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Ot  mroocOpeveg  KOTtaoKELEG  €lvol, oMV MO YEVIK  TOLG  Hopon,
TPOKOTACKEVAGHEVA YWPIKE TAaicIo amoTeAOVEV amd TOAAEG gvbeieg pafooug
oLVOEO|EVES HETOED TOVG OPYIKA GTO EPYOCTAGLO GOV Hio GUHTOYNG OEGHN,
&yovoo TV duvaTOTNTA VO ovotTVYOel KaTOMY 08 PeYOA®V avOlYHAT®V (QOPEIS,
KOvOUG Yo avainym @optiov. Ady®m avTod TOV YOPOKTNPLOTIKOD, TPOCPEPOLY
onMovtikd mAgovekTHato o€ oxéon He TG OLHUPOTIKEG, HN-TTLGGOUEVESG
KOTOOKELES YL éva €uplh QAGHO EQAPUOYDV, EKTEWVOUEVO OO TPOCOPIVES
KOTOOKEVES Y10, 010¢popove okomovg (abAntikd M ekbectokd kévipa, amobrkeg
KTA.), OKOAMGIES, KOTOPVYLO EKTAKTOV OVAYKNG EOG AEPOSIACTNHIKEG EQAPHOYES.

To mpoto MépOc owTAG NG epyaciag omoteAeitor oamd Hio  eKTETAEVN
BBA0YpOQIKT OVOCKOTNON TOV TTUCCOHEVOV KATACKELMOV YeVIKOTEPO. XwpileTan
oe 000 TUNHOTO: OE MTVCCOHUEVEG KATOOKEVLEG Yol EMIYElEG €QOPHUOYEG Kot
TMTUGGOUEVEG KATUOKEVEG OYEOIOCHUEVEG Yo TO dtdotnpa. Amodidel amd T mo
APYIKEG KOTAGKELES TTOL YPNOLoTOMONKAY Yot TNV KATAKTOT TOL OlGTHATOG
€mC TIC MO TPOCPUTEG 10EEC, OTMC EMIONG KOl TNV OVATTVEN TOV TTUCCOUEVAOV
KOTOOKELAOV Y10l ENLYEEG U1 GUUPATIKES EQPUPHOYEG ELOTKDV OMALTGEWDV.

AxolovBovtag 1t vevikn PipAoypaeikny avoaokdmnor, Mo €01Kn  Kotnyopio
TMTVGGOUEVOV KOTAGKEVADV OEPELVATAL HIEEOOTKE: 01 TTVGGOUEVEG KATAGKEVES TTOV
TAPoLGLALOVY TO QOVOHEVO TOL akoplaiov AVYIGHOD. AVTEG Ol KOTAUOKEVEC
BaoiCovtar oty 18éa tov amokaAoVpevoy Xtoryeiov-THmov-Yordod (ZTWP).
Kdébe XTY amotereitar and 6vo pafdmtd HEAN cuvoedeéva ot HECT 1) EKKEVTPOL



amd évo mEIPO TOV EMTPENEL HOVO TN GYETIKY| OTPOPN TV Ovo Uel®V mept dEova
KGOETO 01O KOWO €MiMEdO TOVG, VM OeCHEVEL KABe GAAN oyeTiKn Metakiviion 1
otpoon. Ta XTY pe 1 oepd Tovg, cuvdvdlovrotl Peta&h Toug Yo vo oynpaticovv
emimedec M KOUmOAEC Paoikég MTLGGOUEVEC HOVAOEC ©€ OYNHA KOVOVIKOV
noAvyovev. Katoémyv, avtég ot Pacikég Hovadeg evavovtal, oKOAOLOMVTOG
OLYKEKPIUEVOVG TTEPLOPIGHOVE, Y10 VO, OYNHATIGOVY QOPELS IKOVOUG Yo Tapohofn
QOpTIOV.

Mo OgpeM®dong amaitnon oyedluclod TV eV AdY® TTUGCOUEVOV KOTAGKELMV,
elvatl 011 opeidovv va eivan evotabeic kot eAehlBepeg TAGEMY TOGO GTNV TANP®G
KAEWOT 000 KOU OTNV TANPOG OVETTLYMEVN KoTAoTaoN TOvG. 01000, Ot
EVOLOUECO YEMHETPIKA OTAOI KOTA TNV OOIKOGIOL TNG OVOTTUEEWMS TOVG,
acLUPATOTNTEC TV HPNKOV TOV HEA®V — OOHe®vVe HE GLYKEKPIUEVOVG
YEOHUETPIKOVG TEPLOPICHOVG — 00N yoHV otV avdmtuén Tace®mv, Tov £X0LV GaV
AmOTEAECHO. TO  QOIVOUEVO TOL aKOPLOioL AVLYIGHOU 7ov  “kAeddvel”  Tig
KOTOOKELEG OTNV TEAIKT] aVETTLYUEVN TOVG Katdotoon. Katd cvvéneia, 1 SOk
GUHUTEPIPOPE OVTOV TOV KOTOCKELMOV YOPaKTNPileTol amd YEMHETPIKEG HUn
YPOUUIKOTNTEG, VO amd TNV GAAN Hepld, N CLUTEPLPOPE TOL VAIKOD TPEMEL VO
nopopetvel ypappkd eEAACTIKT, £T01 AGTE Ol TVXOV TOPAUEVOVCEG TAGELS VoL NV
OTOUEUDCOVY TNV IKAVOTNTA AVAANYNG TOV POPTIOV AEITOVPYING TOV POpPEQ.

