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1.ｍＴＲＯＤＵＣＩＩＯＮ・

Snowandcoldf白ci1itate血eapplicationofaniceshell,whichpmvidesaqui錘umquebuiltenvhDnmentinsnowy
andcoldIEgions.、eicesheuisd]in,anditssm1cnmlmatexialisicaItisanew0peQficeshuchmsbasedo、
血emodems血ucmmlengjneeringanditcancoveralalgeraIEacon叩aIEdtodleclassicalsnow上icesmm】IEs

suchas‘KamalmIざ，or‘Igloぴ，､Itpmvidesane伍cientamhibecmmlsolutiontoceItainpmblemsind1esnowy
andcoldregionsdmngwime唖

AsdescIibedinapⅡEviouspap釘[1,5],aimjngatdlepmductionoficeshellswihSpansfDm20to30m,which
couldbeusedfbrav日IieWofe雛pedientshelteIs,westaItedd]esmdiesonboUlsmlcmmlsafbWandcomsm1c廿on
med1odofanicesheUatlhebeg麺gofl980's・Concemingtod]esm』cmmlsaf3Wandd1econsm】ction
techni印】ebd]ed]eo[EticalandexpeIimemalstudieshadbeencamedout[1-7]､OndleoUlerside,concemingtod]e
appljcationoficeshell,l0mspansmallicedomeshadbeenpmcticallyusedfbravzmieWoftempomIyshelteIs
“chasawimerstomgeofvegetablesbaf嵐ctmyhousefbrmaldngJapanese“sakeP，andawopidngspaceat山e
basemenLarEafbrJ2ﾘpanObservato[yinU1eSoudl-POle[8]・

TheIEsultsofd1esesmdiespmvide。。]eopportmWnewreXpeTiencedbefb唾toconsm】cticeshellsf.ran

amhitectmalSpaceinTbm2mu,Hold旧aido副ncel997・MaIWiceshellshavebeenusedasleisuIEspacesfbrvisitor
about３momhsineachwim副FandUlesehaveczEatedafhn値stic,beautifillSpacepmvidmgqUiteami卯』ebuilt
envimm腿ntinwinter例.ThldngitsamhitecmalsafもMmoconsidemuon,｡]e副zeof血eseshellsislimitedupto
l5-mSpanfbrdletimebemgHowBve喝exteI函ivebﾉmtezP唾ｄｎｇＵ１ｅＩＥ割】ltsindlePasLalaIgeiceshellwilhSPans
fum20mto30mmgi]tbepossibletol鱈easanE回℃hitechmlsmlch』rc､ButうUleacmalpmoftestofd]elalgeice
shellhadnotbeenexpenq]cedbefbIEexceptd1eEeldexpeIimentof20上mSpanicedomeinl985・Ｂｅｃｍおeofd1e
k腿koflheacmaleXpeIienceso血U]ecomEdenceofitssm1cmmlrdiabiliWtousefbr虹℃hitecmmlfaciliWisnot
enoug血.TheIEfbIgtowBId曲eIEliabiliWofitssm1cmmlsafbWandimpmvEmentofd]econsm】ctionteclmi印】eb
twoEeldsmdiesona20-mspanicedomewilh6.5mmheighthavebeq1caniedoutat山esamesiteofTbm2mdu

mtheyearl999and2000.Thesetest-domeshadshownahighsm】cmaleE5ci印cyconmaIEdwiUld]e位st
test-domecomsmlctedinl985d]atl皿dgeomelIicalandma1enalinu,erfbctionsbec釦』seofunsldlledsnow
blowingoPemmcn

ThispaperdescIibesl)cons肱uctionmed｡odandshucmIalsaf割yoflheiceshel1,2)配centamhitecmlzl
appljcalionsinTbmamuincludingalaIgefBe-Shapeice曲eUand3)Eeldtestof20上mspanicedomeind1eyear
2000．

2.ＣＯＮＳＩＲＵＣｎＯＮｎ皿ＩＨｏＤ

２１０mHim､②

'Kamalqm1'OrmIgloo"iswellknownasaclassical副]owbicesmlcmIEbbutitse函晦d]at｡]esesm1ch】ｪBdonot

havcbo血cons廿uctionmtiomliWandsmJcmmle伍ciencyinU】ecaseofalaｴgespan'Kamalqm‘isaJ8p画]ese
唾diliomlsnowhutwheIEchildIEnplayhouseinShOgatsu,andco唾m1ctedbyscoopingoutd］e団]owfuma
smallsnowmoumain''1gjoo1'isasnowhousefbrlnuitandconsm』ctedbyheapingUpsnowbIocks
hemiSpheIicanyOn血eou1erside,。]eicesheUisconsm】ctedbylhefbllowingmelhodwhichsatisfes
fmdmnem2dlydlefhciliWof輔｡,easy2mdeconomicalconsmction

