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MepiAnyn

Ta diktua kaAwbiwv xapaktnpilovtal yla TtV LKAvoTNTA TOug va
HeTadEpOUV Ta PopTia avamtuooovtiag HOvo €PeAKUOUO oTa
HEAN TOUG LE OTOTEAECHA va ALOTIOLOUV TO UALKO KOTA TOV
BEATLOTO TPOTIO KAl £TOL VO KAAUTITOUV HLEYAAQ avolypota Xwpig
eVOLAUEDEC OTNPLEELG KoL pe ULIKPO (6lo Papoc. Emedn eival
EUKOUTITEG KATOOKEVEG QVANMTUOOOUV UEYAAEG TAPAUOPDWOELS
KOl ETTOUEVWG TIPETIEL VO QVTLUETWTTLIOVTOL WG YEWMETPLKA N
VPOUULKA cuotipata. ZKomog e Statplpng eivat n dtepevvnon
™G SUVOULKAG oUUMEPLPOPAC SIKTUWV KAAWSIwY UTO apUOVIKA
doptia koL Opdcelg avépou kat N Swatumwon odnyLwv
oxeblaopol. Epdaon Oilvetal otnv €punveia pn  YPOUULKWY
Suvaplkwv  poawvopévwy, OmMw¢  evoAlayn  Wlopopdwy,
KAUMUAWON Twv Olaypappdtwy omokplong oe BepeMwdelg
OUVTOVLOMOUG, €KONAWGON UTIOOPHOVIKWY KOl UTIEPAPUOVLKWY
CUVTOVLOPWV 1 €€QpTNON TNG LOVLLING ATTOKPLONG ATTO TLC OLPXLKEG
OUVONKEG, TIPOKELMEVOU Ol OUOUEVEIC OUVETELEC QAUTWV TWV
dALVOUEVWY VA UTTOPOUV VA EVIOTILOTOUV Kal va amodeuxbouv.
2tn StatpBn peAetwvral ta €EAC InTrRpoTa:

o Alepevuvnon eflowong kivnong povoPfabulouv cuoTHUATOC
S1ktuou KOAwWSILwY - epdavion pn YPOoUUKWY GaLVOUEVWVY.

0 YmoAoylopog dloouxvotntwyv  TOAUBABULWY  SkTUWV
KaAwSlwv HE XpNoN TPOTEWOUEVWY NUL-EUTIELPLKWV
OXECEWV, LE OTOXO TNV amoduyn CUVTOVIOUWV.

o Ektipnon O6uvapikng amokpiong moAufabuiwv Siktuwv
KaAwdilwv pe xpnon avaAutikwv AUCEwvV Looduvapou
HOVOBABUIOU CUCTAMATOG, UE OTOXO TOV EVIOTILOUO TWV
ouvONKwWV ek6NAWONG KN YPAUMLKWY POLVOUEVWV.

0 Awepelvnon €mMPPONG TNG XWPLKAG KATAVOUNG OPUOVLKWY
doptiwv otnV anokplon Twv SIKTOWV KOAWSLwv.

o Emppon twv ouvOnkwv otApEng tTwv SIKTUWV KoAwbdiwv
otn duvapLkn Toug cupmepldopd.

0 2Uykplon tng akpifeLag LooduVAUWY OTATIKWY HEBOSWV e
KN YPOUULKEG SUVOLLKEG avaAUOoELS yla dopTia aVEUOU.

Isabella Vassilopoulou

Mn ypoppkr) SUVAHLIKA OITOKPLON KO OXEOLAOHOG SIKTUWV KaAwdiwv

Nonlinear dynamic response and design of cable nets
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O Aiktuo kahwdiwv pe akAdvnteg otnpifeig / Cable net with fixed supports

@ AikTuo KOAWSLWVY e TTOPAPOPDWOLHO TIEPLUETPLKO SakTUALo / Cable net with deformable boundary ring
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Abstract

