


IWluguzdaaneahalunuaniinenssu 49 A.A.2010-2021
Bamboo as construction materials in architecture
from 2010 to 2021
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Abstract

This paper is a review article that present the international study of issues related to
international architecture using bamboo as a construction material. The objectives are to
grouping content issues and finding study gaps. The empirical data searched through the
international database was used to discover 88 articles during 2010 to 2021 which divided into
4 groups as follows: (1) use of bamboo as an alternative material in architectural construction,
(2) use of bamboo as a main material in architectural construction, (3) use of bamboo as an
structural material in architecture and joints and (4) use of bamboo as a local construction
material in livelihoods and culture. The result found that the study contents related to the
broader views in which architecture surrounded in many dimensions such as environment
dimension, resource dimension, economic dimension, housing dimension, industrial dimension,
and tourism dimension. At the same time, narrower view illustrated specific aspects that occurred
with the architecture such as strength dimensions, usable dimension, aesthetic dimension,
design and construction dimension, local wisdom technique dimension, and cultural way of
life dimension. As a result of these different issues, there are remaining gaps in study content
which lead to questions to be asked in many aspects from the physical architecture such as
design and construction error, building codes, building maintenance, post occupancy evaluation
(POE), life cycle assessment (LCA), and the psychological responsive usage such as wisdom
living perception, perception assessment, creating a positive experience.The observation revealed
that the studies area and the number of articles published were related to regions with

abundance of local bamboo resources.

Keywords: contemporary bamboo architecture, bamboo architecture, bamboo as construction

materials, sustainable material, systematic review
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Janssen MaBuiadeluszdulSygendes Bamboo in building structure uaglud a.#.1991
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SDG 1 wiamNENNIUNNIULUL (no poverty) SDG 7 Fusesmsimdsnuiinaudnfils iWede
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Andry Widyowijatnoko, Kent A. Harries, Edwin Zea Escamilla, Sebastian Kaminski, David Trujillo
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Y0uziidedes The study on application of barmnboo in building envelope ng Huang
(2019) SnviTusewin a A 2013-2018 Tinguszasdfemsundosdmmuiannislils Wduariuau
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N13LWIAR Vitruvian Concepts of Architecture Tu 3 Uszn13 Ao A (firmitas/durability/
firmness) ANEI89U (venustas/beauty) wag n5lduselavy (utilitas/utility/functionality) 31n
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dansnnguaudiusoondu 4 ngu léud mnusuamduss (esistance) Uselemildans (use)
ANEEY (beauty) wazaudsEy (sustainability) S‘a’fqﬁ‘ﬁal,l,mﬂﬁmmﬂgmawm Huang (2019)
Tuwdvesamilnenssuiiainenuen lnoasfisnufnfideslesfuliianueinau ndnie an1dnenssy
AdliduTanlunsudlaiogmissugia TuwivesmauaznisieasisieTansssumaluiesdutu
aansanoUaLesamNITLAT AMEIBY uaznsiUsHlenlludaaTinldseruiu whazey
TugUuuuresantnenssuiiuiudotiogerderuadnlussiuniafeu

