JOURNAL OF
ENVIRONMENTAL
DESIGN

Faculty of Architecture
Chiang Mai University

Volume 9 Issue 1
January - June 2022







JOURNAL OF
ENVIRONMENTAL
DESIGN

Faculty of Architecture
Chiang Mai University

Volume 9 Issue 1
January - June 2022

R-A : 215815991015
v
N1529NLUUANTNLINADL

AusanIUAENTIUAERS
1n1Ine1dedealny
7 9 atfudt 1

1UNTIAY - AQuIgU 2565



IngUszaeAvedINTEs

JED: M3ansInns mssenuuvanninges anzantnenssumans uvnivende
Godlvl Wunsansitemeunsasdnimg Tuaiietesiunisidouaznisesnuuy
an1ilnenssuuazanwiandon iedaiuililunisiauenanumadsnmsungauls
tnAmms T thanw waryananily Sussfumsiaiuaiennuduudumdvnnisuay
FFnmeaandnonssusioly 213ans3vIng Msesnuuuan mwIndeY Busuneuns
\$lo w.m.2557 pontazaesatiusnaudstiogtu TneweunsH TR T5as (SSN: 2392-5477)
(Fausiathiil 1 (1) 89 6 (1) wagmihviu (SSN: 2351-0935) (aifudil 1 (1) Ssaduiiagtu) lugd
LU e-Joural Tneshums$usesnasgruasansisnmslve (TC) ngudl 2 dle 1.A.2560-2563
wagliFumssuseanpsgunsansinmsive (TC) naudl 1 il w.A.2564-2567

vouiwniian wazAansvasunANiisURI SRR

NIEANTFURIITAN UNAMLITY UNANNITING UNANLIAITE] UNANUTIRY
unamuanazuneuiiinnnineinusiuaminenssuuarmaniifendos iluguuuy
awilneuazaSangy sungueng q dutelull de

- Useimans wafnuwazngufnisanilnenssy

- Aavz an1lnenssu uwaran1Unenssulng

- amdnensauiiuiy uaganwndeunaiansssy

- mseusndandnenssu

- mseenuuvanUnenssu

- mseenuuUYTULiles ganUnenssu uaznisiuiles

- mseenuuUAnLIngly

- nalulad winnssy uagnsuImsdansniandngnssy

Avundunay ;. Wasuunanunaent TngfRunnasanaIun1sUseiulasnaunses
1PENITTUNIEMTAUARAZNDIUTIUNTNTUD uazdaiiuitay 2 alu muswazidunving

LEUNTAITH

ﬁagjﬁ'mia : dawunaramdeunnusznaunmsssuudiunarmeaulaiii https:/www.tci-thaijo.org/index.php/jed
easBeaiainIuled : https://www.tci-thaijo.org/index.php/jed



JOURNAL OF ENVIRONMENTAL DESIGN

12-A 1 2156159UINTT NITOBAUUUANTNIINADN
anzaardnenssuAans unIneaelesn

ISSN 2392-5477 (Print) (@l 1 (1) s 6 (1)

ISSN 23510935 (Online) (UUYT 1 (1) Fedlagiiu)

anuzaalnenssudtans annInedeesnd
239 QUYL FUAaIN

suneaiiles Taniadiedlul 50200

Tnsénii: 053-94-2843 nsans: 053-94-2843
https://www.tci-thaijo.org/index.php/jed

UTIUIBNT
Huimansnsd asduiin ylfoen  wnninerdededvd

AUSAw
ANENS1158 AT.58 35500 TewnsSedndl  wninendeeslnl

NaLUTIAUENT (Enssnaidinneuan)

MEnT19138 A3 Inadv’ UEEREGE UATINENSETIIUAENS

399ANANT13158 A5.3.8.Juan1 nIUTaEns PHANTUUNTING S

$04MEn519138 3.0 1Beunsza WATINENSESIINAIENS

FOIAANTINTE NINTTOU TUNY an1tuwealulagnszaeuindndinummsaianse U
J9ANANT1A5E A5.ALl aywadaqa UNTINEIFUNYATAERS

$OINANTINTE A3.UNAA RIANa AN VOULA

399Nan519158 A5.4n3edlng LAnd3 WnIngaeAaUIng

NBIUTINIENTS (Fnsenanainiglu)

399NAN319158 A5.UT LN Fuautiun wnTinendedeslg
399ANANT13158 A5.871YA LavENa unnededesinl
HYI8AanI19138 As.LHUAY guazi wningndedeslul
feiemansnasd 03 §nen ansquis unTInendedelng
913158 A5.a4A WeNENWUN unineaeded

LAYIYNIINBIVTIUNBNSUASEAUSN WS
Astun And WMIngaededing

aanuuUnsIAnIauLazInuNlne
AN IRAnisAuaIS

Avtindn
23413 NouUTy



AN39AIAINNTUIUNAIINITAS JED
FEITIVING N1TBBNUUUENINUING DY

Jnsenandinneuan

AanTANseiushna o3@3 Udium
AzandnenssuAEns
WNINEFBNYATANERS

SOIFNANTIANTS AT.UIBITTOL N8RS
ANTANNURYNTIUFNERNS
UMINYISUNYATAERS

HY8Mans1R1sd As.aefin s1uge
AnzaoUnenssuamans

UNTINYIRBLNYATAERNT

ANENTIANTENT Janenil
puzannonssuaans
PHAINTAUMINE Y

i3
£

F9IANEANS19158 AT.NUMaling WTvn
AuzanUnensIUAMEnS
PRI ING1RY

5041an319158 05Tl 915vied
AnzaoUnenssumans
AN MY

FOIFANTINTENTIUYAY af3leBu
AuzanUnensIuans
PHIANTUUNTING 1R

FOIANANTIANTE AT.YAUH WEAINATEY
AnTENNURYNIIUAERSazN1SHElY
UNINYNRYTITUAERNS

504A18NI19158 AT.AUTH qrSTed
AranUneNISUAERSLaENSHAIaY
UNINUNUTITUAERNS

399ANERS19158 AT TR SNy
AnvanUnensUMansuaznsHaiias
LUINYIRYETTUANERNS

HHI8A1anI19138 A3.ysyetiug unna
AzanUnenIIUMEnTLarN1IHAeY

LNINYREFTTUANEARS

HYemans19158 as.anaianl dulnena
auzandnenssumaniuaznisiades

LN INYNRYTTTUANERNS

FNENSI58 A3 35% Dustusie
AnvanUnenIumEns
wnInededaling

AEn31N58 Syl it
anvanUnenssuAmEns
unInedufaling

A1EN319138 SRR 15T Nava
AnrandnenssumaEns
wnINeaeAauUINg

389FNEARS1AN5Y NSNS DsUGIU
pauraadnenssumans
unInededaling

HYI8Aans19158 A3.aWnNnT1 ansani
AuzanUnensIuAans

unInedeAaling

AENS19158aNRI YegnEAe

auzandnenssumans Aauzuazniseaniuy
anrtumaluladnszasunandnnunmIs
GRGREFEAE



Mans1sEandng 53N
ouzan dnenssumans Aauzuazniseaniuy
antumaluladnszoanadnumms
aansd

ftemans1se ns.8uBm atanes
AanUnenssurans Aalziazn1soaniuy
antumalulagnszaoanaidinumms
aAnszls