Cable nets are characterised by their ability to carry loads
developing only tension in their elements, thus exploiting
material in an optimum way and having the capacity to cover
long spans without intermediate supports and with small self
weight. Due to their flexibility they exhibit large deformations,
therefore they must be treated as geometrically nonlinear
systems. Aim of the dissertation is to investigate the dynamic
behaviour of cable nets subjected to harmonic loads and wind
actions, and to provide design guidelines in order to improve the
response and protect the structure from undesirable effects.
Emphasis is put on the interpretation of nonlinear dynamic
phenomena, such as modal transition, bending of the response
curve under fundamental resonance, appearance of subharmonic
or superharmonic resonances or dependence of the steady-state
response on the initial conditions, so that the adverse effects of
such phenomena can be detected and avoided. The following
issues are studied:

o Investigation of the equation of motion of a single-degree-
of-freedom (SDOF) system of cable net - occurrence of
nonlinear phenomena.

o Estimation of the eigenfrequencies of multi-degree-of-
freedom (MDOF) cable nets proposing semi-empirical
formulae, in order to avoid resonances.

o Assessment of the dynamic response of MDOF cable nets
using analytical solutions of an equivalent SDOF system,
aiming at detection of the conditions under which
nonlinear phenomena take place.

o Investigation of the influence of spatial load distribution on
the response of a cable net subjected to harmonic loads.

o Influence of the boundary conditions on the cable nets’
dynamic behaviour.

o Comparison between quasi-static methods and nonlinear
dynamic analyses regarding wind actions.
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XwplkA Katavoun appovikol ¢Gpoptiou Kal XapaKTnPLoTKOoL KOpPoL. 2

OVTLOUUUETPLKEG POPTIOELG OL OPXLKEG OUVONKEG EMNPEAIOUV TN LOVLUN ATIOKPLON
yla LeyaAUTeEPO €UPOC CUXVOTNTWV Tou PopTiou OE OXEON LLE TNV OUOLOpOoPdN
doption. H mapouacia tou mepletpkol SakTUAlou PETABAAAEL TNV ATOKPLON TOU

Siktuou KaAwbdiwv povo os opoldpopdn poption.

Spatial distribution of harmonic load and characteristic nodes. For antisymmetric
loading, the initial conditions influence the steady-state response for a larger range
of the loading frequency, with respect to the uniform loading. The presence of the
boundary ring alters the net’s response only to uniform loading.

Issue 10-11, pp. 1689-1703, October 2012.

Vassilopoulou, I. and Gantes, C. J., “Nonlinear dynamic response of
MDOF cable nets estimated by equivalent SDOF models” in
Computational Methods in Earthquake Engineering, Computational
Methods in Applied Sciences, Vol. 30, pp. 345-379, M. Papadrakakis
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Amnokplon o€ avepo. Mapatnpouvtat LEYAAEC StopopEC petafl oTaTIKAG Kot SUVAULKAG amokplong. Kabwe avéavetal n mapdpetpog A2, to
TAATOC TNG TOAAVTWONG HELWVETOL. AOYW TWV PLKPWY CUXVOTHTWY TOU OVEUOU OE OXEON LE TLG LBLooUXVOTNTEG TOu SLktUou, ekdnAwvovtal
umepapuovikoi cuvtoviopot. Ot .ooduvapeg otatikeég LeBodol Sev umopouv va poBAEPOUV UN YPAUULKA SUVAULKA dalvopeva Kal Sev
propoLv va BewpnBouv wg akplBeig yia TNV avaAuon Kal To oxeSLaopd SIKTUWV KOAWSLwv.

Response to wind. Large differences between static and dynamic response are observed. As the parameter A? increases, the oscillation
amplitude becomes smaller. Due to the small wind frequencies with respect to the eigenfrequencies of the cable net, superharmonic
resonances occur. The quasi-static methods cannot predict nonlinear dynamic phenomena, thus they cannot be considered as accurate for the
analysis and design of cable nets.
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MNodnAatodpdputo, Aovdivo, AyyAia
Velodrome, London, England
(2011)

2tadio Elprivng kat Qkiag, DaAnpo, EAGSa
Peace and Friendship Stadium, Faliro, Greece
(1983)

Dorton Arena, Bopeta KapoAiva, HNA
Dorton Arena, North Carolina, USA
(1953)

Aiktva kaAwdiwv. To mpwTto Siktuo KaAwdiwv Ntav to Dorton Arena. Itnv EAAGSQ, XapOoKTNPLOTIKO
napadelypa anotelet to 2tadlo Eiprivng kat Diag. To NodnAatodpouto Tou Aovdivou eival to mio
NMPOodATO MAPASELYA TETOLWY KATACKEUWV.