JVVENMS, OGOV aPOPA TNV OVAALGN, Ol TTVGGOUEVEG KOTUOKEVEG OPEIAOVY Vo
oyed1dlovtot yio 600 TeAElMG SLOPOPETIKES POPTIKEG KOTAGTAGELS:

Yo To @optic Asttovpylag oTNV TANP®G OVERTLYHEVI) TOLG Hoper), Omov 1
CLUTTEPLPOPE TOVG Eivar YPOHUUIKT KOl ETOUEVMG 1] OVIAVOT] GYETIKE OTAN, KO

KOTA TNV O1dpKeLn TG SLodIKaGiog avantHEEMS TOVG, OTTOV 1| ATOKPICT) TOLG Eivor
YEOHUETPIKA UM YPOMHLK.

Olo 1o mOpATAVED KAVOLV TOV GYEOOCHO OVTOV TOL €00V TTLOCOHEVAOV
KOTOOKELOV TOAD EVOLOQEPOV, EVD 1 APOUNTIKN TOLG TPOGOHOIMOT — EKTOG TOV
ot glvan arapaitntn — amotelel emumAéov Hio TpOKANGN.

>10 televtaio HEPOG aLTNG NG epyaciog avOAVETOL €va TTUGGOUEVO GUGTNHO
OKOAWGAG TOV Topovotdlel T0 PovOpevo Tov akaplaiov Avyispov. IapatiBetot
K6Oe @Aaomn ToV GYEOAGHOD TOL: amd Ta apykd BEHATH YEOUETPIKOD TYESOGHLOV,
¢ Bélato mPocooimoNg o€ AOYICHIKO TEMEPUACUEVOV OTOYXEI®V, EMAOYN
VMK®V Kot SITOU®V, Un YpopHiK avdAvorn Katd Ty avartuly] Tov Kot TeMKA,
MV PPN avaivon vrd o optia Aettovpyiag. O 6komdc avthg TG EPAPHOYNS
dev glval Timoto GAAO Topd va amodeiEel TNV eMTELEIUOTNTO KOl TOL TAEOVEKTIHATOL
AVTAOV TOV KATOCKELAOV, KOl TALTOYPOVO, Vo KEVIPioel 10€eg Yoo LEALOVTIKEG
EQOPHOYES KO TPOOTTIKES.

AbMva, Iavovaplog 1999
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SYNOPSIS

The deployable structures are, in their more general form, prefabricated space
frames consisting of many straight bars linked together initially in the factory as a
compact bundle, having the possibility to be consecutively unfolded into large-
span, load-bearing structural forms by simple articulation. Due to this
characteristic feature, they offer significant advantages in comparison to
conventional, non-deployable structures for a wide spectrum of applications,
ranging from temporary structures that can be used for various purposes (athletic
or exhibition centers, warehouses etc.), scaffolds, and shelters for victims in
emergency situations (for example after earthquakes or floods), to the aerospace
industry.

The first part of this work consists of an extensive literature review of deployable
structures in general. It is divided into two sub-sections: deployable structures for
earth-based applications and deployable structures for space applications. It
illustrates from the very first deployable devices used to conquer space to the latest
concepts, as well as the development of deployable structures for earth-based non-
conventional applications with special requirements.

Following the general literature review, a special case of deployable structures is
thoroughly investigated: the so-called Snap-Through Deployable Structures. These
structures are based on the idea of the Scissor-Like-Element (SLE). Each SLE
consists of two beams connected, in the middle or eccentrically, by a pivotal
connection that allows only the relative rotation between the two beams about the



axis perpendicular to that plane, while all other relative motions are restrained.
Several SLEs are combined together to form flat or curved basic deployable
modules in the shape of regular polygons. In turn, these basic modules are
connected together, following particular restrictions, to form assemblages that will
bear the service loads.

A fundamental design requirement of the snap-through type deployable structures
is that they are self-standing and stress-free both in their fully closed and in their
fully deployed configuration. However, at intermediate geometric configurations
during the deployment process, incompatibilities between the member lengths —
according to specific geometric constraints— lead to the occurrence of strains and
stresses resulting in a snap-through phenomenon that “locks” the structures in their
final deployed configuration. The structural response during deployment is, hence,
characterized by geometric non-linearities, while, on the other hand, the material
behavior must remain linearly elastic, so that no residual stresses reduce the load
bearing capacity of the deployed structure under service loads.

Consequently, as far as structural analysis is concerned, deployable structures

ought to be designed for two completely different loading conditions:

1. under service loads in the deployed configuration, where the structural behavior
is linear, thereupon the analysis is quite simple, and

2. during the deployment process, when the structural response is geometrically
non-linear.

All the above makes the design of this type of deployable structures very

interesting, while simulation and numerical modeling of the problem —apart from

being necessary— also become quite a challenge.

In the last section of this work, a deployable scaffolding system that exhibits the
snap-through behavior, is investigated. Every phase of its design is presented: from
the initial geometric design issues, to modeling issues using finite element
software, to the selection of materials and cross-sections, to its non-linear analysis
during deployment and finally to its linear analysis under service loads. The scope
of this application is nothing more than to prove the feasibility and the advantages
of these structures, while at the same time, to stimulate ideas for future applications
and perspectives.

Athens, January 1999