' <

QEANEARTINTE ATYUNT YIHUG

B
4 !
Aurandnenssumans Aauzuazniseaniuy
anfuwmalulagnszaeuinddnnumms
GRELERAV

HY8A1anI19138 09.9558105 dlaiaes
anzannenssumansiazn1seankuy

winendemalulagnszaaunansuys

AENIIANTE A3.91580 NI
anvandnenssuAEns
LAY LVOULAU

FIPNANTINTEG AT UNAA FIANa
ANLANURYNTTUAERS
UAINYSUVOULAY

J04AANTINTE NT.ALE Menze
ANZANIUNUNTTUAERTUMITUTIR
anvnwaaUnenssu
anduenrsuAal

HHeansn913d 3U Aanalvedn
anzanUnenssuaansunI Ui
avivandaenssu
anduerrsudad

HYI8A1anI19138 033981 AEEIN
azannenssuAansiagnIseanuy
Aandou
URINYRELY

HYeManI19138 T.anwan s
ANTANURENISUAENSLATANTOBARU
Fanaau

PMINYIEoLIlY

393MENI1938 AT.udaEY §1dgna

o
s

Auzandnenssumans
winendemalulagsivunadyys

HYI8AanT19158 AS.815A N
anraaUnenssuAansuas@aunssuaans

UNINYIRUNLE



v

gnsenmqainigly

A a o ac

FNERSINTENESAAM dSNA AN3YiNa

q L] 1
5 v

AnLIInsAad WinInedueelul

a o £

Aans1sEiiesAnn w.a.qsalan Auadan

] 9

AnLIINAad WinInedueelual

FOIANEANT1A138 A3.2TTYIN Uneashu

a

AnLIInsAal unineaededing

ANERS19158 A9.5¢77550 TesnsSmuiugl
aaizannensIuAans i Inende@e sl

AEN319158 A3.39)38 degaTes
AnraUneNIIUAIERS W InedeLdealvl

399ANENS19158 A5.UTIWeN Fuguiiun
AnvanUnenssuamans unninedudedud

F09ANERT19158 735740 2500a
anvanUnunssummans unninedudedud

599A1@NS19158 A5.00NE DBaKaINTY
anvanUnenssumans unninedededul

399ANEN319158 A3.NTU NI
AnvanUnenIsumans unninedededud

F9IANEANTI1A15E A3.BJUTNG FRaITT0
anvanUnunssuamans unninedudedud

FRIFNANTINTG ATVIYUTIA A3FITIN
anzannenssuAans unInenae@e sl

399ANAN19158 79.0A1YA LavENA
AnvanUnenIsumans unninedededud

F99ANENT19158 A5.dUA FIRT1ATw
AnvanUnenssuamans unninedudedud

599A1@R519758 A5.JeLAY DATINGI9A
AnzannensIuAans uinInende@e sl

FNANTIE A5.A17198 JuANA
AnranUnenITUAIERS W INeaeTealvl

HYI8AanI19138 A9.1971980 doiasey

AnvanUnenIsumans unninedededud

HY8ManI19138 As.ENsUT NeVu

AnranUnenIIUAERNS HnInedudedludl

HYI8Mans19158 AsUHUAY guazll

AnrvanUnunssuAEns uninedudeduy

HYI8A1anI19138 03558 Sandns

AnvanUnenssuAmaEns urninedededud

HYI8A1anI19138 As.Y3us 55133008

Anvan UnenIIuAEnS unInedededudl

HYfMans19138 As.8uTnT Yulsen

Anvan UnunsIuAEnS unInedudedud

HHeAanT19138 aslende uien

anran dnunssumans uninedudedud

HYI8A1anI19138 A5.30E1 a15gNs

anvanUnenITuAEns uninedededud






UNUIIUIENIS

NFNTIVING MIDBNLUUANNNAREN Avannenssuans
wnendodedlya atudf o(1) sssudeunnsiauiediquieu 2565 i
flumArusaausau 9 unaa

Tl n.e.2565 1Wulwisanugaenainds COVID-19 vl
nesussAENsiowhnuisesulal sevlar wavvhauieivhey uasd
thumugild Welsildnsasinmsidaunmaannasgiuiitivun

Nsensatiuiasldtinmsusudsunasussansmsuedy ey
auduudwonisans wasiiuduneunisinnsanunanulfdussuy
Tneluuudnnsasunay Inenesussansnms endunsesunanufifis
disnnntu Wldnesgunewiddudmsnandiinsanunanuiiusudia
Tumsusadudusnnulidesndt 3 vinu mudemdninasiuasisnig
frsanuiiiayanalissumistismansasd wasmansansd
(atuil 8) w.a.2564 selU nesussandnsniaduetneben axfldnluns
Wannaua ity Welidounaradnnsingléinsmsivins
ieRfusinasy wasiifufimounsnanulumaniniseenuuuuas
annilmonssuiifiguawludssmmnndy Welhduumdsanu$ivimsi
dhdslgalneauialy dndwnns wazdndnw

el nesussaninsveveunmiideu usinandvnvinu
Fufududumiiwenmdnsairmsvessdeinaenii wazs)

Q v o

vajsiundndunaunmlinaululuewan

o)

HY8Mans19138 a3.5uiin guilsen

UIIUNENIT



nseRnUUUIngsANsIaTeuase eatuayun1steuiannsufdunusseninauyed
AulingsAns
YSvan AgINERs

n1susuinunegerdevasauaulissluunannsugsisad
duiin1 1908

ananualyuvuEauLWALANGY JmTngTiesiil
A0NY FUNBY

WUININTAUETUTNENWAINDNNT9TAUNBATITAUSITN YUYUAAIAYBLE 91N
wiiune Jmdadedlud
naude Snwug

msasvinsansiunaalugiudeya Scopus ¥89913138 AnuzanUnenssuAEns
MdusunBnanenuiruzaardnenssuadnsuisUsemalne
NUNWIF 1DoUTINIY

wuansUSulasudeanaasielvidennassssuuinalununyi: nsalfnen douunau
DLNBLZY JININTeIlna
algwa A1g1en13y, livne wuglwlsarl uas @13an anashunade

UMM TUTEEIULAZRRNUUUUTUU TN INLIARDNNINBAT WAL E9811U8ATL
azgaanluiin drusulinvieanedgiony Jninaymsaensiy

fAngan wadswn, q3n9n ginuadl uaz WuauA Ussiasgae

N1531A31AUYIININIBATIN LINBUILLINIINITEBNLUUBENSHEIUTIN NIdiANEN
21A13UABuaN Tsaneunausiang Janindeslnal
din wanenuwi uaz 511N g8

Tluguzdagreadrsluauantlnenssy ¥99 A.A.2010-2021
SyunsTIa MBS uaz Juf Wity

GUEITY

26

46

66

90

110

130

154

174






nseenuuuinssAnaailausss eatuaumsEauiann
NIUHFUNUTIENINYENULINTIANTS

The virtual exhibition design for support learning from
human-exhibition interaction

YIvgy AgnERs'
Preechaya Krukaset'

Received: 2021-08-01 Revised: 2021-12-24 Accepted: 2022-01-31

unAnga
madeihidnudadelunisfomsauiingsanis mnmssamaunsaisinsansay
wllaBlyal wieisszaumsaiirnniludeuin snvasamAdadunifodmanmuiumsidoss
Usina ieesiiolunside Uszneusne wuudinwaldsin mnngusetneidusunugidoigy 3 ngu
ionsuisthislumsesnuuuinssanisiaiiouads uazuuuaeuny snuvnsesulat mugfuLuUTAes
Ivssansialionss 3 TR ievaeunsiuivesifoumuinssans wamside wuih UFiSefiiaen
MsBesmunuinssAmsamansautioanidu 2 Uszom 1sud mssuuarensual Banseonuuumsdauans
fifiusyAvisnmipseguuiiuguremdnmsoenuuy uavdsserdiideiifetestuniseenuun i ms
pnusis Aevdomalulall anuduiusieiudl Jsvlvsnmuesas uarTaslunsnnuds dhutiddu o
i Ingdnuans dernufiazdeans Svisnamemen guvisomans @ Svisnamedean dnunagnsi
Tlunsdaaiunsuivesyudmetuiu Snvisineonwuufediimmuddyiulssdundn 5 Usaiu
Usznause Ussiusuilen Ussifiughunten Yssdiudunistio uasussiusumsosnuuu iels
ruimssansiadiouriefisenuuuiuussqdimanemaiihosnuuuisgUszasly

mehfny: dnssensiadionass M msufduiusserheuyudivingsens foeuvuiingsanis

! angwalulaganavnssy wninedesvdgaiuatiun

(Faculty of Industrial Technology, Suan Sunandha Rajabhat University)

@/L‘ﬁau%é'ﬂ (corresponding author) E-mail: preechaya.kr@ssru.ac.th

mssenuuuinTsANMTailoudss deatuayunsSewinnnsufduiussevianudivinssans

The virtual exhibition design for support learning from human-exhibition interaction



Abstract

This research is focused on the study of communicated factors from the combination
of exhibition designing and new technology to enhance the positive experience of the exhibit
visitors. The research method was a combination of qualitative and quantitative research. The
research tool refer to the in-depth interview from the three expert groups to know the virtual
exhibition design factors and online questionnaires coupled with a 3D virtual exhibition model
to test the perception and understanding of the exhibit visitors. The results found that the
reactions of exhibition visits can be divided into two categories including perception and
emotion. Effective exhibits design methods must be based on design principles and use of
design factors such as decoration, media or technology, spatial relationship, light efficiency and
decoration materials. Other factors, such as exhibit objects, text information, physical influence,
aesthetics, color, and social influence, are also a strategy to promote exhibit visitor awareness.
In addition, exhibition designers need to focus on 5 main points including content, language,
usability and design. These main points make the design of virtual exhibitions achieve the goals

of objectives that designers determine.

Keywords: virtual exhibition, perception, human-exhibition interaction, exhibit visitor
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Abstract

This article aims to study the adjustment of living space by the urban poor in Phutharet
Flat. The urban poor, comprising many ethnic groups, rented monthly, posing the question of
how each group of people would adjust the living space. How are the groups similar and
different? What factors are involved in the adjustment? The research hypothesis was that when
groups of different cultures live in rooms of the same size, their living space adjustments include
the similarities and differences. The research method is a field survey with a sample selected
by purposive sampling method with precise conditions selected as the criteria, including the
rental rooms of Thai people group, the rental rooms of Thai people of Chinese descent group,
the rental rooms of Burmese ethnic group, and the rental rooms of Lao ethnic group, totaling
18 rooms. The research results found that the living space adjustment characteristics of the key
informant groups can be classified into two patterns. The first pattern is the adjustment of living
space in response to the user as a result of daily life and basic human activities, which resulted
in similar adjustment characteristics of the key informants. The second pattern is the adjustment
of living space in response to the cultural beliefs as a result of the integration of the cultures in
the homeland and the cultures in the new land, which resulted in different adjustment
characteristics of the key informants. They make sacred spaces that can define the unique
characteristics of each group of the key informants. The related factors consist of (1) budget for
adjusting the living space, (2) right to adjust the living space, (3) number of residents, (4) age of

residents and (5) behavior of residents.