oghdlsfnunmstanguanuduiusyes Lara & Espinosa (2018) l#tlifudeni
ddnyeamsensedv n lugusTagroairsiiadsyadinliiuandnenssy anmenssuaudy
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gaze (Urry & Larsen, 2011) Bsdsnalifanilmenssuililiduiandoasrsnatafugnsjmneves
tivleailen (tourist destination) 11niu (Mertens, 2019) Fausnglidivlunsinuanilnenssy
Inswaievedulafide
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Tuvngiithuiiaesnelildumsiigaiudrindimmudandusousssiuiulnganan denaliniaiy
wanfunguneamsTaeillidutanteatdlundudssmmeininld Guanlaaemdslud a.m 2001
w3 Wl A.A.2012 uaztonnaeslul A.m.2017 Auddu (Witte, 2019) Tuvhusadeafumuideie
mMsWunfiegordelunoaniin Iihiaueussiiunslildlumsnoadsiiogendeliiummuauy
Buil wasdlifiuhnisidenldliieuiymnisnaueauiegordodu fanummnzauiasais
audienelaliiugiay dudifdadTamedinn 1aswghio uazmwdsdy (Ham & Shroyer, 1993)
mu’ié’faﬁlﬂuﬁmL’éuﬁuiumsLLamaaﬂﬁamsaau%ﬁmuﬁsiuLLazﬁﬂwn'lﬂ%‘lm”l,uﬂssmﬂﬁﬂé“ﬂﬁmm
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TnAuveNeNILDR eiﬂmaiﬁﬁm%ﬂwmﬁuqﬂ%ﬂuﬁuﬁ (Garcia-Saenze, 2012) lngiangluwives
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Aamsimuuaziuglasediefiugiuredsaion msUiugeunenlsadouiifiegie Tagade
Tnddufidunuiiinnnd WewdsuidfleuiunisneaseraslmidaeTansunusih (Akindele, 2012)
feduliFadutanmadenvildunisanfunusingm TasenuideiFes Comparison of bamboo
and conventional building materials for low-cost classroom construction in Isarun, Nigeria
wansliiitudn evmnsideuiineadradel fsunustemielumsneairefishnitermsSeuiinoadns
meTanneau 94 40.76% (Adetunji, Moyanga & Bayegun, 2015) wanand wuh Snstildan
Tnudtoutludymnentantoaiugnamnssufiginirfaneaiiswissiu filunsosnuuuimund
0ej01fELAY1ANIANS ULV ITITL NaM LA Hgnineunduas lFTuewauleluduludiReades
fuaantinensswedlaitien feidundngruidaUssdnsiiuandsiiui W Dutasmilsiidunumdonis
Butanmadenlufiimaasugiia wagmslivineinsiesdussnadurvesnguussmearidaiam
dumsilaadenundunsinuniiivssiudonlndidesiuly Sude wie Adnduaiinslill
Wutanlunisudladymiiegende luvaed dUTud wih snade Sulaiide wunstiliduludie
nouingUIzasimssnunIanaudsmneesiiinedanvnnisaiuiuiulm vidousinsgimng
nouwilevesszmalng fimhonuiinisinuifeiiieades Ao mheuinnssuiiensesniuy
andnonssuanlias Tanvioady auzandnenssumans wninendeideds Tnenszuiunis
Anwlimadnsihaulalunansudyy wildludufeuumenisesnuuuuasdeasrsflegordede
idwsufusraudte Wedusuwuvantinenssuiifarumngauivanmituiifidesionisiin
wiumilyusnamsuuauiiRedeiuussmaiiouty
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2. M3kl dutanuanlumsneassaandnenssy (Fwau 30 unaw)

mafneludssiuidulvgduludosnssiunslfouliluandnenssufieduayuuinin
Sagsssuvanidulinstuianadon Yagdenr arudetu Teethliuldnunuiuguanaudids
menwitdaliniunsuusgl wasauantRdnasmumiudamey sudsmnudusiineuausade
mseenuuukazneadvaadnenssy Tasanansadwunmudnuanisneasauaznislifoulddu
2 dnwaiy Ao

2.1 aondnensaudifiniseainen1ns wuannlumsAnuifedestunaiauieiens
asnsay mmAtelunguilfinwaneimsineaiinata Welfidunsdineiluiifivne wu wede
nsieasns Yaniden msszuiemmieu msvieaiienluids eco-tourism Wy dunsnudiu
qunssaludfnistesunssufunquilesaimeandnensaudu Susnglidutdums
Anweiladulaiife snfegratiuunauiBes The potential of bamboo as building material
in organic shaped buildings (Nurdiah, 2016) LLam’LﬁLﬁuﬁqﬁ’ﬂaJmw*naﬂﬂumsﬁmﬁugﬂmq
Sasziifsgamuanla Uwﬁugm@mauﬁamﬂmamwmmﬂuéwan @mamﬁammmaﬁuﬂwﬁu
\i999E13 Bambu Tali (Gigantochloa Apus) a@unsadn iseldssamemaiianisldninusounazldly
ey (Dunkelberg, 1985) safsnnautinmuduveuiinusgneuiuliAndulnsaiiomn
Faninefianansasesdusuuauldiiudy (Maurina & Henatta, 2014) ﬂwlﬂajmsﬁﬂmﬁlﬁm%aﬁu
fiuormslunisadrsuszaunisaidouan nuldlunsinuiiertostunisuaatinenssu Tu
ngumavieaiivaaineassd mefnwidedleduiftdmulinntn lneangluomsiideatos
fuan1dun1siing

