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Abstract

This article aims to explore and present aspects of space architecture, including the nature of
the work and the approach to developing this emerging profession into space architects, a new career
field in the future to support the growth of the space industry. The article will compile past and present
research articles related to space architecture and structural engineering from the ScienceDirect

database, focusing on designing extraterrestrial habitats for harsh space environments, such as high
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radiation, low atmospheric pressure, and extreme temperature fluctuations. Space architects must
prioritize safety. Space architecture not only applies to space exploration but also has potential
applications on Earth. By integrating ecological principles and sustainable development concepts, space
architecture can contribute to creating sustainable housing on Earth. Currently, the relevant organization
is the Space Architecture Technical Committee (SATC) of the American Institute of Aeronautics and
Astronautics (AIAA), which plays a crucial role in developing the space architecture profession and sharing
knowledge. Additionally, there are related subcommittees focused on exploring and promoting the
application of space architecture principles. Overall, space architecture is a challenging and exciting field
for those interested in designing extraterrestrial habitats under extreme conditions, with a focus on

sustainability.

Keywords: Space architect, Moon habitat, Mars habitat, Extreme environment, Sustainable design
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msfiausmesafufivesaniuiinuazinesnuuugnamnssiluaniseameaduiulud aa. 1960
o Usemaavnmansisassdsaniouloion agileves wandils wlawly (Viadimir Chelomei) sonuuuaniil
9amATgn 1 (Salyut 1) Gsgnynidnlud a.e 1971 luanigendnilud a.a. 1968 WneeniuugnamnssLse
woun 1a3 (Raymond Loewy) laluanna NASA Tudiadanuiniaanluluaanoanieaniouau (Skylab space
station) iflelniinSuannsoueseenuardunslanla anieuaugnunidnlud e 1973 Madumuresnisfiuma
vosywogoImiilagimnsfiiannszuumsruaas sTuUNsatuayunen i iniisudy Fevnuwifud
lufunnudnduvesinaavinlunisesnuuvaniiedniaug NASA QQLﬁulﬂﬁmiaaﬂLLuwuiwué’m%’U
tinduornmnnnan lunsuusnveanessy a.d. 1970 anuinludeuilafiaunuiasuansnnudaiulunms
oonuuuanidenna warlulanenmssviuauaulaves NASA lunisassamornmadaduaunesnislu
nseenuuudsanidnenssuidumadalenalraniinimnandausanntu nevdslasins Space Station
Freedom latdalenaifiandulunissananiuiinlu NASA uazanduns@nuiivhausaudulumansves

PAAMNTINTMALITYIUMSENI "an1dnenssueInia’ (Space Architecture Technical Committee, 2014)

gﬂﬁ 1 @niloania Salyut 7 wag Skylab Space Station

‘17'1Im: Space Architecture Technical Committee, 2014.
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TnermunveunvesunaLiidnmgluuuiiinendeueniand uismestunuaninenssuuaziangsy
Tassasauaznfiunanuiazanussdumalaluduanuiinuazimnsaniigmuaneifanuadlanunu

anUnenssuoimAuaziausueslUginanuineimanslulueman

JUN 2 nsihfiineAuuenlaniuu Self-deployable mnuszgnalaluiuiinlasuanudemeanuauiulm

fan: Space Architecture Technical Committee, 2014.
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2. Aseilieadas

an1dnenssueInia (The Field of Space Architecture) ETQLﬂu%ﬂmiﬁﬁwﬁﬂl,a'%ig‘fuasme{al,ﬁm IGE
fuwTuulumsnsnuuiniu Sddasunfardusy funsatuayuainigualulasanmsdisesiniauasiasns
WIYERS ﬁﬁaﬁ‘uaumﬁﬁﬂaﬁuﬁuwﬁ wananUinasidensmanadauasfinauvnamsuagianinig
manuaInafiisoudiolsifureya lussnisandaenssusaznisneasalaimuuuaanisesnuuuly
wangaudmiunsianiinedelusanaessnieiiuasinisasuuiiinendeusnlanyszniaduanndu Tu
ﬂ’ﬂqﬂ’uamﬂﬁﬂmmﬂﬁfmimgmmﬂmasmummmaa%’jtﬁwé’ﬂﬁaé’aﬁﬁwuauﬁaammﬁ'mﬁauﬁ’u