Keywords: adjustment of living space, urban poor, urban vernacular architecture, cultural baggage
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Abstract

This paper aims to explain what factors are employed to define the identity of
Sakae Krang community as times change. This study employs various data collection
methods such as drawing, recording, photographs, mapping, interviews, group discussions
and participant observation. However, this study focuses on collective identity rather than
individual identity. Raft houses and environmental management express a process of the
collective consciousness of the rafters that shows the similarities and differences of the
group’s habitat. Therefore, the study focuses on examining the house forms and behaviours
to explain the characteristics of communities, both physical, social and cultural aspects.
This study will concentrate on theoretical discussions rather than architectural styles linked
to the situations they are facing. It can be concluded that the identity of the Sakae Krang
community is never completed and is always in the process of creating a new or modified
one. Because the identity of the Sakae Krang community is a social relationship that is
either constantly link to something or it is an ongoing process and always allows for new

forms of change.

Keywords: architectural identity, Sakae Krang raft house, community, Uthai Thani
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Abstract

The market community is a unique cultural space that deserves to be preserved
and promoted. This research aims to find the identity of Cho-Lae market community through
the relationship between physical and social components. To create a way to promote the
identity of the market community in the dynamics of changing towards adapting to tourism
by using a qualitative research method. Data was collected by in-depth interviews with
community forums to creating guidelines for disseminating identity through community
participation. The results of the study revealed 4 important aspects of identity, there are (1)
community history and evolution, (2) community layout and trade activities, (3) shophouse
identity and (4) community traditions and culture. In terms of promoting community identity,
it was found that Reflecting admiration from outsiders or tourist makes the community
appreciate the community identity, which is an important driving force for understanding
and conscience, which is a management approach to promote identity along with cultural

tourism with clear and effective participation.

Keywords: identity, participation, cultural tourism, market community
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Abstract

This study analyzed international academic journals listed on the Scopus abstract
and citation database for 27 faculties associated with the Council of Deans of Architecture
Schools of Thailand (CDAST) between 2001 and 2020. Data was collected from the Scopus
database. Results were that 235 articles from 139 journals appeared on the Scopus database
by 103 researchers from 15 faculties, and 189 articles were cited (80.43 percent) from 2001
to 2020, in annually increasing amounts. Dividing publication into four quarters revealed that
the articles published in Quartile 1 attained 35.21 percent. The top four subject research
areas included in the four-year division of the Scopus database included Engineering, Social
Science, Environmental Science and Arts and Humanities. The relationship between number
of article citations and quartile of journal amounted to 189 articles citations or 80.43 percent.
The number of journals never cited were 46, representing 19.57 percent, while 117 journals
on the Scopus database were in Quartile range 1-4 (Q1-Q4). These findings suggest that
future CDAST member publication trends and directions from 2022 to 2027 may include an
increasing capacity to produce in field of thermal comfort, BIM (building information modeling)

and natural ventilation published in the article in Scopus database.

Keywords: international academic research, Council of the Deans of Architecture Schools of

Thailand, instructor at the faculty of Architecture, Scopus database, VOSviewer Program
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factor | enalnd
Emerald Group Publishing Ltd. | Facilities Engineering 1.97 Q1

-Architecture
-Building and Construction Social Sciences

-Human Factors and Ergonomics

Fuji Technology Press Journal of Disaster Engineering 0.78 Q2
Research -Engineering (miscellaneous)
-Safety, Risk, Reliability and Quality

Kasetsart University Kasetsart Journal Social Sciences 1.67 Q2

-Social Sciences (miscellaneous)
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-Energy Engineering and Power Technology
-Renewable Energy, Sustainability and the
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Environmental Science

-Environmental Science (miscellaneous)
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-Geography, Planning and Development

Elsevier BV Building and Engineering 6.456 Q1
Environment -Building and Construction

-Civil and Structural Engineering
-Environmental Science

-Environmental Engineering Social Sciences

-Geography, Planning and Development

Academic Press Inc. Journal of Environmental | Environmental Science 6.789 Q1
Management -Environmental Engineering
-Management, Monitoring, Policy and Law

-Waste Management and Disposal

-Medicine -Medicine (miscellaneous)
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Abstract

This research aimed to present a study on construction and context in the area of
the case study to propose a guideline for making a change to buildings to be consistent with
the environment and ecosystem in forest areas. The case study area is Mon Cham, Mae
Raem sub-district, Mae Rim district, Chiang Mai province. The scope of the studly is investigating
areas in the project for constructing camping resorts around Mon Cham and community
areas of the Hmong hill tribe, Nong Hoi Kao village in terms of environmental and ecosystem
problems caused by the rapid expansion of ecotourism. Data were collected from groups
of the sample such as ecotourists, tourism community enterprises, officers of Royal Project
Development Center, and forestry senior officers. The research instruments are questionnaires,
structured interviews, and on-site observations. Which were analyzed and designed to
become an architectural prototype for assessing results by experts. The study results found
that the main factors of changing buildings to be consistent with the ecosystem in the case
study area could be classified into 3 parts; (1) temporary buildings that can be easily installed
and removed, using materials with low greenhouse gas emission, which can be found in
nearby areas, (2) layout of low-density buildings in which the number of buildings is controlled
(3) appropriate Infrastructure with good accessibilities. There are suggestions about studying
in-depth information of ecological architectures adding to local people and tourists. Besides,
the promotion of agro-tourism activity models and increasing the quality of hospitality

services is due to reducing the number of building for reforestation.

Keywords: ecosystem, camping resort, ecotourism, agro-tourism
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Abstract

As Thailand is now entering an aging society, Samut Songkram Province has a
policy to promote and develop as a center for ecotourism and culture by supporting and
promoting cultural and community-based tourism for the elderly. This research aims to
evaluate the accommodation design guidelines for the physical environment and facilities
for elderly tourists in Samut Songkhram Province by using a survey method and proposing
the evaluation in accordance with to the Law on Building Facilities for the Disabled or
Handicapped and the Elderly, 2005 and 2021, as well as the Amazing Thailand Safety and
Health Administration (SHA) Standard which includes the disease prevention and control
measures for hotels and accommodation stipulated by the Ministry of Public Health. It is
found that there are two types of room improvement approaches. The first room type is
for wheelchair users and the second is for an elderly person who can walk without assistance
by using a cane. The key finding is the limitation of the bathroom area which is not suitable
for wheelchair users. Hotel operators and related agencies can use these design and evaluation

guidelines to improve the physical environment and hotel facilities for elderly tourists.

Keywords: elderly people, elderly accommodation, elderly tourists, Thailand Safety and

Health Administration (SHA), Samut Songkram province
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Abstract

Meawang hospital is one of Chiang Mai community hospitals providing secondary
care and services. The hospital performs under supervision of Thailand Ministry of Public
Health. Maewang outpatient department (OPD) building was built using Ministry of Public
Health building standard called OPD building standard No. 3130. The OPD building was
built in the 90s and it is in use for services for more than 30 years, which lead to building
dilapidation. Moreover, the building has been through several expansion and renovation
processes without any concern of environmental impact including the prevention of
transmitting and spreading of COVID-19. This study was conducted using observation
technique to identify problems in relation to physical setting of Maewang OPD building.
Later, architectural plan analysis was conducted followed by interviews with 10 medical
staff. The interviews were conducted to obtain insights regarding users behavior in relation
to hospital design standards. Obtained data was analyzed using content analysis. Findings
showed 5 main factors regarding physical environment problems that can be concluded
as ; (1) factors leading to the accumulation of pathogens (2) protocol and measurement
to prevent spreading of pathogens (3) OPD service processes (4) renovation plan for the
OPD building (5) prevention of accumulation of pathogens in the OPD clinic. Obtain insights
can be used as part of participatory design guideline, where hospital policy maker, hospital
planners, architects and engineers can use the information for future design development

of the hospital. The design guideline is catagorized by each zone of the hospital building.

Keywords: community hospital, participatory design, healing environment, content analysis,
COVID-19
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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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Fanreairsanrtnonssu Wdum (search term) fiflanudiudlasnse liun annonssuls
(bamboo architecture) 9175k (bamboo building) Mseenuuulazieas1eeli (bamboo design
and construction) waz Taseuaynsdieusiald (bamboo joints and connectors) 1933N 55194
Falsinadaenliiuisuusardadauiuilunisine sudswultiuneafiivsinafity

Tuvaus R UM TIATEMTIAUNIMUNTIUNTIANGUNISANYIVES Huang (2019) LU
sumsnsnuleflugius Sanididnenmeunnuuduss fawnsansihlneassaatinenssy
wag Lara & Espinosa (2018) uuudyuvasUanemslumsenseavanitdnenssuli dilugnisdauen
Uspifiunsfnwandnenssuililidutagroasrmuidomanss (content analysis) 4 Ussufu
o (1) nslliduiagmadeniunisneasaniinenssu (2) nsldbiduaguaniunisneass
anriaenssu (3) msldlidutanlassadamsantinenssunazdese (4) msldliduianyiesdulu
msneadsiiegedeluitia

-7 1 21581539IN15 NsReNLUUANTWIIAGEY TR 9 atufl 1 (unsiau - Tguieu 2565)

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



msnuTassdumsinuniiidmnefedanduussiuiomnsfine uasdumdesi
nansfny AfgdestvantinensauililiiuTanneane lusswined a.a2010-2021 1osan
\Wutsnafisinslililuiatagmaden deldveenaiuinirmdsanau World Expo 2010
2 ngadeld Usemeadu uazlu a.a.2015 liffunumilugus Sasiineuaussdenseunsiinmnegng
HiBu (SDGs) nesAnsanUsErnd ey neAnwluumeudansndilugnsadisUssiu
mMsAnwdy q Mieateudeulesiu Sufinndesinedidaduiuilumsdudy saudinnsaaman
fansnsadonlosvidovenonaluiifivng 9 FsaznelriAnaauselovifinmmnluransudy