MsfnwINIUNSEANYL donAdesiUTol@uevas Van der Lugt, Van der Dobbelsteen
& Janssen (2006) TuunALIEBd An environmental, economic and practical assessment of
bamboo as a building material for supporting structures Laz91UITBE0T Design Interventions
for stimulating bamboo commercialization; Dutch design meets bamboo as a replicable
model dnidulAtausturiuamianisAnwilisuiisuniueinsninuaiasuinnine a1 sid
v <& . . P J egf = [ ° 1 v
anwagdins1a (temporary building) Leswneimsmariuansdennudululalunisuialdanld
Jutananndnenssu luvamidieniuinideliaueuuzssinunisnuizonwsiinueseins (life

LY = Ay

cycle assessment (LCA)) 891 UULI29M909N15N1IMTIEADU

uennil Ssmulssiudosmmuuduswesanalifidmaromsdaviensidee fudoules
fednvazuasgunssantnenssubillunguussmaaziuondni figunssouirmsdunsan o
eruilenlunsldlivuufiug vunaaudRivesiluana Guadua fdeunnsrsananilnenssunia
Haede leienzluduladidefifigunsdaszannnin uladedudonnanmetuduazimaianis
dinlel Fslundame@edenlilihdnuaslisingu sududvsnalunuilionienuinanssy aunsa
wuiuandnenssufitiduanssoudosldlunuesanuiniiiiieides wu Wan Wen Chih (Taiwan),
Kengo Kuma (Japan), Shigeru Ban (Japan), Vo Trong Nehia (Vietnam) tJugu

a ) o o a
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2.2 anilnenssufilunimaaes (Msneadretanst) msdnulusumaiinuannly
aovunsanylunsiaudslfURnng (participatory action research) vesiin@nw 919156 919
WASTHTY LU 91UUINTIVINTSVO9 School of architecture of Southeast University, China Tu
G ea 0 Application of bamboo in a design build course: Lianhuadang farm project (Jiao
& Tang, 2019) lunsieslesituiflos Dingshu, Yixing Fufuilesididedsmaduinanssuly
mAngTusenvesdu ysnnsounisaeuvemdngns Tnetliifudssfureanaiamsioadned
Tguaninsardseynaniun1seaniuurasindny ddnuaradnendiaiuanuves Department of
architecture, Petra Christian University, Indonesia 5218l Department of Architecture, Universitas
Katolik Parahyangan, Bandung, Indonesia Fomaesantuiufiondde i lunstundeunistou
msaoutarmaihausniugsilumaneUssnu lidesdunistneenuduldldvesdnuaegn
Iﬂ'ﬁﬁa%waﬁl%‘lm"lugmmu Adaptive bamboo structure, deployable structure #395ILHINITHRAILN
lugs¥uu Modular system uag Prefabrication system Tunuvesaniunmsanwanilaniade

Tusertumilunduillilfifetuameiuiinidoglummuumyindy luwsiufides
DE19U School of architecture, the Chinese University of Hong Kong (CUHK) fin1seaniuunas
WarlUsian Zcb bamboo pavilion dufiunsidewes Crolla (2017) (Feamdl 7) Tidiuiremilile
fumnmsvhidsuvesidlugesnsiiidamsgmeiiu aunsaveneraluguinnssumstoasase
Tlsfoenals Tasmslilusunsureufiumesiduiaiesiolumsaiuuusiassdeyaeins (building
information modelling) saEsnsfuameidnduuudealnl cAdedlamedodiaaseiin
daviarluity anansovhanldesnsdiussaninmlumstanistuarliuiueuvesansssumale
ogdls safmsanaudiuazanungueielussnintenisnoadaiu fedunagnsivinlfnsly
nudarledlldudgnuafvidu widsansoasdendlml 4 lunsvhaouiinhouldsnde