(1)Building叩｡]e3-dim副]sionalfmmvo【kbyinnalinga2-dimensionalmembranebagcove蝿dwidlmpes
zmChorEdtolhesmow登icefbnnd麺皿
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②CoveIingd]emembmnewilhlhinsnow岩ice曲erbetbyblowinglhemilledsnowwi血aIotaIysnowplowand

spr可mgt8pwaterwi血ahi少p【EssuxEadjustablenozzle・Solidi､ingU1edlin贈yBrsnow岩icesherbetdueto

coolingbycoldoutsideail；

(3)REpeaUngdleapplicationofsnowandwater叩toUledesirEdshell曲iclmess・Thenmovinglhebagand
mpesfbrIEuse．

(4)Ifd1einsidelig1tsu伍ciemnymnsmits曲ml嶋hdlecon叩letedshell,itisjUd瞳edthesheUhaveagood叩aliW

along｡]emPes,bringnotonlyd]emmvem匂1tofsdrucmrale缶ciqmcybutalsod]egeome位icalbeaubﾉatd1e
inside罰nrfn唾＝

２３ＳｎｏｗＢＩ⑪ｗｉｎｇａｎｄＷ園terSpmying

lnoIdertopmduce印』iddyamgh印』aliWoficeonUlemenl〕画､e,somespecialdevices麺BneededSnowis

blownomod]ememmnebyamtaIysmowplowand画pwaterSpIayedonlhesnowbyahighPpressuIB

adjustablenozzle,Thesmowiscalled側milledsnow'↑whichhasasmngbondlikeace庇mic.Ａsnow燈iceshegbet

pmducedonU1ememmbⅡane,isfuzenhaIdsometimelaterunderU]eairtempeIamre-10fCbeIowItisnecessaⅡy

duringoneblowingopemUontokeep曲emilledsnowdepdltobelessdlanabｏｕｔｌｃｍＵ】iclmesaOd]eIwiseb

whenwzterissp配we｡,on1yUlesnowsuIfhcesOlidi6ﾉand｡]ememb【anecamotholdd]efb[mbecも咽seof

e砿cessIveweightWhjchcauseImjenalandgeome耐calhnperfbcdonsaspBviouslyIEpo[ted[6].、]esmow燈ice

sherbetsoli唖ｅｓｍｏ唾qujcldyd]anonlywaherbecauseof曲elowlaｶentheaLandUleiceseenEtobemo[ｅ

血Ctile・Itnom画Ilytakesl・shourtoa廿ａｉｎｌｃｍＵ]idmess・ＷｈｅｎU]eiced]idmessIEaEhesaceItainvaluebdleice､

itseIfcan副J卯o[tdleweightofanewsnow陰icesherbetl6WeriI晦teadofU1einna$edmembmne､TheIEfbr目｡]ｅ

membranedoesnotneedahighp唾ssmEandd]efbrmwodKincludingd1ef.undEtionisli8jltandlowcostmhe

applicalionofsnowandwateraIcIEpeated叩todledesiIEdsheud]iclmessbwhichisnonna1bﾉaboutl/l00dlof

d]espan．

3.SIRUCrURALSAFETY

ThesnEmghofanicesheIlissuGEcientfbrsomegivenloadsoverashmtpeziod[1]・Howe唾asd1esmowらice

cIcePs,itisimPortanttoinyestigaｶedlecIEepbehayiorofanicesheUwhichwilleXpe[ienceloadsfbralongtime・

so,eKpeIimentscnicedomeswilh60上cｍ[2],2-ｍ[3],5-ｍ[5]Spanslmderlongbemnloa血ngbandU]eax

sWmme位iccmepbucldjnganalysisoficedomes[4],ｗｅ1℃coI1ductedtogdherwidld]ｅｂｅｆ伽gof

investigationsond1esmcmIalsadも呼EmerimemalcIEepOestsofl０ｍ[5],15-ｍ[7]and20上、[6]叩anmodel，
whichweIBcomsm腿tedbasedonUlepmscribedmed1od,werecaniedoutcaｴ巳ｆｍｙｍ]eimpo【tantIEsultofd]ese

testsconfiImeddlatd1eice曲ellsslowbﾉpm血cealaIgecIBepdefbmqationbefb【巳睡collapse､Itindicatesalso

d]at｡]ecollapsedoesnotoccurabmptly;and｡]atisenoughtimetopIEdictd]edangerofdlecoll2pse・T1misducti】e
behaviormakes山el鱈eofice曲ellspossiblefbramhjtecmIalslmcmIEsL
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4.ＲＥＣＥＮＴＡＰＰＬＩＣＡｒｌＯＮ

