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Eicaywyn - Euxapiorie¢

O1 €QEAKUOUEVEG KOATAOKEUEG, TUAUO TWV OTTOIWV ATTOTEAOUV Ol
MEMBPAVEG, aTTOTEAOUV MIa ATTO TIG ONUAVTIKOTEPEG £EENICEIC OTOV TOUEQ
TNG QPXITEKTOVIKAG OAAG Kal TNG ETTIOTAUNG TOU TTOANITIKOU HNXAVIKOU,

KUPIWG KATA TO deUTEPO LICO Tou 20°Y aiwva.

O1 pepBpaveg, ol otroieg ATTOTEAOUV TO QVTIKEIUEVO QUTAG TNG
OIMMAWMATIKNAG  €pyaciag, eUPaviCoOvTal HOPQPOAOYIKA WG  ECAIPETIKA
COEPIVEG» KATOOKEUEG, Ol OTTOIEG ETTIOEIKVUOUV EKTTANKTIKA €AA@POTNTA
Kal avdraon. Ao TTAEUpAG OTATIKAG, Ol HEUPPAVES eival €TTIPAVEIAKOI
(POPEIG TWV OTToIWV KABE OTOIXEIWOEG TUAUA PpPioKeTAl UTTO dIALOVIKN
EQPEAKUOTIKA TAON, VW aTTOKAgiovTal N KAPWN Kal n BAiyn. Auth akpiBwg
N oTaTikr Toug AeiIroupyia atroTeAei Eva OeAEaOTIKO TTEDIO HEAETNG YIA TOV

TTONITIKO UNXAVIKO.
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Ol KOTOOKEUEG QUTEG €1I0AYOUV OTO KTIOUEVO TTEPIBAAAOV IO
agloonueiwTn KavoTopia: ammaAAdooouv 10 HATI TOU TTAPATNENTA ATTO TA
mapadooiokd —Bapid- UAIKA, e€vw HE TNV  TTOAUTTAOKOTNTO  TWV
YEWUETPIKWY TOUG HOPPWYV, UAOTTOIOUV TTEPICOOTEPO £va YAUTITO OTO
XWPOo TTapd Wi ouvnBiopévn pop@oAoyikr atroyn TTou PBpiokel Tnv

EQAPUOYN TNG O€ £va KTipIo atTd OKUPOdEUa ] XGAUBa.

Emi mAfov, ag onueiwBei 611 n peUPPAvVN aTTOTEAEI Ia 18AVIKN
TTEPITITWON OUVEPYAOIaG APXITEKTOVA KAl TTOMITIKOU HNXAVIKOU UE TNV
EVEPYO OUMUETOXN Kal TwV dUO 0€ OAa Ta OTAdIO HEAETNG, APOU N EUPEDN
oxAuato¢ (1° o1adio), OnAadf n pop@oloyikn avalAtnon TG
KATAOKEUNG, €ival appnKTa depévn Y TN OTATIKA avaAuon, 1o 2° otddio
NG avAAuong, Kal HAAIOTA PE ETTAVAANTITIKO TPOTTO. AuTO onuaivel OT
TTPETTEl VA ETTITEUXOEI 1I00pPOTTIO LETAEU TNG MOPYPNS KAl TWV ETTIOUUNTWV
evidoewv oTn MEUPBPAvVN o€ TETOIO ETTITTEDO, WOTE VA IKAVOTTOIOUVTAI Ol
APXITEKTOVIKEG KAl Ol OTATIKEG TTPOBIAYPAPEG CUYXPOVWG: aUTO UTTOPEI va
Yivel TTpaypaTiKOTNTa HOVo pEow OIadOXIKWY QOKIHWY (ETTAVOAAYEWY),
TTPAYHO TTOU ONUAIVEI TTWG O APXITEKTOVAG KAl O TTONITIKOG HNXAVIKOG
TTPETTEl va  A&IToupyrqoouv  cav  opada  Kal Oxl  HEUOVWMEVA, HE
OIOAAOKTIKOTNTA, HE ETTIXEIPAMATA KAl TTPOTTAVTWY HE EVOIQPEPOV YIA TO

QAVTIKEIUEVO.

O1 pepPBpaveg AoItov atroteAouv pia TPo(0)KAnon oTtn gavracia
TOU HEAETNTA HNXavIKoU. ATTOTEAOUV £€va  evdIa@épov, Kalvoupyio,
TTAOUCIO TTEDIO APXITEKTOVIKAG KAl OTATIKAG Bewpiag Kal TTpdgng, To OTToio
uTToOoTNPICETAI ATTO TNV ONUEPIVR €EEAIEN TNG TEXVOAOYIOG KAl TWV UAIKWV.
EAmidetal OTI O KATAOKEUEG QUTEG Ba TUXOUV OKOUN HEYAAUTEPNG
EQPAPUOYNAG OTO PEANOV.