AAIITINANISANE

NMsAnYIUNAITT 88 Uy asnsasuund N sAnuldnudfmeumnd
e fanwdl 1 Fawansliiiuiinmsinwiifeadestuaninonssuildlidutannoatilu
sefuUARIUAT A@.2011-2021 Tfemafinduuiy Turuedd ae2021 §doudududle
Wounuamiug Jaufurieiul insmeunsnanudiliindn Turmdsd a.m2015 dmsweuns
unanlulssdiuiifedesiuTagmaden Janfilufinsivdanndon Jandsdu Jeaonndesiy
ulswne SDGs nesdnsanyszrrinuiinariluudiu wandiduunumiasaadouln
vosTanssaunosli lumsimihidutanneamsaninenssulfibuegned Tud a.m2020
Hulifnsmeunsianuaniiante 17 una Taeideduna fe dnidefimeundnanuiy dw
wilafianudonlesiu INBAR (International Bamboo and Rattan Organisation) Tuditeniuil
INBAR lsrdndununlusziuuunndinussuussulainanedite Tasfifussensfonduindded
wounsrasudnan Tuvazfitnifouisiuiinanumeunsinnni 1 unany sndeeagy
Andry Widyowijatnoko, Kent A. Harries, Edwin Zea Escamilla, Sebastian Kaminski, David Trujillo
Hudu mnfinsanunanumand wnmuiiuiiveanuiiiviinisdinu wut fufififins@nwann
fign Ao glimAleide Tnsmeunsunaamnnds 47 unanna (53.4%) inniAsmilsvesunany
v (Fanmil 2) Gaaonndostunanisnenuninensilillupfiniaedeiiidounnis 67%
(Lopez, 2003) #uiififimsfinuianiian ¥ud duladlide 16 unaru (18.18%) Fu 11 unenw
(12.5%) Buiils 9 UmAY (10.22%) mudndu (Fsnmil 3)

Tumnensatutuglsulildlidunsnensviefiorosiu dailunfiniat Favumsnudl
WRendesdauinadon (Fuamd 6) flsuldfnmunanuitisdestuaatinenssalslugiinasi g
vodlan lnefdrsadaudd a.m. 2010 Husuan esandudilildsuamuaulalugius Yanneaths
Tugaiiuszvieilaniinnuinadenisiasuudasaninmadesuaz gionnia viliinesnuuud
AramEEuTshau iU aamadeniidiiuinndstu demaliau World Expo 2010 fiman
(pavilion) Mlrdutaslunisieainsnnnindueias dailugnszuanisasrsassaanidnenssy
Tlunwdnuallvl Tuvasinuinnisideddetulidnngiiy wuh dedestumsinwman
HUNDIVDINGNWANANT ANERS wazTanniinemans luneessiudiunisfinuludamgufuas
WoidwfoRnsdmiunmahldlulssgndlluaninenssuiuroudaiitos
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aglsiany uddslunwimsdeananifuvnldufinzfigeauaulaaninidediaty
(Huang, 2019) Ingianzn1slElidu (raw bamboo) na1afe dlifidslsdsinunsudsgy wud gnih
TWldlunsneaswandnenssudundn
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#iun: U$uuzeann Huang (2019)
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Yuefiniodes The study on application of bamboo in building envelope ng Huang
(2019) Favhiusearing a.a 2013-2018 SHmgUszasdiilemeuniosdanusannslla Widuentuany
Lﬂum%’wmﬂiﬂwﬁa‘hﬁzﬂuqﬁmﬂﬁiwLﬁﬁg@ﬂi@l@fﬁ Tuifveamalulad¥ag Aldnaununisuaueaay
Ifsudunawasnningatag a.e.1980 muiinanaanudatiu fedu Huang (2019) Faldlanuddny
\Aerfuanantivanmisiuauudausmunm mi@mmm%u nslindanu unndnisfing
wadiamsieasns Tesio viegudnualanidnenssy Tasudsszdunsinu “li” MAstosriuli
maunsldnutaniuanlnenssy eondu 3 sedu loun szaulvg) (macro level) szaunan
(meso level) uazszduidn (micro level) SududeyafiugruiidlifiussiuauunnsesUssifu
nsllUlglunins

drun1sfnw13e4 Alternative sustainable tourism for community development lng
Lara &Espinosa (2018) leuususetanmsinenauaanuduiusluliinisaanenssu Ingensdman
A19UWIAR Vitruvian Concepts of Architecture Tu 3 Uszns Ao AaETLAY (firmitas/durability/
firmness) ANEIB913 (venustas/beauty) tag nslauszlewd (utilitas/utility/functionality) 210
wnAafsnaniunsdedleadenilumsinuanitinenssuld deali Lara & Fspinosa (2018)
fausnnguannuduiusoonidu 4 ngu 1éun mnufunsudause (resistance) Uselomildass (use)
ANUEIBY (beauty) ey (sustainability) ?jﬂﬁﬂﬁal,l,mﬂ@mmﬂgmawaa Huang (2019)
Tundvesandnonssuiainsnne Twaziuwnniideulosiuifimuenau nanie anilaenss
dleidutaglumautlalygmiasugie Tunivesmauasnisroasisnetansssumniluresiuty
anunsaneUAUBIHEANILAY AN uazn sl lenluBaRFinldderuiu wihesey
TusuuuuresandnenssuiuiuideiogorderuiadnlussduatiFou

ogslsfimuainnsdanguanudiiiudues Lara & Espinosa (2018) lédlMAudsnny
ddnesnsensziu W lugug Tanreaiaiiadeyadiisliifuaantnenssu amvznssuamidu
Iffgsvosnuen gnmdnuainazunumuesaninenssslunszuansviondionBsadreasse suaniu
nszuanvieaiisaitonstonwilmiadsivaunionmuedliluanidnonssunaslugiimi anunsa
‘u'waﬂmmé’uﬁuﬁizmwﬁﬂﬁmLﬁﬂaﬁqumwmwwﬁiﬂﬁ?u’hﬁmmé’mﬁuéquwﬁ Tourist
gaze (Urry & Larsen, 2011) Bsdsralviandnenssudildliduianroasrsnareidugnsmuneves
tnvioawfien (tourist destination) 1nu (Mertens, 2019) s?i'wimgiﬁLﬁuiuﬂWiﬁﬂwwaaﬂﬁmaﬂssu
Iniaiovedulaiide
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Huang (2019)

!

(1) szaulng) (macro level)
(2) s¥Aunand (meso level)

(3) sEULAN (micro level)

|

+ Lara & Espinosa (2018)

!

(1) Arunudauss (resistance)
(2) Uselowidldany (use)

(3) MuEIEd (beauty)

(4) udaBu (sustainability)

!

danda 4 Usziau (content analysis)

(1) nsldliduTanmadentunisreasnaniinenssu

2) mslbidutaaudnlunisneaswanitdnenssy

(3) mslaluidutaninssasrmeaninenssunaziose

@) nsldliduTanviesdulunisneasreiiegendelindin

amidl 5 Msdnnguusziunisfnvivesddey

NMIANINTHUINGUVDIIADINUTINA1IN AT 1hingnsdangulsziiunising

FNEINISRANsANULeNnsesliemanseietesiulnlugue danneassaa Unenssu g

= A a 3 = A ) a i 1% ' =
HHHUDAWHLAUIN Huang (2019) IUUﬁgL@]‘Uﬂqﬁﬂﬂ‘t}’]ﬂLﬂEJ'J‘U@Qﬂ'UW\ﬂ‘Hﬂﬂ'ﬁﬂaﬂiqﬂ I0YMD AID

sUdnualvesanlnenssy uasyueweiiudneIn Lara & Espinosa (2018) Tuuszinunsudly
Uaymiasugiauazifieaueinau agrelsinu viayuueses Huang (2019) uaz Lara & Espinosa

(2018) fordudoaivayunilslunsdanguusziunsineliiiniuaseunauuazasisauiiaul

Turaneudys neanzussiuiuldlugiue fanluruaandnenssuiiiedeiuiitin Tausssu du
Juusznuddty Jsgnihangdefiansanlunisdangudu 4 Usziu lnsusiagdszinuiuannsada

wenduuunaNuiidnw (Fanmd 5 uazami 6) iua (1) nsldlidutagmadentunisieasn
anUnenssy 18 unanu (2) msldliluiaguanlunisneadsaniinenssu 30 unau (3) s
Tl dutaniassadimaninenssuuazdens 31 Ay waz (@) nsldbidutanviesdulunis

feasegordeluindin 9 una
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35

30
25
20
15
10
5
0
Uszifu 1 sy 2 Uszihu 3 Uszifiu 4
Al 6 SuunanaluusazUsediu
aAUTIBNANTSANEN

INMSANYIN 88 UMAMLITY aunsadangunisAneanuilenld 4 Useiu diludns
aAUTeNaluTIwazduna1g ¢ fail