Amdl 7 mseenuuuman Zcb bamboo tne School of architecture, the Chinese University of Hong Kong
#un: Crolla (2017)
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wenani msveslemalumsiiuuusrassitnea (digital modeling) wuldluaumis
@1 3D Printing architecture Mfunsiauaizmaliifunisinuandnenssuld 1uddeiiin
Funeld Airlab wos University of technology and desien, Singapore lngaaNLUULAZNAGDY
fioa19 Sombra verde urban shelter (fsamidl 8) Fudumadenlifansssumdosndld $aufu
welulaBmsusudasie (3D-printed connectors) sunuusaes@enns umsn (parametric models)
(Banon & Raspall, 2020) WnauasAnmnuvieuveskilunmsvaunutanidarunuvieudu 4 wu
viewén viewanafin vieszgiiflen {Wudu wuin fauaeandeiungud Bamboo substitutive
994 Widyowijatnoko & Harries (2020) #ailanuieadasiungumsinudesielungu 3 deduns
veUszmInuh ﬂ?jmﬁ'L‘T;Jumﬁmaaaﬁf’uL‘T;IumsﬁwmwuaQﬁﬂﬁﬂméwﬁ’ummiémﬂwﬁwmﬁsu;m 9
finszvaumshanegadutuseu suddimsiufionaediaduszuy Swasudenameunsng
sluguiuuunanu nudnvasfitandainngunseenuuuaningnssuansiuluiinisihey
o3 anUiin Iens Pegieaing Fsmameunsantnensudniluajeglugunuunisussandiniug
waruEuiuled fdunafunundoyaniheu vietufindymlusswinmsdeadne ety
dmamsunsludnunsdadrmaiuidesiios dwalvimafnuussdusig 4 dulvgTafntunds
Mnfiemamddunoanata Iuﬁwumlﬁmﬁ’uaﬁuif{l’aumhuiuﬂa:uﬁé’wwmmil,%amimﬁﬂﬂzgm
Tui30309 Design and construction error fiifnanYansssuwi Fomndeyafiugruduiisiuaui
iReameuazgnineuns tietliiiugaseunasdaymlusswiemstoadng asamnsoilugnisiam
Tutssfunsdnnisnisteasseassgliléunndetu uilinslinuaiivansesefimanganiiy
msthaldeluaninenssy egdlsiinnu nsvhanuiuiagsssunfdeniidedin saufenisuily
Hammihauilamgiagasnnnitiangnamnssy

AW 8 MsUszneuTudiuzedlasiis Sombra Verde Ussmadaalus
i Banon & Raspall (2020)
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3. Nkl dutaniassadansanidnenssuuazdanie (bamboo structure and joints)
(@mu 31 unanw)

wwIINsAneTluUTEIAY Structure and joints exploration ﬁLﬂuﬂﬂiﬁﬂmﬁwuuﬂﬂﬁZ‘jﬂ
fedenadasiunuAniiuges Maslucha, et al, (2020) dnwairiifiaruanzazadulssdud
weuasn Wy AnuasnIalumsiuuswedlanaeillili nadanisUssneutonsl sisfiuannle
wUs3U (engineered bamboo) uaglifunusssus@ (round raw bamboo) wusgaelaidu 2 ngu
fio nsnululdvilasadnassameng q uasmsfinunssuutortell Tnsaanduiiingussasd
vuitugunsWliienaunulassaddlioss nedlmiudsdetuaranudulldvediaunsoney
auparanIULdmsslunisyinlassasna Lﬁ@lﬁﬁuﬁaﬂqﬁmuwau fio 3-4 U (Awoyera & Adesina,
2017) uenanilufinuantAdsnalndidesiulsl uiannsaugnuaunuldlussesnanitdundi
fmmeiunysrasiuazaeuiiitandaduniilsl (Tahmasebinia, et al, 2021) Usznoufuamauding
Frunssuussesialiusnaiuuenantu anunsafuussisldfis 40 kN/cm?2 (400 N/mm? = 400
MPa) FasialndiAeaituimdn (Minke, 2016) usflilasilnuautRidenailndiAssiulsunn oels
fAmu mavhauiuaaaudinanesmanudugien $de (node) TUded (intemode) wazaAy
HureunmmesdleiuliliiFesie auvimediendiaalunisilduldidutandeasrs fe ns
sonuuutasefiiimadewussiaualulassaddldenediszananm dafuinifoaeviiu fao
wenewiaznuuamslumsidensornududwedkidhieiu sudnidungunisinunilifedes
fuderouaznsdodeslilumanssuuuy annsautnsfnuldsed