H dimAwpatikn gpyacia autr &ekivnoe 10 MdpTtio Ttou 2000 kai
oAokAnpwOnke TOov OKTWRPIO TOU 108i0U £TOUG, OTa TTAQiCIa TNG
oAoKANpwonNG Twv oTToudwv pou oto EBvikd MetadBio MoAutexveio, 01O
TUAMA MoAITIKwy Mnxavikwy. O ouvOuaouOG APXITEKTOVIKAG KAl OTATIKAG

TTOU TTPOCQEPOUV OI PEMBPAVES, HE wBNoE va €MAECW TO QAVTIKEILEVO

XWpPig deUTEPN OKEWN.
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H epyacia amoteAsital amd 7 kepdAaia. 10 1° kepdAaio yiveral
Ha  Kkardaraén Twv KATAOKEUWV amo UEPBpdavn, e KpITHpIa TN
AeIToupyia, TN xPAOn Kalr T Hop@oAoyia TOugG. e KABE KaTnyopia
Tapatifevral Trapadeiypata Kal €IKOveS. XTo 2° Ke@dAaio yiveral
avagopd OTa UAIKA KATaoKeung twv peUBpavwy, T ouoTacn,
dnuioupyia, Ta €idn Kal TNV TTPAKTIKA €QAPUOYT TOuG. AKOUN, eEETAZETAI N
MUNXQVIKA CUUTTEPIPOPA TwV UAIKWYV auTwyv, dnAadr] oI UnxavikéS Kal
QuoiIkéc Toug 1010TNTeg. To 3° kepdAaio £fetdlel Oéuara @dong
Agitoupyiag Twv pepBpavwy, OTTwG QopTia, BEPUOUOVWTIKY IKAvOTNTA,
QWTIONOG, TTUPAOQPAAEId, OKOUOTIKN, KATT. XT0 4° ke@dAaio yivetal
ava@opd oto BewpnTikG UTTORABPO TNG dladikaoiag eUPeang OXNAATOG,
ou amoTeAei To 1° oTddIo avaAuong Twv pepBpavwv. EEetalovrar 2
pHEBodOI avaAuong: n péBodog Auvapikng XaAapwong kai n uébodog
Mukvérnrac Advaung. To 5° kepdAaio avagipetal oTn Sradikaoia
mapaywync oxediwv KOmA¢g. 10 6° KepdAaio yivetal Trapouaiaan Tou
Aoyiouikou avdAuong pepppavwy EASY, étTou avaAueTal BrApa-pApa
n dladikacia g0pgong oxAUATOg (1° oTadio peAETNG) Kal n dladikaagia
oTaTikng avdAuong (2° otddio peAétng). Téhog, oto 7° kepdAaio
TTOPOUCIACETAI Ia OEIpA TTAPAUETPIKWY avaAUoswy e TO EASY, Kai
eCayovtar  ypnoiua ouurrepdouara  yia T CUUTTEPIPOPA  TwV

HEUBPAVWV.

2710 onueio autod, Ba NBeAa va eKPPAcw TIG BEPUOTATEG EUXAPIOTIEG
pou oTov emBAETTOVIQ TNG SITTAWMATIKAG €pyaciag autng, ETTikoupo
kabnynty EMI k. X. Tavté, o omoiog TpodTeive Kai 1o Bépa. Ol
EUXapIOTiEG HOu Oev  TreplopifovTal poOvo oTnv  kabodriynon, oTtnv
ETTIBAEYN, OTN yVWON TTOU TTPOCEPEPE KAl OTNV AUEPIOTN CUUTTAPACTOOT
TOU OTIG TTPOCTTABEIEC OoU, aAAG KAl OTNV WUXOAOYIKA UTTOOTHPIEN TNV
oTToia  TTapeixe Katd T1n OIAPKEIQ EKTTOVNONG TNG €PYyACiag Hou. 2¢€
TTEPIODOUG TTOU ME TTEPITPIYUPICE N OKEWN TTwG Oev Ba kaTdépbwva va
KATOANEW O€ aTTOTEAECUA, N CUVEXAG TTAPOTPUVOT TOU YIQ ETTIMOVA OTNV
TTPOOTIABEIR, Kal N NOIKA TOU CUPTTaPAcTAon CUVETEAECAV a@AVTAOTA
oTnv oAokAfpwaon TG TPooTddeldg pou. H ouvepyacia pag utipée

ayoyn, ToTEUW E€CAIPETIKA ONUIOUPYIKR. MPOCWTTIKA aTTOKOMIoO aTTd
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auTh Tpia TTOAU ONUAvTIK& oToIXEia, TTOAUTIUO yIO T UETETTEITA TTOPEIQ
MOU: TIC OPETEG TNG UTTOMOVAG KAl TNG EPYATIKOTNTAG OAAG Kal Th onpacia

TWV KIVATPWYV OTIG dpacTnPIOTNTES TNG CWNG.