aatn "ganiAluy” Amduilentaunludugsiafiifiervesiunisndnvesgeamnssueinia an1uiinelnia

v o
o

Sudumennioudalumseuiamsauniwuazaruannsndesnuuy vananmafneluinaninensa
muunfuas anidiineameadinesiannauelaluan e oulueInALILHANTENUADATN YUY WS
warmsBaNLUAMIRGeN AnUineamaazaesaninsnagUmingiumseenuuudanadaainaniminaeuuy
Tanihluluganmunaeuiianizandaluoinia uasiieugifiudulunuicmnssy vionsidvaninenssud
Aeafuanmunneuteseania Aazraslmiudngniwlunisvianuluauianngsiu (Space Architecture
Technical Committee, 2014)

gﬂﬁ 3 Usgnaawkuu Transhab, NASA, Kriss Kennedy, Constance Adams, 1999-2000

fiun: Space Architecture Technical Committee, 2014.
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17{34’1: Space Architecture Technical Committee, 2014.

\lesmsandnenssueina (Space Architecture Education) 1uanvi3wiimdaivlauazidunis
ysanmsauglunens q manslszgnaly gaulavsnesdanugsiulunisdeuuasiinisfauinuiesosn
neifissuarludagduiianiiunisdnuiiidnasundngmsanidnenssueInie Ly Sasakawa Interational
Center for Space Architecture (SICSA) waﬁqmﬂ?w)w)ﬂm Master of Science in Space Architecture v u
W28 uN el AT AINTIUAERS University of Houston (USA), TU Wien Academy (Austria) ‘Via”ﬂqm
USyln A 1UN1TUSMIT Executive MBA Space Architecture Program, Andy Thomas Centre for Space
Resource ununsnuniglanasienssumansiazaadnenssumans University of Adelaide (Australia)
¥19u3TeN19m U Off-Earth Construction lusgauuS e lnuazion (Space Architecture Technical
Committee, 2014)

AugnsIuNIsAwalinaadenssneana (SATC) iunilslunmznssunmnumada (TQ) aela
antueImAgIuLazeINIABLE AU (AIAA) Matduaindnlu AL iuleulvddyaungszideunsiduanndn
Tu SATC wnifaflanuinenenasauiilaladuaundnues AIAA wie SATC viauduefnauBnuierdunudd
dusaufvanndnindy o Sainsdasaiulenuazing SpaceArchitect dadussnnsfiiudasziiiosu
aninoanienamnanednms 4 maiduaindnlumadudalenmalvyseaiiievesivendwlunseeniuudl
winenfavesywevioszuunsdisaeina 1wy Wuandnluanauaniuin vie nauauiiufofondnesnuuy
v dndnwlundngasimnssuuazannenssy masunauiiossdeulssiunquaniineniassmang
Usswenaraziloniadouguandsuaudiuieduanidnenssueania Snvslailomananofuaniudn
omeAfifivsraunsaiuaztaiaueiuzdmiulunshaou Mafinw Meide viewnAnuarAnssuns 4 Jadu
Tenaduffwmanindnw an1vinuarimnsozlafilonianinaiguanisanidnenssuoania (Space
Architecture Technical Committee, 2014)

N13ANYIV8Y Kawayapanik, Thubthun, Lohmeng, & Klaichom (2024) WU éTwm:éﬁaéwgﬂmu
911N B ULAITUNTUATAN289ANT (Moon & Mars habitat) ﬁ‘Ma’lEJE‘ULLUUW@NU’IW’]&JWJ’]NT’I’J%J’I‘U@Q
weluladnsneasdlurisssezinandu 4 daun a.a. 1992-9990u Tasazuusnquanudnumraniuiis (Site

feature) sUkUULATIAT1 (Structural concepts) wagiendunislaeu (Habitable functions) fisil
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1. Tnssa319911U (Generic structures) 1uguuuulassastsundvialuvulandslutisusndslula
Fildamaneanauazidenlyannaunuasuninidundn wu lassdn wda Tnssegdidey 3 93

