮E徽v量roRmeRも。重Office　Roo鵬s　by　Using　Open　Cool霊取g：

　　　　　Most　cooling　equipment　has　been　designed　assumiRg　that　the　building　is　a　closed

system．　Even　if　it　is　cooled，　the　distribution　of　air　temperature　will　be　affected　by　the

remnant　heat　of　people，　lighting，　etc．　and　the　warm　zone　will　always　appear　at　ceiling　level．

When　warm　air　at　ceiling　level　is　exhausted　smoothly　through　high　side　opening　not　only　the

thermal　environment　will　be　improved，　but　a｝so　the　cooling　load　will　be　reduced．　ln　the

Bumerical　analysis，　by　using　the　Successive　lntegraeion　Method’2，　we　attempted　to　divide　a

room　into　three　parts　（upper，middle　and　lower），　and　discuss　the　feasibility　of　open　cooiing．

Fig．11　shows　the　simulatioR　model，　which　is　cooled　by　using　the　floor　cooling＊3．　Fig．12

shows　the　variations　of　room　air　temperature，　the　amount　of　excluded　heat　at　the　cooiing

tower，　the　amount　of　excluded　heat　by　ventiiation　when　the　high　side　opening　is　opened，　as

well　as　those　conditions　when　the　system　is　closed．　Case　A　is　not　cooled　and　opens　the　high

side　opening．　The　room　air　temperatttre　reaches　3eeC　in　the　daytime　so　that　it　is　difficuit　for

the　opening　to　improve　the　thermal　enviroRment　by　itsel£　Case　B　is　cooled　and　closes　the

opening．　The　room　air　temperature　does　not　reach　3eeC，　but　veRtilatioR　wili　be　required　by

aR　other　means．　Case　C　is　cooled　and　opens　the　high　side　opening．　The　thermaHoad

becomes　smalier　than　that　of　Case　B　and　the　ventilation　is　expected　to　be　about　300　m3／h　in

the　daytirne．　The　variation　of　room　air　temperature　is　almost　equal　to　that　of　Case　B．

Case　D　is　cooled　dur三ng　the　night．　Though　the　amo囎t　of　ventilation　becorr｝es　smaller　than

that　of　Case　C　in　the　daytime，　this　open　cooling　is　the　most　economical．
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3－3　lmproveinent　of　the　Therrnal　Environment　of　a　Clear　Canepy　Space　by　esing

　　　Buoyant　Ventilation　through　High　Side　OpeRiRgs　1

　　　　　When　an　arrangement　of　apartment　houses　is　being　planned，　most　arrangements　are

designed　to　utilize　the　advantages　of　southern　exposure，　due　to　the　consideratioR　of　solar

radiatio登in　wi就er　season．　We　will　propose　a　planning　arrangement，　that　the　facades　of　two

apartment　houses　are　confronted　in　pairs　and　tke　space　between　these　two　buildiRgs　is

covered　with　the　clear　glazing　roof＊4．　By　the　tentative　proposal，　we　wi｝1　be　able　to　obtain

a　snow－free　and　unfrozen　courtyard　space　aRd　a　larger　and　more　sunny　garden　than　exists

in　the　present　arrangement，　if　the　proposed　case　has　an　equal　density　condition　te　the　present

case．

　　　　　In　the　numerical　analysis，　we　tried　to　divide　the　clear　canopy　space　into　three　parts

（See　Fig．13．），　and　to　discuss　the　thermal　environmeRt　in　it．　Fig．13　shows　the　simulation

model　of　flat　type　apartment　houses　and　a　clear　canopy　space．

　　　　　Fig．14　shows　the　variation　of　air　temperature　and　the　thermal　load　duriBg　the　coldest

season　in　Sapporo．　The　room　air　temperatures　of　both　residences　are　controiled　at　200C　by

the　central　heatiRg．　The　air　temperature　in　the　clear　canopy　space　is　higher　than　OeC　during

the　night，　because　of　the　heat　from　the　resideRces　and　the　heat　from　the　ground　floor　which

was　heated　by　the　solar　radiation　during　the　daytime．　The　temperature　rises　to　almost　200

C　during　the　day．　Therefore，　the　courtyard　uRder　the　clear　canopy　does　not　freeze　during

the　night　and　can　be　used　to　take　iR　the　sun，　to　enjoy　leisure，　or　to　go　for　a　walk　during　the

daytime．　The　capaciey　of　heating　equipment　for　the　individual　dwe｝lings　becomes　6．7kW．

The　mean　value　£or　the　heating　load　（i．e．　3．8kW）　is　smaller　than　that　of　the　present

arrangement　．

　　　　　Fig．i5　shows　the　variaeion　of　air　temperature　dttriRg　the　hottest　season　in　Sapporo．

Case　A　is　the　calculated　results　without　a　sunshade．　lf　the　high　side　openings　were　opeRed，

the　air　temperature　of　the　clear　canopy　space　becomes　higher　thaR　40eC　when　the　height　of

its　openings　is　small．　Case　B　shows　the　adequate　effect　of　buoyant　ventilation　through　the

larger　height　of　ehe　high　side　openings　and　of　the　awning　covered　on　the　canopy　roof．　ln　this

case，　the　air　tempera加re　of　the　ca盆opy　space，　as　well　as　the　reside簸ces，　will　become　lower
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than　30“C　during　the　hottest　season．

1

2

IO

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　4．　Conc豆usion

．Though　（’Machiya”has　a　closed　style　against　the　heat　from　outside，　the　in貧er　spaces　are

connected　with　a　relatively　ope登flow　between　each　other．　Fundamental　concepts　to玉ive

comfortably　in　the　sultry　summer　are　the　upward　opening　with　buoyant　ve面1ation，　the

thermal　storage　of　the　gro雛nd　to　cool　the　main　occupant　space，　and　a　sunshade　to　keep　out

the　solar　radiation．

．The　building　concepts　and　wisdoms　to　cool”Machiya”，　are　also　useful　for　improving　the
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thermal　environment　of　the　adequately　iRsulated　dwellings　during　the　hot　summer　in

　Hokkaido．

3．　The　indoor　thermal　environment　can　be　improved　more　gently　aRd　confortab｝y　by　a

　combination　of　the　high　side　openings　and　floor　cooling．　lt　is　useful　to　open　the　high　side

openings　to　lower　the　air　temperature　at　cei｝ing　level　in　the　daytime，　as　well　as　at　night

wheR　the　outdoor　temperature　drops．

4　．　lf　the　courtyard　between　the　apartrr｝ent　houses　is　covered　with　a　clear　canopy，　it　becomes

　snow－free　aRd　freeze－free　space　during　the　night　even　in　the　coldest　season．　lf　the　air

conditioning　is　not　adopted　in　summer，　the　larger　height　of　high　side　opening　and　the

awning　oR　the　clear　canopy　are　required．　ln　such　a　case，　the　air　temperature　of　residences

　and　eanopy　space　wlll　be　lower　than　300C　during　the　hottest　season　in　Hokkaido．
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