3.1 m3fnwlilugugFanilivinosduszneuvedlassaiaszinnsne  mnduunaiu
noeflassaiameanlnenssy nudnuaglaseasne 2 JULUU Aie Skeleton structure (panel truss,
3D truss, portal frame) wag Surface structure (shell, grid shell geodesic dome, hyperbolic
paraboloid) Ingszuuleseasrananifnnudonlesduiusiugunsedumnglunuantnensals
Tungu 2 luvafluummamsineutsesndu msfnwrdueasnsdl@ing uay msvaaestudiu
Tnssasns uonanUsziiunsAnuiifeidestuniseonuuuaninenssulnensaudy dlussiiu
vsdhuidenlssiumansaseuimnssulasaiuuay Yag ﬁy’ﬂuﬁamiwﬂaauﬁﬂé’ﬁaﬂ WU U999
WsIR wsaRe usadou usdlieniy wazaudaney Wil wasliinsnsiadeunIsTunsInInT Iy
vassruulnseaing ienseidieudieuusinssyhiiintu iuedesdle (platform software) 1
SAP, Revit, Rhino, Grasshopper sy

nsfinuliiuyssu (engineered bamboo) ttetiulfitutaglassasrady Wuuuims
m93degUnuUvildlungy Structure exploration dsinausliiudsanniiluléinlsiwsgu anansa
thunlivhlassaaoninenssuldognls mndoundulufiduunanulunisutaingumsfinues
Huang (2019) lusgduidn (micro level) wnlsinangasouresmsifefiAsidestuliuuszin
vnsdlenagdiliaenndestumsthluliiiulasiairménveseinns 1esnmsidednilugjey
Tudunounismaaes JagtuflenAdeihir Bamboo scrimber (eidaiuviow Tuiufudnlaseads
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WU Grid shell (Fsnmifl 9 (Model 1-3)) 4oléU3sunes Bamboo scrimber fio n1s¥uusanszans
fashiauonaeaiaiou aunsnanilymides Standardize TuBstangnamnssld wanisvanos
wud lassadeiananausvaudamlunissuussanfisnnseyidnudng Mldannisiewdes sway)
sulunaunanaruanmnsalunisiumunisse (flexural) wazusudeou (shear) ¥ad Bamboo
scrimber Hutiosnidliiv Thiseaausuumenisuidam Mmensasusdadaseasndli
W Arch truss frame wasiaSusen138ass (bracing) Tasaisuliusaslnsadndaeiu (Fanmd 9
(new model) msnuniffeidutoaiuayululssiiuiti dlimusssumndauannsalumsiu
sunsslsluaniinenssuléind Bamboo scrimber deustingnil Ao anvsiwilussuulaseadng
yeaandnenssuliiswalitlugfinnedoaawd Sedonldleasadediuanddnanmmsiuuswes
SlinusTsunAunndiliulsgu (engineered bamboo) Tuvauedinisldemiliussuiu wuly
SnvazvesagusznouninavieTanlinfa (inishing material) Tasfinuursdndlunguil 16ims
W8U8NN138198¢ Standard or building code wnlfdmiunsiageudnsgiuiaglunisneasn
wihAmnasguresensli axiidermuaiiumndeiuluuiosussma Jagtudminsgiutanues
lusesiuanna Wnsshadadeuwinlifideudsunasmumnasgiu 150 2004 Fautsdeseanii 3
n&al Ae (1) 1ISO 22156: Bamboo-structural design (atufdsiamun 2021-2022) (2) 1O 22157-1
Bamboo - determination of physical and mechanical properties (aduU5uuse 2019) (3) ISO
22157-2 a laboratory manual for determining material properties (atuu3uuse 2019) WU
uagUszmeiuinsgiadsdnasguiiuandsiu

3.2 nsfnwszuutesovesdilil (bamboo joints system) nsideusadliidndetu
foduledeiiddnlussuulasadsantnenssuld iosndess Goint) iwmthiindnie diouse
nnlrgmisludsinenania i']zumﬁdamaﬂiwuﬁumsﬂizaﬂsﬂfﬁﬁﬂﬁL‘T;Ju*?aﬂfiaa%ﬁm?u Usgihu
wdnnndnvazaduiounals uaznisdlnfiune dwaldnisimulassadisuasdosasiis N
fianuenidledeadoudedlivansddndeiu uuﬂammm‘vmﬂmﬂmmmamqmuﬁuam VU
gwumsaammuLLaz‘w@,Juwamawmuﬁamuﬂﬂmﬂuamﬂmaﬂiiaﬂ,maia aghalsfnululagiu
wuilnsanwiieatudereveddasiassldatelnduinninmsinmdenevedasadnensin
(Hong, et al, 2019) sfefuiuiifisudalomalumsfinyiifvogivuiu wmnsnisinudedte
Himundendeiumsinmmeiiulassadis nande 1935AnwInenAsnsaifneLaziens
Neaesa LA vauanansluswavBaUUsTIAY WU MsAnwdereaansanuldlunae
sestu dudiFvesamilnenssuitufuiiameluladseduans sufderalifiAnanmaluladseitugs
9819 3D-printed connectors Tururesdantunsanei AirLAB, Singapore ez Digital building
technology, Zurich, Switzerland faidunsanudeselilugunuunissrasasnsunsn Fadu
foatfuayunidumsantymemiundeunasiansssuni warsUuuumsinwmegludnuaes
Research Lab ngldnisvinnusiuiuvesindnwinagenansd
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Grid shell Experimental Prototype Arch truss frame