2. Taseasnsuuunesau (Inflatable structures) Tnssasnauuulaufinoslagniiouazifuszuy
Tssassiinusnniign osmnannsanunonssisgdlaesnsiiuszansnmuaznaumanasaglafiuiiuosuin
slannsnvuadang

3. Tassasnauuuudula (Deployable structures) Tasassiivenglaidusnnildisnsiitendmiums
drenadesananusovssnendila semnsudsziuiurilnysendaiuiluguouas osndlsiio

suiwneuiinsuszanalalassasisivenglaaulvgyauuluilasasunndnuaziun

00
see?
L

| """‘ | PR PR M PP

g‘ﬂﬁ 5 EULLUUﬁWﬂmﬁEJ Self-deployable habitat for extreme environments,

SHEE Consortium 2014

fian: Space Architecture Technical Committee, 2014.
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g‘lh?i 6 EULLUUﬁWﬂmﬁEJ Crystal - rapidly self-deployable habitat demonstrator,
Florida institute of technology, 2012.

17{34’1: Space Architecture Technical Committee, 2014.

TAssasnefiam 3 §if (3D printed structures) Giy’sslﬁgaai"]ﬁ’mywuﬁywquLLazﬂ%mmﬁummwuﬁai’aqmﬂ
Tan nslandwennsluaniudl (in-Situ Resource Utilization - ISRU) Fauranlaunn ISRU wugihlulaTaniiudles
W avoasiuuLneduns sduusuiieasdasaseuonian usn 9 wAnvesdlasiasiedifismnie 30 a10
20 UULANTUNTUAEA1ITIANT W1AINANNAF LAY EDIALLUANTUNTLAEA1ISan 5T AaN TR
Tnssaseianiiannsasuiddladiolaumsimuiuaslyosamnya

SUN 7 sUBUUNSRUN 3 3R

v U

17'1'34’1: Kalapodis, Kampas, & Ktenidou, 2020.
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U 8 msUszmanuuufiam 3 1A
Martian habitats constructed during Phase Ill of NASA's 3D-Printed Habitat Challenge
fis: Malott, D., 2019.
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A5799 1 giJLmemsﬁmmﬁauaﬂiaﬂ (whlusnuyasann Kalapodis, Kampas, & Ktenidou, 2020)

Research Types Analysis Approach Materials
Benaroya & Ettouney (1992)  [Flat Truss LS N/A
Ettouney et al. (1992) Cabled N/A N/A
Benaroya & Ettouney (1992)  |Steel LS, LD Steel
Nowak & Sadeh (1992) Inflatable LS, FEA Kevlar 49
Benaroya (1993) Tension cable N/A N/A
Sadeh & Criswell (1993) Inflatable LS, FEA Kevlar 49
Jolly et al. (1994) Flat Truss LS Composite material with a density of 1.523 kg/m3

(assumption)
Malla et al. (1995) Flat Truss LS, LD, FEA Aluminum
Abarbanel et al. (1996) Inflatable LS, FEA Isotropic Kevlar 49
Cadogan et al. (1999) Inflatable N/A Kevlar
Kennedy (1999) Inflatable AA Kevlar
Aulesa et al. (2000) Dome LS Cast basalt
Bateman et al. (2000) Inflatable LS, FEA Kevlar
Kennedy (2000) Inflatable LS, FEA Kevlar, Bias fibers at an angle of 67 deg
Jenkins and Tampi (2000) Inflatable LD Mylar polyester
Borin & Fiscelli (2004) [ Inflatable AA Five layers made of mainly Kevlar
Criswell & Carlson (2004) Inflatable LS Kewvlar
Adams & Petrov (2006) Inflatable AA Shell made by Kevlar and core made by carbon fiber
Ng (2006) Deployable LD, FEA laminates of AS4 Carbon PEEK
Tinker et al. (2006) Inflatable & Deployable  [N/A Varies (review paper)
Benaroya (2006) Arch FEA High strength aluminum
Ruess et al. (2006) Arch FEA High strength aluminum
Meyers & Toutanji (2007) Hemispherical Dome LS, TA Waterless regolith concrete and glass fibers
Malla & Chaudhuri (2008) Truss & Inflatable NLD Frame of aluminum, membrane of Kevlar
Faierson et al. (2010) Voussoir Dome LS Regolith combined with aluminum powder
Khoshnevis & Zhang (2012) 3D-printed N/A Regolith & sulfur concrete
Malla & Gionet (2013) Truss & inflatable NLD Frame of aluminum, membrane of Kevlar
Cesarreti et al. (2014)[ 3D-printed FEA Regolith simulant (DNA)
Mottaghi & Benaroya (2015)  |Igloo-shaped TA Magnesium alloy
Brandt-Olsen et al. (2018) Inflatable FEA Kevlar cable and ETFE membrane
Woodruff & Filipov (2018) Deployable FEA and empirical Mylar
methods