1. msliliduiagmadentunisneadsaniinenssu (S1uau 18 unaw)

msldlluvsasuiiuluionsudtaymen 4 wu Jagmmsueusauiiogends Jam
fuiseRoRluauiuiulm viemslilifionsunuTanreasrsdun dluifveminens iasugha
Aawanden udidu Wumsnwiiifinanilan (problem based study) fiwunuaninnsalaan
Wuas ilugnmsideiteudlutiameanan senauaiRsuadaguuayauudusaesdile
lrianunsafuussiauazussisldninld anmsmeaeunuitiiadee biasnsanuussusiuiulnm
I¢annis 7.6 Tusnsidnmes (Paudel, 2008) fvdunsiliuldalugiue fanneadsantinenssu
Aanunsadumuusausiuiulm Jsamsonuldlunguussimaiideandadamangn wu nau
Uszwnaounl winadfinisiiausuinlnainnissieeuues OFDA/CRED International Disaster
Data 5¢4T £.61.1991-2005 fifies 4% andefivhvisnun udnduadiseundemeseTingauun
f9 43.3% dedudndnunsdeTinfiunnnifeRitiou q warlutie a.a.2010-2017 Sthudewdems
1 150,000 1ds lulaseunde W3 uasenines wui thuilasshedguasneunisliiunanszmu
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Tuvagithuiiasshelilszunmsiigaiudifimudandusiousausiuaulming dwalknindy
wanfunaneensineilridutannoaidlundulssinaenidnild Guanleasudelul a.e.2001
w3 Tl A.A.2012 uazionnaeslud a.f.2017 Auddu (Witte, 2019) luvhusaifisriuanideite
msianiiegendelunoanin Iiiausdssifunslililunisieairsiiogedelviusuvuay
dudle uardlifivinnadentilifeudtommanauasuiiogordortu Tanumnzauazaing
Anusnalaliiugau dufifctTamadena asugia wagaudiu (Ham & Shroyer, 1993)
nuATeidugaBuslunsuaneondsnisseusuinussauasfimmans il semad &
fmaSeudisuiemsasunlasirunfuazssmesestiause “bi” Inddnvazadeiuaniunisal
fireAndudu “drilna” Fudufoonnsdmiuiineldtios sunsealiuansailu firlugniandu
TnAUveIEN LD a'aNaﬁlﬁﬁmﬁwﬂwmﬁuqq%ﬂuﬁuﬁ (Garcia-Saenze, 2012) lagianizlukdves
fAaduAanadouuazaudstu deadoanumsnivesld finanendutanden (green material)
Tivisaudluasnisinensnssy uidunesiuiwnuantdnenssumeuiv

yauzdivaneUszmelunening wu uawegu 1osleiy wug gium Tésumsativayuan
INBAR Hn1siiaiunlasanssing 9 111%LL¢1'L%&‘1‘7Q@§@'1€1’8L1A15‘14 usidsvenenalugansisalaadu 9
wu sedeululudse wulymiBesdsueanuazainvedsabey AldduinsdetnBey e
dhorneatiiigs dmaliisguiaazasermsiuluvansd dnvarmmsmenwveaniegluanind
liduaSusonisisumsasu (Ekundayo, 2012) ftuluvansiiufivesludiFonereuatiuayuli
Ainmsitauuariiuglassadsfiugruvedlsadou mviulswonusulsaSouiifogie Tanadte
Tnithudiduyuiinnn WenBsuidisusunsreatsenenslmisae faadunusi (Akindele, 2012)
SeiuliFadutagmadonvildlunisandunuiinam TassuideFes Comparison of bamboo
and conventional building materials for low-cost classroom construction in Isarun, Nigeria
wandliifiuin enensBouiineairsieli DfunusemielunisiearefidinitenesBouiineasis
meTanneau §9 40.76% (Adetunji, Moyanga & Bayegun, 2015) wana Nt wui Snstlsn
TnudleudlatgmanTanteaigramnssuiiganitfanreatheiosiu sidlunseonuuuiamni
oejobLAY DI IBIYNTY NaTTUWE g nInsuILaglFsuAuaUlaluduleRTiAuadeg
fuaadnonssuegliten ferlundngubsusydnsiuandvidiuin i iiusasmisiitiunumsionts
utagmadenlufiimansugia uaznislivninensviesiusgisduvainguusemamdaiam
dunsilue@enungunsinuiifivssiudenlndidestily Sude wia fdwlvydnslil
Wuaslunsudlaymiegends luvae #3UTud nai uade Suladide wumsldliduluiile
apuingUszasdaiumsanmdsvgvesTiinefeannmansaiusiuRuln veuinsevivna
noumilovesUszmelng Simbheaniivinsfnuideiifeides e mheuinnssuiioniseenuuy
anrtnenssuanliuay Tanyiesiu auranlnenssumans aminendododnl Tnonszuaunis
Anwlinadnsiunadlalunasudyy nidudufeuumenisesnuuuuaseasisiiegendode
lidnfuuszaude Woduduuuuaninenssuiifamumnganfuanmituiddesion1nia
wiuAulmunamsuuauiRndefudssmafioutu
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2. malbidutanndnlunsneassaantdnenssu (Frwu 30 unaw)

msfnwlulssdulidulvgdulufesnssdunsldauliluaninonssuiiatuayuuuian
fagsssundiiuiinstuiuneden Janden anudsdu e ldnlnumuiiuguameafids
mMenmddslaiinunisulssy wasauautRiBsnasumudangy smfnnuudusiinouausse
nseenuuukarneasandaenssy lagansasuunaudnvaznsneasismaznistdnuladu
2 dnyaiy Ao

2.1 aandnenssudifinsneaiiennns wuanalumsAnniiedesiunmsiamunoians
ansnsnz muddElunguilinwanemsiineatiaata Weldilunsdldnwilulfseg wu wade
et Yander mIszueeufeu Msvieudiealuids eco-tourism Wudu daumsdnudiu
auvdenmluifinisnosunssmiunguilasaimnsaninenssuiu fusngliduthduns
Anwmsiladulafide snfeghatuunauiEes The potential of bamboo as building material
in organic shaped buildings (Nurdiah, 2016) LLamﬂﬁLﬁuﬁqﬁﬂsmwwsuaqlw”lumiﬁwmsﬁugﬂma
dasziinaganmala Uuﬁuug’m@mauﬁawmamwmwm“ﬂué’wn Qmamﬁ’amaamaﬁuﬂwﬁu
\i949819 Bambu Tali (Gigantochloa Apus) a@u13asia wislAasesemadanisiinusounazlaly
AU59U (Dunkelberg, 1985) sauﬁaﬂmamﬁ’ammLﬁuﬁauﬁﬁwuwi:ﬂauﬁ’ﬂﬁﬁﬂL"fluimqa%'mwm
Paanafiannsasesiusuualdifuiu (Maurina & Henatta, 2014) dlugmsnwiiAgadasti
Hldnueanslunsaiisuszaunisaiidauan wuldluns@nniifesdesiunsiuiaandnonssu Tu
naunsviondisndeadassd msdnvideulesluifddmulintn Tneawgluoasiiieates
Auan1dunsany

MsAnwEuNsalfnwE aenndeafudeiaueues Van der Lugt, Van der Dobbelsteen
& Janssen (2006) 114UV|?1’J”|1JL%J An environmental, economic and practical assessment of
bamboo as a building material for supporting structures waraieeFes Design Interventions
for stimulating bamboo commercialization; Dutch design meets bamboo as a replicable
model ¥n3dulfausnuzuumianisinyseuiisuiiueasiidauansuinaitenansil
Snuwadansm (temporary building) esnenmsmariiuanstenuduldldlunsilialy
Hutanandnensan luvasAeafuinidelfauouuzdssifumsfnuniBonsatinueennis (ife
cycle assessment (LCA)) Fadudesfideanisnsnsivaeu

uennil fmulssdudosmuudusmowanalifidmanonisdnrionislise fadesles
fednvazuarsUnssandnensalflunguussmaazfueisin Tsunssrouirmsdlunsen esn
rudenlunsldbivuudua vupuaudfvesliluana Guadua fideunnsnsainantdnenssunia
Haede Instanngluduladidefifiunsedaszannnin udedvduidesnanaeiusuazimaianis
dinlel Felundaeme@edenlilindnuaylriingu sududvsnalumiiifonsenulinanssy aunsa
wutuantnenssuiitiduaeseutos dlunuvesanuindiddeides Wy Wan Wen Chih (Taiwan),
Kengo Kuma (Japan), Shigeru Ban (Japan), Vo Trong Nghia (Vietnam) 1{usiu
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2.2 aninenssuiidunsneass (Msneadetansn) msdnwluumtnuannly
aniunsinwdumsinudsUoRnng (participatory action research) vastinAny1 9197156 119
hasYUTUY WU 91UUSNI5IVINSVBY School of architecture of Southeast University, China Tu
AT Application of bamboo in a design build course: Lianhuadang farm project (Jiao
& Tang, 2019) WHumsierlesituiidles Dingshu, Yixing Fadudlesdififodsmeuinanssaly
NARETUEBNYBITY YTINTFEUNTADUVBINANGAS Tnedltdiuuszfuveamaiinnisieadied
fgmannguaglseyndtunmsesniuurestinAnw TanuarAdendeiuuves Department of
architecture, Petra Christian University, Indonesia FOHN Department of Architecture, Universitas
Katolik Parahyangan, Bandung, Indonesia fdasaniutuilnuiseiidlilumsiundounsdou
nsaeukaymsvhausmiusluatsyszau linsslumsfinwanudululdvesdnvana
Imm%wﬁi%‘lsﬂugmwu Adaptive bamboo structure, deployable structure #383ILRINITNAU
VL‘Ungi%‘U‘U Modular system wag Prefabrication system Tusuresaniunisineanlanads