Ｂａｓｅｄｏｎｔｈｅｐｌｅsclibedinvestigations,andbecauseofbothlheeasycons廿uctiontechniqueandlhehigh
dulabili暁fbuowingsbructureshavebeencons(mctedoverthepastdecade;lO-mspansmallicedomeshavebeen
practicallyusedfbravaｴieWoftempoIalyshelterssuchasawinterstorageofvegetables,afhctoIyhousefbr

錘-奪回牙もF蕊』そ轟盃毒3『一、

動h

｡溺繋
晒題千一

蟻』

班9.11CeSheIlsinIbmamu(1998-1999Ｗintel）

makingJapanesei1sake'１，anexhibitionhallfbrawinter企stivalandawolkingspaceatlhebasemenfaIeafbr
JapanObservatoIyintheSoulhPole・ThisexpeIienceprovidedtheopportuniWtoconsmlctsincel997icesheus
fbranamhitectuIalSpacein'IbmamuasseeninFig.'.'Ihedesiglandconsmlctionplocessesofalaｪgefee-sh2pe
icesheu,whichwasneverdonebefbre,韮describedinthepictuIesfbnowin9.
4.1Free-ShapeIceShen

ItiseasytosetUpa3-dimensionalfbImwolkconsistingofa2-dimensionalmembIanebagandacoveringnetうas
pIBviouS1ymentionedinsection“2.2FeatulBofPneumaticFoｍｆ，､Thusitispossibletoconshucta丘ee-Shape
sheⅡ,whichhasboths皿ctumlIationalilyandaItisticbeautymleSheuhasacomma-shapedhelaldicplanwilh
thesameareaasthecircleofl5mdiameteI:Fig2showsthesituationofmeasuling3-dimensionalcoordinates
onthesulflceofl/20-sc21edmodelconsistedofavinyl-memblaneandafishing-net､Thedatawereusedfbrthe

EHg2MeasulinggeometrylαOscaledmodel ]EYg3Fonnworkfbrh計ee-shapeshell
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砥9.4AppIicationofsnowandwater
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●

5.ＦｍＹ』ＤＩＥＳＴＯＦ２０－ＭＳＲＡＮＩＣＥＤＯＭＥ

ＡｌａｌgeiceShenwilhspans丘om20mto30mmightbepossibletouseasanamhitecturalshucture,HoweveI3

theactualplooftestofthelalgeiceShellhadnotbeenexpeIiencedbefbreexceptlhefieldeXpeIimentof20-m

spanicedomeinl985[6].Becauseofthelackoflheactu創Iexpenenceso血theconEdenceofitsshuctulal

ldiabiliWtouse允rarchitectuIalflciliwisnotenougjl.'IherefbIB,towaｴdlhereliabilityofitssimctu【a1safewand

lmpIovementoftheconsbructionteChnique,twoEeldstudiesona20-mspanicedomewith65minheighthave

beencamiedoutatthesamesiteofTbmamuintheyearl999and2000､Thesetesfdomeshadshownahigh

stmctuIale伍ciencycompaIedwilhtheErsttest-domecons住uctedinl9851hathadgeomehicalandmaterial

impe企ctionsbecauseofunskilledsnowblowingopemtion､Heredesclibeslheconstructionandcreeptestoぞthe
year2000，test‐doｍｅ,andconcludes,1hatthelealizaljionof･２０Ｌｍｓｐａｎｉｃｅｄｏｍｅｉｓｐｏｓｓｉｂｌｅｔｏｕｓｅａｓａｎ

画一

■

]EY9.6]msidefbrmaldngice-glass Ⅲ9.7EXteriorView

FiniteElementStructuIalAnalysisundergmaviWload,anditcoliEImedlhattheconshuctionoftheshellwoUldbe

possiblebecauselhemaximumcompressionsbnesswaslessthan９．８Ｎ/cm2、Fig.３Showsthefml-scaled

pneumaticfbImwoIkatthesite.Themaximumheighthasabout4､５，.ThefbrmwoIkconsistsofaWC・

membIaneandlOmmdiameterPoIyplOpylenempeswhicharelaidorihogonalontheplanepIOjection・Fig.４

showsthesnowbeingblownbyarotalysnowplowandtapwaterspr2yedbyanadjustableno泣le,ontolhe

fblmwolk､Astheresultoflhisoperation,asnow-icesherbetisproducedondlefbnnwoIkanditisfozenhaId

sometimelaterunderairtemperatuIesbelow-lOoCandtheradiationheatlossovernigjltlnordertoavoid

materialimperfbctions,1hemiuedsnowdepthperoneblowingopelationislessthanlcm・Ittook１．５hourtoget

lcmthiclmessicethmughthismelhod・The2pplicationofsnowandwateralerepeateduntill5cmlhiClmessis

attainedonaveIage､ThepneumaticfbmlwolkisdeflatedafterthatぅpIoducingabeautifhlhalf杜anSparentintemal