Yihong Hong et al (2018) Deployable LS Aluminium composite
Dekai Zhou et al (2021) 3D-printed & cable FEA Regolith
Amin Lak & Maziar Asefi Deployable LS, FEA Kevlar
(2022)
Federica Zaccardi et al (2022) |3D-printed FEA Regolith with polyester

Note: LS: Linear Static analysis, LD: Linear Dynamic analysis, NLD: Nonlinear Dynamic analysis, LV: Laser Vibrometer, FEA: Finite Element Analysis,

TA: Thermal Analysis, AA: Architectural Approach, RVA: Random Vibrations Analysis, MA: Modal Analysis.
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3. ITUBUIIBNITAUUIIUIRY

N313eilsImIIUveyaINgUYeYa ScienceDirect LtaAnwguLuuDIATIND AR UBNlANLAEIANGY
Uszinnvesenms siunsdnwinisesneimsniglaanmuinaenluaniiziuuse (Extreme condition) kagfnw
a Y ™ ' Y ode Yo 1y o & = o a ¢ =
Weriuiaguazimalulagnisneaseilyivenasinendeuenlan ntudwhnsiesgndIsuifiguguuuy
a1msinendeuenlan elavihmuingUszasanmuauailisiniseduse agduaziaueuuy (Kawayapanik,
Thubthun, Lohmeng, & Klaichom, 2024)

FIUTIUVBYALBNAN TN VDS

AnwzuiuuvesoIiinefeusniandauwennas

WAL YU IUITEN A UENURNTTUWALIAINT T

ﬁﬂ‘l&ﬂﬂ’ﬁa@ﬂLLUU@Wﬂ'ﬁﬂ’]EﬂG\ﬁﬂ’]WLL?@ﬁ@MIUﬁﬂW?%?ULL?Q

Anwufernuianuasinalulagnisneasns

AnznveyalUTeuiiuaasnedeuenlanikuumigg

aAUTIY/asulaziauauly

5UN 9 unurasudguTsmsaniiunuide

4. Nan1539Y
miaamw‘uLLazmiﬁwmﬁaEﬂfmﬁauumﬁw%uasmaSﬂmﬂﬁuﬁﬂmLLazﬁmmmaéNm'aLﬁaa
arwnumanaluladneasdutagiuannsohlmisisnseenuuulng q fasilulalunisasedisn
onfuenlanlnass
nseanuuuluafn
1) Generic structures WnAREUAY (U 1960-1980)
Tugeewoala wnAnEuwsndWSUgIUULAs TSt lUlassansiidsuneviegulafuile