Model 1 Model 2 Model 3 New model

= > . 4 o %
299 9 NMsneaesld Bamboo scrimber tievhlassadwaadnanssy

fan: Tahmasebinia, et al. (2021)

°

4. mslibiduianviesdiulunseadefiodendeluititin w9 unanw)

msfnwiietliiuiinavetiiiiedetonlosiuittinnsedorde uasTausssy

'
a

nsfeas Tuudyy “Jagviesdu” 71 “mite Wades” Fuwid e duwasseenianuduiiy

q
a a

ouunUszasdimiuly wiapdulalufuiislsvaew Tuvaeiidri Mades wansdeTanluiiuii
gonndensthinlfoluTinusedtu duedesdioosnade wu fia wih & v Wudu Tae
msfnylunguililfjatufissguuuunisuanseonveslilugiug Sandeasisantinenssuituiu
whilu widomnesamfemameliiiiiedens (traditional construction skills) fduneariu
auluaseunsinnsudiy sudadugdlyeylunsneasuarg iy lunisedends Fidsuali
\Andnuaziamzvesiiogendovemnaunaiugluusiazgiiniamlan sndhegnsranululszmelne
wu aninenssuiuduilliiduesdusznouluniai 4 Tas aula fudn Sowedasyn lns iaue
fawns anrdnenssuatounlili T 323 anddes ibudu Vssifumdddlidui 16 ildimihg
Jutagusznovaidluanidnenssudaiuvindu uidusslufmensfueosedoans fuansds
Aruadiassdvesnaliauaziinislunisdeadns sufimaormseniinevausseaniniiuiii
wanssfureanguyAnuglaiduogned

msfinulunguid wud mameininanudunrsdnguiuiediendonteudivutiums
Anwannaudy 4 Tnesiusziiuilifedestuifidedinuuas Sausssuvesnisnoainsiiogerdese
5aﬂﬁaﬂ5uaﬂ’mm 9nunANLEes Sodal and culture aspects of construction with bamboo
(Garcia-Saenz, 2012) Lmaiﬁtﬁu'ﬁaﬂmﬂ'wmmﬁmauauaaGiammﬁaamﬂu%ﬁ%%mmiagjmﬁwaﬂ
daanguun duagvieuivanimwinaoy Jausssu wazsyiRans iunisusngluanteenssy
ﬁag}'mﬁ%ammm Feunmnmsunsnussdvsnannmeusnlasiomzanuinuagicng e
TiAnmmanvaevesgUuuuaninenssuituiy Femadaiinsiianznzasmeudayiui
ihlugnsdsennitlyannisioans endegrady meneuliveseslely Tliuninensly
fiostiu Seensnsemuiiuiiogendeiivhainlivesmifuiies Sidama (Fanmdl 10) wazv1 Dorze
fiflmadansandld nadansusioniuld uaswedamsausudelianuuasienissuatu vl
lifteginuilusidd dusuueniidnuvargunsiloundedulivunlng delvifndnuazionizes
aontmenssuiiuiuluesleds Aduiusiuanmpfomawuurmdiiiosdourioas fuu
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—~ 1 /// ’v ~ /
_bed room/store,
“.._ (bamboo weave floor)