Tunmferfurlunduilildifntuamstuidieglummuunsiiy lumsiufides
2819U School of architecture, the Chinese University of Hong Kong (CUHK) fin1seeniuunag
WanUsiea Zcb bamboo pavilion Falunsidewes Crolla (2017) (e il 7) Flkdiuieniile
fananmsviilsiuresidlugesnsiifdargymedu aunsnveenaluguinnssunisneatnede
Lilleiognsls ImEJﬂ’]'ﬂ‘ﬁﬂil,mﬁm@mﬁlLm@’%LfJULﬂ%aQﬁEﬂuﬂﬁﬁ%’NLLUU‘\TW&EN‘?JIEJQ‘JJaEJ’lﬂ”Ii (building
information modelling) s 1sAmuIUsHENdLUUEsalnd ATeiidamedeianseih
Aaviadlenidu anunsavhanlfedneiszansamlumsiamstuanaliuiuouves fansssumald
oehdls sufmsasauiuazanuequeielusswitnisroadaiu edunagnsiivinlfnnsld
suidviarlsdlldudeauefivinty uddsanunsoasisenalal 4 lunsvhawinihauldsndae

A 7 N5eNLUUANET Zcb bamboo Tae School of architecture, the Chinese University of Hong Kong
fiun: Crolla (2017)
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wonanil nsvenelenalunislduuusiassinea (digital modeling) wulglusumis
1w 3D Printing architecture Mfunsiauaismsliifunisinuandnenssuld vuddeiiin
“ﬁumaiﬁ AirLab w84 University of technology and design, Singapore lagaaniuuLazNaaes
fioa1s Sombra verde urban shelter (Fanwdt 8) Fafunsidenldiansssumndedislil saudu
walulagnsusudeste (3D-printed connectors) duuuUS1a0UBaN1 193N (parametric models)
(Banon & Raspall, 2020) laaauteuduvieuvedlilunismaunuiagifanuduioudu 4 wu
viewdn viewanafin viesrgiifen Wiy wuln fauaenandesiungul Bamboo substitutive
99 Widyowijatnoko & Harries (2020) &afinnaieadesiungunsinudosiolungu 3 deduns
vUsEMSHUN ﬂaj:uﬁLﬂumiwmamﬁ?uL‘fJumiﬁmumaaﬁﬂﬁﬂmimﬁ’ummisjmﬂwﬁwmé’amq 9
finszuaumainuesadutunou adsdimstuiinnaegaiussuy Gsdauadudonismeunsaa
silugUuuuuneny wudnwafanssinngunsesniuuantnenssuansiiluimsihanu
o3 anUiin Imns P1ereasne Gamsiweunsaniinenssudiulngegluguuvumsussmnduiug
wasushuduled dnfunafusussdeyanthou wietufindamlussuiansreains ievly
a'mmEJLst'iua%”ﬂwmuL‘Tjﬁﬂuwmiﬁu’ué’qﬁaéﬁaa denalinsineussidiusig q danlvgSaintunds
Mnfiomamaduroanata Iuwwuaammﬂumm%mﬂmﬂuﬂamuaasmmmilfuauimmﬁmm
lui30w04 Design and construction error finain ansssumi Favnndeyaiugud i
Wiosmouazgnineund etlifiugnseunastamilusswinnsneadng avanunsathlugnsiaun
Tudssidiunsianismsteaisenaseldldinndeiu ulhlisdnuaiFvaisesfivengauty
nsthaldeuluaanteenssy egdlstiony nsvhauiuiagsssunfgeniidedin saufnisudile
Hoymthauilenizinigasnnnitiangaaimnssu

af 8 N15UsTNaUTUEINYelATINTS Sombra Verde Useinaaenlus

fian: Banon & Raspall (2020)

-7 1 21581539IN15 NsReNLUUANTWIIAGEY TR 9 atufl 1 (unsiau - Tguieu 2565)

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



3. msbidutaniassasamsaniinenssuuazdens (bamboo structure and joints)
(31U 31 UNAY)

wuamemsAnenluUseliu Structure and joints exploration i“jl:f;luﬂ'ﬁﬁﬂmﬁwumaﬁqm
FeaonndstumuAnTiuYes Maslucha, et al., (2020) é’ﬂwmsﬁﬁmmLawmmsaﬂuﬂsmﬁuﬁ
uAUALN ity Awansalunisiuussvestassaieiildll mealiannsussneuteseli daunannlsl
wUs3U (engineered bamboo) uaglifun1usssui (round raw bamboo) uusgagldiiu 2 neu
fio mafnuladlivhlassaisssnneng 4 uazmsfinuszuutosiold InevadesnguiiingUszacd
vuitugunmsliliifenaunuleasasliad e tlmiuddeiuaranudululfvedbifiannsoney
AUDIRBANULT I LNV TATIASS Lﬁ@iﬁiﬁy’uﬁaﬂqﬁmmsm fio 3-4 U (Awoyera & Adesina,
2017) uennilifiguantiidanaillndifestulsl wiaunsougnunaunildluszesnaniiduniy
fmueiunUszasiuayseuliandsduninlsl (Tahmasebinia, et al,, 2021) Usgneufunasasdang
Fumsuussesiliudnuiuuenaeii anmnsofuussisldis 40 kN/cm? (400 N/mmz = 400
MPa) 3aiialndidesiuman (Minke, 2016) LLﬁdﬂlﬂJ%ﬁﬂmauﬁaL%ﬂﬂaﬁiﬂé’tﬁmﬁuiﬁmﬂ agals
fima nsviuiuasantinismenmaudugien ide (node) fivdos (intemode) wazA Y
HureunasesdlituliliBosine enuihwmediendaalumsilinléidutagnoasns o ns
oonuuutarefiimadomussiomalulassaddldenedvszaninm danfuinifonaeviou faam
wenguazyuuslumsdonserududwediiirdhetu audaidundgunis@nniiiedes
futierouarniaideusodlilunanssuuuy annsausnsfnuldded

3.1 msnulillugiug Sanildvhesduszneuvedlassaiisussiansing 4 snduunany
nulaseaiimsanidnenssy nudnuazlaseasie 2 sULUU Ae Skeleton structure (panel truss,
3D truss, portal frame) wag Surface structure (shell, grid shell geodesic dome, hyperbolic
paraboloid) lneszuulassadamariiiaudenlosduiusiusunssivnnglunuaniinenssulel
Tungu 2 TuvagAuumanisAnwutseenidu msfinwriiuemsnsdifnw uay nMsnaaestudL
Tnseadne uenanUszdiunisinwifiesdestunisesnwuvaninenssulnensiuds Sadusediu
vsduidenlssiumansaaeuimnssulasaiiauay Yag ﬁgﬂuﬁaﬂ'ﬁmaauﬁwé’ﬁa@ WU U90R
WsIn wsaRe wsadeu usalnemiz wazauBangu 1 udy uazlfin1snsIaEeunIsTuLININgIL
yesszuUlATEs e neAiussuiieuusnseyhfiintu kueedle (platform software) i
SAP, Revit, Rhino, Grasshopper Hudu

nsAnwliuls3U (engineered bamboo) ditenldiduTaglassadielu Wunuina

a v = | . = o Y g e I P '
M33egULuunislungy Structure exploration #snaustiviuiisnnnundululainliudsgd awnse
hunliinlassaiiantdeenssulaegiels wmndoundulunduunanulunisuingunisdnyives
Huang (2019) Tusgdiuidn (micro level) wldnaniisgaseuvesnmsideniiedesiuliulszuih
vnnsdenssdvligenndeaiumaihliliilulassadamdnvesens ewinnsidudnlvgjeg
Tudupeunisnaass Jaguuiinuideniul Bamboo scrimber (lidaduviow) luiluiiudiulassadis
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WUU Grid shell (fanmfl 9 (Model 1-3)) doliUSsuves Bamboo scrimber Ao ns¥ulsinszans
flashiauenaontieviou aunsnandymiFes Standardize ludsTangramnssuld wanismanes
wuth Tasvadeianaauszauymlunissuussaniiinnssvidnudng sliAnnisiewdes (sway)
sullunaunananuasnsalun1siumunisee (flexural) wazusudou (shear) 989 Bamboo
scrimber Hutiosnidliiv Thidedaauenmmenisuidam fensasuudadasiasdli
i Arch truss frame wagLaudensBass (bracing) Tnsamsullsiusiazlnsaddnefu (Fanmi 9
(new model)) miﬁﬂmﬁaaLflu%aaﬁuaquiuﬂizLﬁuﬁdw Sleinusssumatienuananselunstu
sunsdlddluandnensauléifinit Bamboo scrimber devstivand fio aumgiwiiluszuulassaing
maaninenssuliswalilugfimeedoenuwd Sededlilaseeiiuanstiedinenmmsiuuswes
alinussINRNINNINKUTIU (engineered bamboo) Tummzﬁmﬂéﬁmﬂrﬁuﬂﬁgﬂﬁy’u wuluy
SnvnuzvasTanusznavemavietanlnfia (finishing material) Tnsfiuutsdulundui 16fins
“8ueNN1587484 Standard or building code wnlddmiuniaasuAmnsguiagiunisneasi
whnAsnasgiuvesennslil sxfiterimuafiuandnaiiluusiazusemea dagturunmsguiagues
luszauanna Wnsshadaieuwhliideutaiunansmunnass 150 2004 Saudsdeseenity 3
n&al Ae (1) 1ISO 22156: Bamboo-structural design (aUufdainun 2021-2022) (2) 1ISO 22157-1
Bamboo - determination of physical and mechanical properties (aduuuuse 2019) (3) ISO
22157-2 a laboratory manual for determining material properties (2UuU5uUsa 2019) wui
Lwiamhsmﬂﬁ?uﬁmié’wa%qmmmg’mﬁummﬁu