Yosiusduazannivin vagiivnfndmiuandinsdinaduismguieazdnnuluissunssuinermans

' ' v
aada U o w

- 'da A ' ! ¥ Y a ¥ = Ao !
LuaamﬂLwﬂIuIaawuagiummzu ﬁﬂﬂﬂ’e]qwﬁﬂﬁ/lﬁ’m’ﬁﬂﬂl‘uaﬂLLaSﬂaﬁiﬂﬂiﬂﬁ]iﬂﬂ’wLVIﬂIuIaEJﬁ]i’JﬂVIJJBQ
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2) Modular and Prefabricated Structures (J 1990-2000)
nMsagIudITIeINALzsuTLAsTalng v nnseenuuulassassuuluga ey
dfaguidululaanntu Fsamnsavszneuimetudugiuls mssenuuugauuiinnudsdunasmmumelu
anmwnaeuda Tudsnssladaoiniauazi uaﬂmﬂﬁyﬁaL'%'uﬁmimﬁqq‘umwimaaﬁﬂﬁummﬂluﬁyuﬁﬁ
$finene
walulaglagiuuazaunnn
1) Inflatable habitats
s InemansTagilugaimumusasifiaunsanunoanimwinaeslueamels vlug
n1seenuULTinge1fauuUIUa 15U Tuga BEAM 184 Bigelow Aerospace dslafunisnaasuuuaniiieanis
unnef Tassass Inflatable Suwanssindaszmansiiunauasvesesnidoinfa warlidnmauuiunme
wadiAnlasasauds
2) 3D Printing and ISRU (In-Situ Resource Utilization)
nseenuuulutagtuyuuluinislsTanmesiu wu duasduns Regolith) dmsunisnoasny
doanmnusudulumsuuastagainian funsanalyasuazanudurounladafin esenisernaglsy (ESA)
uaz NASA Tafauaunuuiiuanduifuianaluladnisfiam 30 Taglafudeunuunnmaiuniuaznnidans
3) Hybrid and Deployable Structures
\Juntsauveianiassasauds (Rigd structure) uazlaseasiadnau (Inflatable structure) wiie
dineulasade UssAnsnin uazarmazaanauis lassassfiaansaiuivle deflouinngvindasemnenis
yuaazansnusevieUsznouladnluiRuumatuninienndmsidsegluiuneumsnagey
4) Autonomous Building Technologies
yususuarsrUUSIuTRM&sgnitaniieneasalegenduneufiuyusarands viowewmdeiindu
oamdlumsanauastissinuiiegeds TduianaudsmeTinuyusuazisnszuinunisaeguiiuniln
TIAL3B
5) Human-Centric Design

[

mseenwuvalislulvanuddgivannzinlauazdsruresmseglueimedussesiauu wu
PONLUUNUINNNVUIA LY NUTAIUNAN WasdidueauasaInivihlnanmuinaeusanmileusguulanuiniu
uenanil SauumsasuiuAnausalsudsunmslonulanainvane Fllpnudgessdedmsunisiasyey

8g1371n8IN1IANNTANEY
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M13199 2 VeRLarvedNinveteIAITINe e Lanlanwmar JULUU (Wnludnuuadann Kawayapanik, Thubthun,
Lohmeng, & Klaichom, 2024)

sUuY Yof dadniin
NUMUUAZLDIIUTS AUNUNTTLANEUAYdUTOUY
Generic Structures  [l38n1sneaseiiguing luganeunarvenerunladiie

Yasiuiaduazanniuinlag

Usgndaiiunsemnamsvuea flonmannisnesaugniiuundla
awnsavivdsunnsangluiilvgau nean1INsUesiusaduANaIENSAgUAI8sINGS
Inflatable Habitats .
VRIINNTVENY
sanuuulavainuany
lyTanlunesduannisvuaanintan Fanpsimumalulagnisiiun 3D welyaului
ANNUINABUTULTY
3D printing —— > — T
USuumalaiitenavausianunesnisuay |Auaudivesiaguaranumumudiluiuuey
USunuan nwInaeuivansay
Y o a o 7 55 ¥
FIVOAVIMABY TN fenudureulumsesnuuunasnisuszenaly
TG
Hybrid and o —5 — - e
lofulunsvuauey nosinwiAuanysavedlaniandlnladiolass
Deployable Habitats .
U eHIR0N
Usznoulaisy noen1INsUBsTUTEILAY
Autonomous Building |annsidesienauywe Famasimumalulagnugun
Technologies neasveensiiuuuunuduszuy myiandluszezusnazyilesnnduszuulug

4. n192AUTIWUASLEUD LU

MnnMsEnusULuUeImsnedeusnlananednauiadagiuaziiun avivaadnonssueina
Jusunevensvesnuaadnenssumdniinesdinisan ﬂﬁmmﬂﬁejuﬁﬂmn%u nnanniu vudeulaiiddasin
LLaxamwméyauﬁamaxqmmqm% Faazumnenatunuaadaenssuuilan Tunsdudesnisdesiused
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