SpacecoveredbyathinFcurvedwallwithlibsti症､ers,asshowninFig､5.Theinsidespacewasusedasa

manuf嵐cturingloomwhelevisitorcanmakeanice-glassmmaniceblock,asshowninFig､6.Fig.7Showsthe

exteriorviewwhenmuminatedfomlheinside・ItisjudgedthatlhecompletedshellhasagoodqUaliiyofice．
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画９．９０utsidetemperatuneImderconstmction画9.8Ail箔mnatedmembraneasfbrmwoIk通９．９０utsidetemperatureImderconstruction

adjustablenozzleswiththemaximumspmyingdistanceofl5mandthetotalsplaymgamountof60nttem/minute

Fig.９ShowstheoutsideairtempelatuIeduringtheapplhcationofsnow
andwateE

ThecompleteddomewasassumedtohavelO40cmmdiusofculvatuuFe

andl720cmbasediameterbasedUponthemeasuIementofthecenbnal

heightandtheinnerdiameteratlhebase、FiglOshowsthesheu

thicknessatthemajorpoints,andthedistributionwasfaiI1yscattered
becauselhemzenStymfbamstickswithscalewerenotusefillfbr

readingtheshen1hiCknessunderconsmction・Thedesignedsheu

thiclmesswasl5cmatthetOp,１７．５ｃｍatthemiddlepartand20cmat
thebottom,buttheresulfshowed１２．５ｃｍ，１７．９ｃｍａｎｄ１８．４ｃｍiｎ

avemgerespectivelyThelhiclmesswascompalativelylhinatthe

bottombecauseofthesteepslOpe､Ittook2hounstogetlcmlhiclmess
inlhisconstructionbecauseitneeded36homsintotaltoattainlhe

averagethiclmessl7.9cmasshowninFig9andlO．
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温
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画9.10IcethicImess(C､）

』

２国○

alchitectuIalsbructulBduIingwinterinHokkaido、

TheconsmctionplocessisbrieaydescribedasfbⅡCWS・Afterthecompletionofthesnow-icefbundationthathad

aboutl7mininnerdiamete喝９０cmindepthandlminwiddl,ａＲＶＣ､membranebagcoveIedbyanetぅwas
inflatedasshowninFig8､Then,themilledsnowwascarefmlyblownontothemembranebyarotaｪysnowplow
withthemaximumthIowingdistanceof22m,andtapwaterwascontinuouslyspmyedonthesnowby6
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碗9.12CompalisonbetweenOO,and85,ｄｏｍｅ Ｆｉｇ､１３LargedefbrmationonsetcO]lapse

21verticaldisplacementsand5tempelamreswereautomaticallymeasuIEdmmFebrualyl21htoMamh27th・

Fig.１１showslhecenなalpointsofdisplacemenmmecuIvesduringtheWholeperiod,InlhisFig.,themost

noteworthypointisthatthedefblmation丘omMarch41hto61hdramaticallyincIeasedbecauseicetemperatures

constantlykeptO℃inthisperiodbecauseofwaImairandshongsunlightatlhebeginningofSpling､HoweveE
otherpeIiods,theshuctuIalbehaviorwasstationalyandthecentr31pointsofaveIagecreepdisplacementwas

2､5,-8.0ｍｍ/dayBHg・l2showsthe2000'domehadahigjlshuctuIaleEficiencycomparedwiththel985'dome

lhathadgeome位icalandmatelialimperfbctions[6].Aftertheautomaticmeasurementぅtheshuctulalbehavior

wasobservedbyeyeUptothecoUapse.'IhecollapseoccunEdonApIil41hafteralaｴgedefbImalionasshownin
Fig,13.

6.CONCLUSION

SnowhasbeennoImauyconsideredtobeanuisanceinlhesnowyandcold噂ons・Howevenasshowninlhis

pape喝snowbecomesausefillsimctuIalmaterialfbrlheconshuctionoflheiceshen,whichcmatesafhntastic，

beautifUlSpaceplovidingquiteauniquebuiltenviIonmentinwinteI:IcesheⅡprovidesane伍cienta[chitectural

solutiontocertainprOblemsinthesnowyandcoldregions・TheIefbre,snowmaybesaidtobeavaluablepresent
fomtheslqA
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