Akéun, Ba nBeAa eINkpIva va euxapioTiow Tov K. E. Moncrieff atré
TN yepHavikn eTaipeia Technet-gmbh yia Tnv ToAUTIUN BonBEIG TOU GoOV
agopd TIG odnyieg Xpnong Tou TTpoypdupatog EASY, Tov apxITEKTOVA
pnxavikdé kal  dleuBuvovta oUPPBOUAO  TNG €TalpEiag  HEAETNG  Kal
Kataokeung pepBpavwv ARKA SYNTHESIS LTD. k. I'. NikokaBoupa, yia
TV TTOAUTIUN BorBeId Tou KUpiwg o QWTOYPAPIKG UAIKO Kal Béparta
Kataokeung. EuxapioTieg ogeidw  emiong otov K. B. Koupouon,
AvarrAnpwTtA kaBnynti EMI kai otov k. E. Zatrouvt{dakn, Aéktopa EMIT,
ylo TNV OUUUETOXH TOUG OTNV ECETAOTIKNA ETITPOTIA TNG OITTAWUATIKAG
authG epyaoiag. Euxapiotw €Tmiong Tov  TTOMITIKO  HNXAVIKO  Kal
METATTTUXIAKO @oITNT EMIT K. |. FewpydTTOUAO YIa TN YEVIKOTEPN BorBeid

TOU.

TéNoG, Ba NBeAa va euxapIoTAOW TNV OIKOYEVEIA OU YIa TNV UAIKA
KAl WUXOAOYIKA UTTOOTAPIEN TTOU HoU TTapeixe Kad' 6An tn didpkeia Twv
TTOAUXPOVWY OTTOUBWYV HOU: XWPI§ TNV UTTOOTAPIEN auTr, dsv Ba Apouv
o€ Béon va TTPAYUOTOTTOINOW Ta OVEIPA Kal TIG PIA0DOLiEC ou. O@a Toug

EUXOPIOTW YIa OAa Kal yia TTAvVTA.

MAPIA HAIAAOY

OKTQBPIOZ 2000
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Abstract

Tensile structures, part of which are membranes, constitute one of
the most significant evolutions in architecture and civil engineering

appearing in the second half of 20" century.

Membranes (tents) are supposed to be extremely light, delightful,
appealing and modern structures. Considering their function statically,
membranes are surfaces every part of which appears to be under biaxial
tension, with no requirement to resist compression and bending forces.
Membrane structures offer a rich research field and promise a new era in

aesthetic of light construction.

Structures like membranes introduce a remarkable innovation in
the urban environment: they release one’s eyes from traditional-heavy-
materials. As they seem to be found in complex geometrical shapes,
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they form rather a sculpture in space than a usual “brutal” form of

concrete or steel.

Furthermore, it must be noted that membranes are an ideal case of
cooperation between architects and civil engineers, because they both
participate in all stages of analysis. Formfinding, the first step in
membrane analysis, where the shape of the structure is investigated, is
fully connected with the second step (statical analysis), in a way that one
or more iterations take place. That means that the total equilibrium of the
structure must be achieved, so that architectural and statical standards
will be fulfilled, and both architect and civil engineer would be satisfied.
Their combined effort is a matter of great importance for a desirable

result.

This work took place from March to October 2000 and submitted to
the Department of Civil Engineering of National Technical University of
Athens, in fulfillment of the requirements for the degree of Civil Engineer.
The thesis consists of 7 chapters. The 1%' chapter is an attempt to
classify membrane structures by their function, shape and use. Every
case is accompanied by photographs and examples. The 2" chapter is
an introduction to membrane materials and fabrics, with special
references in their components, creation, application, properties, etc.
The 3™ chapter focuses on matters of function of membranes, such
as loads, thermal insulation, lighting, fire-safety, acoustics, etc. The 4™
chapter is the theoretical background of formfinding (1% stage of
membrane analysis); 2 methods of formfinding are investigated: the
Dynamic relaxation method and the Force-density method. In the 5™
chapter the cutting pattern generation procedure is analyzed. The 6"
chapter introduces the membrane design and analysis program
called “EASY”. Here, the procedure of formfinding (1% stage) and
statical analysis (2" stage) is presented step-by-step. Finally, the 7"
chapter contains a series of parametric analysis diagrams, from

which some useful conclusions about membrane behavior,
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considering forces, stresses and deflections, in both formfining and

statical analysis, are extracted.

I would like to thank the supervisor of this thesis Assist. Professor
Ch. Gantes, deeply and sincerely, for his guidance, supervision,
assistance and most of all his moral support to my efforts. Our
cooperation was excellent. | believe this work would never come to an

end without his help.

Furthermore, | owe special thanks to Mr. E. Moncrieff from
Technet-gmbh, for his help on EASY program and to Mr. G.
Nikokavouras from ARKA SYNTHESIS LTD. for his help on matters of
membrane construction. | would also like to thank Associate Professor
V. Koumousis and Lecturer E. Sapountzakis for their participation in the

examination team of my thesis.

To my family, special thanks would never be enough; nothing could
be possible without their material and moral support throughout the

years of my studies. | owe everything to them.

MARIA ILIADOU
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