3.2 nsfnwszuLtesevesdllin (bamboo joints system) n1sideused g Gty
foidutladeiiddluszuulnssasianinenssuli wWeswindeste (joint) viwthiindnie a1euss
nlandeldlngndmils i‘]aumﬁdqmaﬂskuﬁ’umiﬂivaﬂm‘lﬂﬁé’ﬂlsit,ﬂuﬁfamaa%ﬁqﬁ?u Useiiu
wdnunandnwazauduvieunans uazndidliiiune dwaldnisiaunlaseadsuasdonasig N
fiauenidesesdousedlinareddndeiu uuﬂammmwﬂmLﬂmm’mamqmumam VUit
sunseenLuULaziadesefiannsadldeluantnensaildete  egnalsinalutlagiiu
wudinsfnwnieatudensvedasiadslfadelniinniinisinudessvedlasiad1sernsin
(Hong, et al.,, 2019) 671559LﬁuﬁuﬁﬁETQL?JmIamaIumsﬁﬂwﬁf{TﬁagjLsziuﬁ’u LUINNNSANYI VDR
fruadendaiunsdnemeiulaseadns namie 1938Anw19ne1msnsdidnewaisnig
NAeRsEsLLUULATITaunnAsluT Az B uAUTUTERY WU MsAnwTereausanuldlumaie
s maustiRvesannnenssuituauiiinmealuladsyuans wﬁﬁasialsiﬁLﬁmmﬂmwiuiaﬁizé’uqa
98749 3D-printed connectors TunuvesansunsAnud AirLAB, Singapore ez Digital building
technology, Zurich, Switzerland failunisnudeseliluguuuunissraeadansunin Fadu
Foatuayunislunisantamemiuiedeuresiansssuni warguuuunsinuegludnumzues
Research Lab nmaldnisviausiuiuvesindnwinazenansed

-7 1 21581539IN15 NsReNLUUANTWIIAGEY TR 9 atufl 1 (unsiau - Tguieu 2565)

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



Grid shell Experimental Prototype Arch truss frame

Model 1 Model 2 Model 3 New model

A A 9 n1sneaesly Bamboo scrimber Wavinlassassandnenssu

fun: Tahmasebinia, et al. (2021)

4. mslflilutanresdiulunisneadefiedendeluiddin (Frua 9 unanw)

=% ' adaa '

msfinyiietliiuiinaevedifiiesfenteulesiviatinnsedendy wasausssu

q
Y a A

msnease Tundyn “Jagyiosdn” 7 “mire Mades” s mire tduanseonfannuduiie
swnUszasimiuld Wsyiulaluiuimlsuameun Tuvasiidi Wades LLﬂmﬁﬂ’?ﬁ@Iuﬁuﬁﬁ
agonnsomsthuldnuluTinussdriu duedesdlossnaie wu da w$h & v Hudu Toe
msnylunguilildjaiufissguuuunisuansoonveslilugiug Sanreassaniinenssuituiu
whify wigsmnesiufamaweliiimiiededng (traditional construction skills) #idunanxy
auluaseuadinnugiy sudndugityalumsneaiauasgitynlumsegondy fdwals
\Rndnuaziannzvesiiogendevesnauuiiugluuiasniineiialan sndaegnamanuluusemelne
W anrinenssuituauiidliiduesiusznoulunasa  Tne aule Sudn GownToayn lne Laue
faine aonilnenssuiedounlsile tas Fo3 aand¥ae iudu Ussiumendalidiui T lildihming
Hutagusznovasidluanidnenssusaiuvinidy uidudslufmensiuedosilodoans fuansds
auasuassveunaiauazisnislunsneains sudsnsionfsendineuauewoan i
wansinsuvasnguaAnugliiueged

msfnilungud nuh naweunsianuiunundnguiuiegdesdleiiouifivuiunis
Anwnanngudu q nefiussiuiiiedesiulifiddinuuas Tanusssuvesnisneadnsiiegendose
5’aqﬁaﬂﬁuaﬂﬁﬂiﬂ\i nuUVATINEeY Social and culture aspects of construction with barmboo
(Garcia-Saenz, 2012) LmaiﬁLﬁuﬁqv'jam'wmiciﬁmauauawiamméfmmﬂu%ﬁ%ﬁmmmeﬂimﬁwm
drnruun sudzvieuitan nwnaey Tuusssy wazseifeans dunisusngluaalinenssy
flagenforesminin FsumAnnnsunsnussdvdnaanmeusnlagiomzanuinuazimng e
TAnenuvanuasvesgUuuvaniinenssuiiuiy fewmedeisnsflanizianzamowusasiud
ihlugnsdannideyanniseatns sndegaty mameuldveaeslels fualrdunswennsly
vioady ?NmmmwuLﬁuﬁagjmv‘*’i’aﬁv’iwmls«'mmsﬂmﬁuLﬁm Sidama (fan19#l 10) wage3 Dorze
fifimaiansanulil wadansyssenuld wegmaliamsouemidolianuuasienissuatu vl
Liflegsilufids dhushuueniidnuazsunsslaundogulivunelvg delvifindnuuziamzyes
amnilmenssuiiuiuluesleds Aduiusiuanmafomawuurmdhidiossounioayfuun
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: l l/ -“\\ \\/‘/ :
_bed room/store -
\\(t;j mboo weave floor)

T

awd 10 aandnenssuiiudunyaniivesyfiuiias Sidama nenauldvesesloy

fiun: Dalbiso & Nuramo (2019)

ynupinafuiausssunmsneaisnelivetluolonudiin lngavgludu gl
togluniniu iesanewgeuauysaivenlkfinssnedegunaatiu dwaliiausssunisneaing
Felellusiuiidinsringiiiuegtng wihilegordeduiuuisdazgymelundeuiunisuens
fweaileaarnsidsunlasianssssunaduiangmamnssy ogslsimudmunsdifinuguy
Linpan Wiesdsy dstseguinniinumaiunyfunn Wuiluiiifdunnynuasiniudugs msmey
aussiodnuazgiiemasanahliAnilegendofiiindsnnaindu memiuen dwaligudnual
vosaninenssunazdnuuzmdasiaing nufanadansldlifiaruunnssiuiiegendouuulay
yo3yiiuiios Sidama uazym Dorze luuewinmegnaiulddaiau uonanil dnwaigiivsamelag
soUguYL Linpan 11 fle fuifiusdensefiuuiastln silfguaussnmaaviotedivinuslunis
foadeneTansssund lnslenzegebensliianlifsagiouliiufag ity meantnenssy
yowsEliieluieadiu annunAuiEes Activation of traditional construction techniques used in
Linpan based on the concept of sustainability: case study of bamboo materials Auinisele
thiaueUstifiunsaennszuunmsaiidyansteainsfiegendeaintesiesiu lifleausiBanada
nsreadsfliuuuiniuindy uidismdnisnaseunistemanufeurewidtliay A4
Wuauuiuradousiuduiandu wuin minnguanedgaumun 240 fadums uaziaiuonds

a

Tauanumun 5 Saduns aunsaanAduuszansnisatemanuieulausyana 0.15 W/m2 K

(Ding, et al., 2020) winduavsinanlllduanstsdodAynmeatd lumemsetunduuanslidiu
5amiﬁﬂwﬂ,uﬂi:LﬁuamwmamaﬁLﬁmmﬂgﬁ{]wmmiaémﬁaé’uuaﬂmﬁamnﬁamsdaa%ﬁa