Cable nets. The first cable net was the Dorton Arena. In Greece, the most representative example is
the Peace and Friendship Stadium. The Velodrome in London, is the most recent structure of this kind.

lal4 £ AUE&non ocuxvotntog doptiou / Increase of loading frequency

Q, —p

3-5: Anotopn peiwon andkplone / Sudden decrease of response

Q, a:1-2-3-5-6
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Meiwaon cuxvotntag ¢poptiouv / Decrease of loading frequency

Q —p O

4-2: Antdétopn avénon andkplong/ Sudden increase of response

a:6-5-4-2-1

0, Q, 0, Q
a: MAAToG amokplong / response amplitude

H péylotn amokplon und BepeAlwdn CUVTOVIOUO TTOPATNPELTAL YL CUXVOTNTES POoPTiou LEYAAUTEPEG OO TN CUXVOTNTA TNG KATOLOKEUNG.
The maximum response under fundamental resonance is observed for loading frequencies larger than the system’s frequency.

KapunuAwon Staypappatog andkpiong. MNa cuxvotnteg poptiou petadu Q, kat Q; TpeLg KAadot
TIAPLOTAVOUV TN HOVLUN armokpLlon: 2-3 (evotaBng), 3-4 (aotabnc) kat 4-5 (evotadng). OL apXLKEG
ouvOnkeg kaBopilouv molog amnod toug SUo evotabeic KAASOUG MPAYULOTOTIOLELTAL.

Bending of the response curve. For loading frequencies between Q, and Q; three different curves
represent the system’s response: 2-3 (stable), 3-4 (unstable) and 4-5 (stable). The initial conditions
determine which of these two stable responses is realised.
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1" GUUUETPLKA
15t symmetric

3 Wise
E: Meétpo shaotikotntag / Elastic modulus
A: Awotopn koAwdiwv / Cable area

No: Mpoévtaon / Pretension

f: BéMog/ Sag

L: Avoiypa / Span
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1" avTLOU LUETPLKA Ttepl évav afova
15t antisymmetric about one axis
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Modal transition
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1" avTLoU LUETPLKNA Tiepl SUo doveg
15t antisymmetric about two axes

M: ErukopBia pala / Nodal mass
N: MARBo¢ kaAwdiwv / Number of cables
m: Katavepnuévn palo kaAwdiwv / Distributed cable mass

EvaAlayn t8Lopopdwv Kot NL-EUMELPLKOL TUTIOL LBLOCUXVOTATWV.

Modal transition and semi-empirical formulae of eigenfrequencies.
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Similarity relations
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looSUvapo povoBadpio cvotnua
Equivalent SDOF system N, +1
Dp m

5 N +1

Kevtpuc kéuBoc P: ®oprio / Load

No: Mpoévtaon kaAwdiwv / Cable pretension

looSuvapo povoPaduLo cuotnua
D: Adpetpog kodwSiwv / Cable diameter Equivalent SDOF system ——
MoAuBaduio cuotnua XWPLG apxLKEG cUVONKEG

MDOF system with zero initial conditions @

M: MdaZa kaAwbiwv / Cable mass

Tﬂ,h"’ i
(32 WO N ,

p,u‘)"ﬂ?‘,‘r},},“ VAL i N: MAnBog kahwdiwv / Number of cables
. MoAuB&Byo obatnpa / MDOF system MoAuBaBpo cuoTnUa LE OPXLKEG CUVONKEG
MoAuBaBuLo clothua b H he y MDOF system with initial conditions O

MDOF system m: MovoBaduio cvotnua / SDOF system

looSUvapo povoBaduio cuotnpa. H anokplon Tou KeVIpkol kOUPBou moAuBaduLou Siktou
KaAwSiwv uTd opolopopdn ApUOVLKN) GOPTLON EKTLUATOL LE LKOVOTIOLNTLKA akpiBela
XPNOLLOTIOLWVTOC TG OVOAUTLKEG AUOELG EVOC LoOSUVOOU LOVOPBAOLILOU CUCTAMATOC KOl OXECELCG
HUETAOXNUOTLOUOVU.

Equivalent SDOF system. The response of the central node of a MDOF cable net subjected to uniform
harmonic load is estimated with satisfactory accuracy using the analytical solutions of an equivalent
SDOF system, and similarity relations.