__ living room
Vo,
%

Ystore/kitchen
e

A 10 aantnenssudiuiuivhanlivessiugies Sidama memauldvawaslele
#137: Dalbiso & Nuramo (2019)

suzderfuiansssunmsieatsielivestiedoudiin Tnsawgludu fusnglidull
Hosluniiu eswminmwenauysaivestlifinsrneiegynnatu dwalifausssumsteatns
Felellusiuiidansunngiifiuegtng wihilegordosfafuuisdmazgymeluneniunisuee
fveaslesuazmsivdsuulasianssssunAduTananamnssy sedlsimudwunsdifnguey
Linpan (oadey Seieguinmitsuaaiunsfuan Wuiluiifdusnynuasiiniudugs msmou
auaednuzgiionafinayiliAniiogerduiitivdsaaindu vmemiusn dwaliigudnual
vosaningnsmuasdnuazmalasiain yufanadanislilifimmuunnmeiuiiegerdouuulon
vosnituiios Sidama wagwm Dorze lunowiniegradiulddneu uenanil anuwaiziiuszimalag
soULTY Linpan Hu fie uiifvadesdsiuuuasdld vilimudnmasmdetaitnugums
roa1asheTansssund Insiamngegidanslivanldasioulidudsgitygymeaniinenssy
vasthiEileluiiosiiu annunauBes Activation of traditional construction techniques used in
Linpan based on the concept of sustainability: case study of bamboo materials Auinivele
thiaueuseifiunisnennszuaumanidyanmsieatsiiegerduantosioaiu laifeauddunade
nsreaseliwuudufuriidy widmniinmaaseumsthemanusouvesiiilian Al
WuauuumudeusiuTandu wui mnngeiiedgeiumun 240 faduns uastaiuons
Iianunnumn 5 fadms ansaanddusyavsmsmomanuoulduszana 0.15 W/m2 K
(Ding, et al., 2020) widuaviananlullduanstsdodfumeadd lunmemseiunduuansliidiu
famsfnuludsifiuannizshaueifinnngidyynmsegerdesuuenivionnifnisneains
euniu ﬂ'ﬁzmumifﬁaa'%ﬁﬂﬁmmﬂqﬁﬁzyzyﬁaﬂén %1‘1%1,1?145@@131&%1Lﬂuaem?iaﬁ%ﬁmmzﬁu
nslitanliuonmiioniniiegerdeluszduaiaiFeu msvensveungormsasisuzluguiuy
aontnenssunady Woduaufanssumslililfaseglufiuiionsuungunsies Safuuumna
Qﬂﬁﬂmﬂmimﬂﬁﬂ,ﬂil,l,ﬂiumiaaﬂLLUU Chengdu bamboo culture exhibition center N15UsENIN
wuuiidatiludiesdsy evmsmariliifivudiduiumuvestantoaidluiosiushiu uiddoms
felmustsunisegerdeluandnenssudndie

a ) o o a
-7 MTANTIVING NSOBNRUVANTNLINADN U9 9 atiun 1 (Uns1AY - UUIBY 2565)

192 JOURNAL OF ENVIRONMENTAL DESIGN VOL.9 NO.1 (JANUARY - JUNE 2022)



lugarunisalfinisvenediivedies uazniswWdsuwdasiannoadiaviesduduian

o

gnamnssy AeladenilsnviliesAnnudiBedrlunuanilnonsuliiuiudes 9 Houan uag
Mdundsyiuanudeanazagyemnlilasunmsdua vieiiuindnlaiunuazsgyme vieiui

& A o

913U51n9 U Mssusiiungniau lviinanunaunaunduluvainvaieuuuy W nsalfnwives
guwu Linpan leaidey Yssmedu wiheedigndeuvesnsinuiduiisslusunsuniseanuuy
Fasfdlalldimnngnisreataeneadeliegnadusussa ogndlsfine uisedandniliduds
vildlunuamsweanmsdiuany sesesfiinietan GG swidRnisegends degndrenenan

andnenssuiiuiuvunnan venenalufionasvunaluafilanuduasisuganndadu

agUnanIsANY

MnmsEnwmuTuaiRedestunsAnulilugius Yanroadvantnenssy Tu
sERULIUR Raust A.A.2010-2021 ST 88 UMAIEL WU NISANILAY N THEUNIKATIY
Tussiununiiuuituiviu Wesmnlilduenudetioatsiltuddylumsliiiutanreass
amnilnenssy ndanito1nns ZERI Pavilion griea¥1stufianu World Expo 2000 luidias Hanover
Ussewgasuil sihlilifiunumilugius fansssuminevauessionstianulutiaaniifaulyiamny
ddysomadeunvasanmgionmedan lnedddeianreaomadenfidulinstudandes
madenlifaniissdiu maanmsudesaiveulneenledlusevinmanoadns Wudu anunisal
wienfidmaroliodludanu World Expo 2010 m ngadedld Ussmatu ianszuanisthleald
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