Al 7] T

Iewufu nszuaumseaiafiinangidagdsnan %’Lﬁl,ﬁuﬁqmmﬁﬂLi‘]uaﬂﬂa?jaﬁ%ﬁmﬂisﬁu
nsli¥anliuennieaniiegendelusziuairFou msvensveuwngerasasisazluguuuy
anntnenssusvads WodvaufanssamstililFasoglufiufinnsuungundes Saduuumna
gﬂﬁhmﬁmmﬂiﬂﬂmmmmsaanLLUU Chengdu bamboo culture exhibition center N15Us¥n0
wuiidetuludieadsy evensmanilifeusduiumuvesTagroadsluiosduminiy wisdeas
fedmusssunisegandeluaninenssudneg
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Tuaaiunisaliinisverediveaiies uaznsiasunlasiagneaiisvisaduiduian
grawnss Aetladendsiiviliesdanudideindunuaninensailifuiudos q Houans uay
Adandyiuanudssiazgymemnlilssunsiuau U’mﬁuﬁﬂfﬂ"]ﬂé”j”ul,m%@zyma v
o1aUsIngthe videusiiufignitanrlfiAnanusaunaunduluvainuaesuiuy wu nsdAnyves
yuvy Linpan Weaday Usemady wihnaziigpseuvesnsinufifuifiedusunsunisesniuy
Fasfdlallditmmngnisneataenmadgliosnausussa oghdlsfin vuisedindndlnduds
wilsluluvnavesnsivau roganlAan1edan TATR siuddirnisedede %ﬂgndwwammﬂ
antinsnssuiuiuounndn veenalusomsuualvgiiianuduassugnnd i

ayUunanisAnen

NnMsEnRUTIIUANLRg e stunsAnulilugug Yagneaisannenssu Tu
sEAULILIA Raust A.A.2010-2021 $1UAY 88 UNAIMIL WU NISANWINAENTHEUNIRATIY
Tussduumnmatuuliunintu deswnlildsumudotoosaditddlumslfiduianioat
anndnenssu nds1nTienA1s ZERI Pavilion Qﬁaa%wa%uﬁmu World Expo 2000 Tuiles Hanover
Uszmagesuil vilsilsistunumlugiug Yansssumaiineuaussiomslinulugisnandigaulini
ddnyenmadsuutasanmgiennavedan el agieassmadeniiduinsiuduandey
madenliianiididu msaansudeseniveulaoenledlusgnitemsnoatis Wudu aomwnisel
wanildswasieidasludanu World Expo 2010 m ngadiedld Usenadu Aanszuanisilsunld
Julanneadnantnenssu sunansliiiudesdnenmdsnalunissuuswazanudululdlunisii
ilfnuifanuamuansinndedy wildnmaneaianinenssudeliluguiuusuadien
#suamlisnlunanegiiniavedanduwihufsdufenuiu wu ewinild uewsni wideiedds
ne fuoanidedlsl uduy fedunmsfinnsantisnainisfinuunenudaud a.m 2010 uduandeay
Werdutusiuaniumsainislililugug Yanneavaninensniludadndnie Tuvugifetu
U A./.2015 pan1sanUssnvdlauseniauleuignsiauiegedsgu (SDGs) vlulnlasuunum
Fanreai1ssssunAinouaussieUssfiudinanmeiiuiu Jaenndestuiuauunarailusedy
ung i fsty sndegiatu Wl a.a.2015 wunsseuns 11 unenu (12.50%)
Y A.A.2017 Wag A.A.2019 WUNISIHEWNS 15 UnAIY (17.05%) U A.A.2000 WUNITNEUNT 17
unaw (19.32%) lusiu

mstiauensdnnguussiunsfinuil uansdsnmeimvesnisinlilugius Tanreats
andnenssy TnefiusadunsAnuniuanaflunmnilusdyuiiaoinenssudugnundey
Weoulosluvaneid wu Sdaamuwanden SAvinens Shesugia Sfenzns TRgeainssu 17
nsvieadien Turamieatunuussdunsinufiuavaduudyuiistutusandnonsslaonss
wu ARruudause Sinisldaes JRaunienin dfwedanisneads TRgilagandene SR8
Fin Hudu Dhmardasliduin b Wgnfnw d19aa sufeeduisvensanudedn Tuudyuves
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o A

fagiifienmannsolumadutagUsznevaisiivarnuans dusanilnenssuiiegendovuiaidn
guinNNsassEsIARWInwe@slungunAiug lneusmannsunsnuesmsenslasudnma
Nnnszuaneuen lauisermsasisazaunlvgfignesnuuulnsaauinuayiemnsiideldes
aunsemuiuannensslunannvanesuuuullurinagiineffllidunswenssugauauysal
wazfieuduiusiuiuananmiadeiigninounsdaingnluuds Tnsausaagunisdanguussifiu
\omnsfinw wazdumdesrihanmanmsinniifendesiulilugiuetanneatslu 4 Ussiiu fei

1. Yszwunislilidutannmadenlunisieaswandnenssy

iemauausamautladigmnisauaauiiegends antinenssuluwaiuiiusiuulm
vietiuifeivhly suddagmadenlumstewdeliymiasugiauarandneain deanudu
Sanssumiiisagnniniangaannssy Inelilifenaunuiandu q lufudfiflidunswennsi
anansndnmlaamnuazaninsavanvawnuriudenisliau wu ewdnld wensni Bude wia
AUTLE wai aiaide Sulafide Tne Wudu msdnuidelulssiuidnlvalisunmsativayuan
sAnsMhasulilussfuunA WU INBAR uaz World bamboo Useiiumsnwniiueninile
mnmslililugueagmadenuddu madeulsmeenadedinumani uaznisiaaufionels
yoalfnummstududarosimensinuliamauegauiu ermsbivariuneuauasio
nslimuuazmsudludymildinniioodioda idluorasitegends uaverasarsisus wulsedeu
AudUINIYLYL viosayn (Jusiu

2. UszdunsldliduTaamanlunisieasandnenssu

wieiannwazenseiunsliliduianlunsieatantinonssu faduayuuazaonados
wnAnTanden (green materials) Jangdu (sustainable materials) Yanfidufinsfudandon
(eco-friendly materials) lughugditasanmsuassfwaiueulneenludlusywinamsnoashs ush
ausaTunaNaNvEnneaseld 2 dnwae Ao

2.1 aaUnenssuNdnIsneas19a13s

nauilnedestiunseenuuukazneaswanUnenssuiyadului anuudeuss JUdnveal
guvissnm watianisneass duiu InednsfinunswiuaaauiRdnaveseanaliuaznisingesnm

q q
¥

ileliflanunsanevaussionaiduiannoairsnns sufmevaussdenslinu Aanssuiiaenndes
AuARTInlutegtu Wy enesuszavlsafeu aadumsfinw uesuazieiesd naueIAs
TuFaesauaslsuss nquormsluanuiivieadion Wudu eddlsimuvssiiunsinulunguilssd
Srmanowdyy AdalonalumsifudurosianemsnuiluFesing o lnslamzdafiiedesiv
an1tnenssulaunss wu Building codes, Building maintenance, Post occupancy evaluation
(POE), Life cycle assessment (LCA) sy FeunsUseidiuaninsovensraidenlosiudanuluba
nsdelfnuemsndsneainaads nmsquasnuiiiedaoignisiéeeians Wusdu
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2.2 antnenssuidunisvneass (Msneasstins)

nguinusnluaasunsfnyidsanlugidunshaunasomissenuuuiuuuy
(prototype) vastinfnw 819158 919 %ﬂﬁuﬁiwfmLﬁam,azﬁﬁ’lwumsqmu Wudu @unswaun
leilugug Tanilinaunuiagdu q wu a3 wanadin wén exgiidon Wudu msfnwilungu
Hranvaridunsidouuunaunu (mixed method) finslfuwuudnaesdeyaeians (building
information modelling) wazn1sUszanamawuuealnsl eassruwiudnazannmnaia
wdeunestan wnltamuddelunguiiinmsimundusuulugnisneadslussuu Modular system
wag Prefrabrication system faugienisialanieludlunismeasssauiumalulad 3D printing
Tunsvaaesdeusednlidndetusedese 3D-printed connectors Fadeslasiunuddeluuseisiu
Tnssasauastoss lurnsdeatummasedundguildsnamananfeliymiluidoses Design and
construction error MiiAnnAsINUTARsITUYR

uonanil wudedunaiimiumieifunisdnwildlidutagndnlunisdeatns
aonilnonssu fedsgnasaamsuardans dndlngvhnisfnviadiniisantnenssudundn wy
madeslosiuiifiAetesiugliass wieneuaussiofliaueimsludusing 4 Aeuirales uifi
andnenssuililidutaguanazgninluliluniunidenlesiuifdaunndoniiduiusiuss s
Aoudhags uimsdnululssiiudssdliinnidn

3. UsziiunsldliiduTaginssadromsanrinenssunazdose

eannslinutanldlunmeunliass Wesmnnsinulunguiifienudontes
fuaAmnssy nuwnliuilignAnuiludssifuiaglaseaine famnseuililussduszney
andnenssuund ey NNGUINITY Structural engineering ﬁﬁgmmﬁmﬂﬁulmaa%ﬂaLLax
Aenssuian dulusunsumeuiawmes (platform software) W SAP, Revit, Rhino, Grasshopper
Jusiu
3.1 mafnwllugug Tanilivihesduseneuvedlassadiadseiansing o

dionsrvaeuanudululfvedassadsannenssuiivhain el idluidvesnaiau
Wanalun1siuuse waznisveaeumasianuesbiviagyiniuiidiauantfmunzaulunisdan
fea¥a Taeinisfnwinmilsulivhlasaineeins damsldliwouiudfssaiumaussy
(raw bamboo) uaglkuUs3U (engineered bamboo) Ineaniznisanuiluysziuues Industrialized
bamboo products Seannsanaunugaavnsalifinunluiu dwaliAnnisvetgsweanmsing
lugsBounnsgrugnamnssy sdadalemalunsimunlasainseinstianan e liulss
fiinntu wihmsfnvssdudenilunguitsinnuauifiuimnssilasadng masgutan
i  ogslsfiou MsAnuiRgdesiuinasgrunsulnveslassaiieimsianligsdidnau
ldannifn asnsodaiuiilunisfnwnienaaeuiulimetudging q Atarldauldouiu dede
JuBesddyiidedldiunsinuuaziinismseaeuluddn eaismnnsgrusuaiuvasadels
anUnenssuuazgldauenis
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3.2 Msfnwszuuteseli (bamboo joints)
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