INSTITUT FOR BEARENDE KONSTRUKTIONER OG MATERIALER

Bridges with
Spatial Cable Systems

theoretical and experimental studics with special
emphasis on lateral buckling stability of the girder

TINA VEJRUM

DEPARTMENT OF STRUCTURAL ENGINEERING AND MATERIALS
TECHNICAL UNIVERSITY OF DENMARK  Series R No19 1997

DU

e e Sm—

> |



TABLE OF CONTENTS

TABLE OF CONTENTS

11
1.2
1.3
14

21
22
2.3
24
2.5
2.6
2.6.1
26.2
2.6:3

3.1
3.2
33
331
3.3.2
333
334
34
34.1
3.4.2
35

INTRODUCGTION ......oooceeiiiiiiesseiisesssssessosssssssasessssssssssassssesasssstsossasssstsssessassssssssasasses i}
Historical development in the 20th Century ..., 1
FUtUre PrODIEIIS ......cooveiiiiiiiiiiiiininnesesse ettt sttt 4
Background for this Project ..o 5
Aim of this project e S 8
LAYOUT AND DESIGN OF PROTOTYPE BRIDGE ......c.ccccoviiinnne. 11
INEEFOAUCLION ......oeoveereieceeiiiieeiesesreesteeeesestissseesssssssassssasasaseesstsosstssssnssnasssssssssassass 11
Overall layout of cable-stayed Bridge ... 12
General presentation of four layouts of the spatial cable system ................... 13
Bridge SITAEr .......c.cccieeremiiiiiiirieieieiesre et 18
Pylon structures and interaction with cable system ..o, 4
TR s s wmman e RS R R S R NSRS 3 24
e Yol e nmpnmmsussssomnisssssssamsssssmnisss b 25
VUL o o mcame o 5 B A SRR S0 T Y e VRO RS b SRR N e m s e R A 25
TEEAETRE: vccuvor s sumspmmarssmsiansssnsnssn oS mmARs A S S SRR AR M S e AR 26
OVERALL GEOMETRY OF SPATIAL CABLE SYSTEM .....cc.cccoiiinne. 27
INEFOAUCHION ..oeooeveeeiieeiieeierreeiteeesieeeseaeeesessssssanaseeas s e sa s n e soat s e e se b b e s s e s nas b b snssnnasass 27
Basic assumptions and idealizations ... 28
Analytical analySes ........ccocirmemimininiieie s 30
Quantity of cable steel in stay CabIES .....ocvmiiimiiiice 30
Quantity of cable steel in anchor cables ... 36
Quantity of steel in PYIONS ..ocuereueieniieinicnii s 39
573 foswaits 1) 51 OOV P TP UOMOI < - = T 42
Parametric STUAIES .........coooiiiieeiieeieirierre e r e 50
MALETIAL COSE verernrnrirrreererreessseeesasasmaresesesssssssssssnesssnasssssatsssssssramsssnissnnssssanss 50
DIETTERTIOTIS: civvsccsssosmmmsnessorsasumsmssssnssspensessmeinsieass AR s 55

Conclusions on analytical analyses and parametric studies ..........c.cccoeneeenen. 61



0,
6.1
6.2

TABLE OF CONTENTS

FINITE ELEMENT MODELLING AND DEAD LOAD GEOMETRY ......... 63
INETORIBEION. o m it s RS AR SRR 63
R EIINE o e R A A s B RO 63
Diaid 1680 BERMIOEEY: . o:onominimuimaiis s s s s s s 66
Dinensions 0L BabBIes: iemummisaminmimt s s s an irssiens 69
Al COMIPTESEIa I PIHEE . s 71

STATIC BEHAVIOUR AND STABILITY OF FOUR LAYOUTS OF THE

SEPATIALCABLE SYSTERNT soiosiniuiamnsmmes s i 79
IRMLEOIVARRRUIER. s S A A S S R B A RS s 79
oL TR R T— 80
Wind on, SHUEHIIe ceumsssimannmsnmsi s i e 80
I TR o i A AR S A S R S S R 86
Nl aad cerEiie TaHE: JORES s 89
Buekling SEABIIEY ..cooonummsmrosnnsnsssmomnsssosimms s onis s ah s s 92
Eaenrvalue. SUNIVEES: v s e R B S e 92
CEptietm el NORINEHE GBI s A e 99
Parametric study on torsional stiffness of girder ............c.ccccoevvevierrvvrcrrennnnen. 101
STatic DEIAVIOU s smumssimms s e s B i RS S B AR 101
Buckhng stabilihy . oommapmmmumsmmmismsiosisse s 103
Conclusions on FE-analyses of prototype bridge ..........c.cccocoeeeieinieeneceenne. 105

DESIGN OF PHYSICAL MODEL AND PLANNING OF TEST SERIES.. 107

ITTORIELIONT s i mi s s R  S E 107
AR D TG BOHCL 1EEL coismenmmmmin e e i i 108
Dieion 6L e MIOEL. oo s s Pt 109
Basie chowes: Cable avsiom ..conmsnsmsmm s s i 110
Banic choices: BUnbiuial BRI e 110
Basic chodsk: HEGREReal JEREE SPHIE onmmmmsmsmsassmismiinibis 111
Busic chices: Logting: .uramsmesesimmmmmmpmmmsios s s os s 1Ll

ot libde T EQUITEINEIITS wswssimmsscomsssss i st issastsns 111



TABLE OF CONTENTS

6.3.6
6.3.7
6.3.8
6.3.9
6.3.10
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.5
6.6

7.1
7.2
Ta2:l
1:2:2
73
731
1D
133
7.3.4

8.1
8.2
8.3
831
8.3.2

Wlrrate stren ot oo o R R e R S SRR 112
Idealizations: Number of cable sets and their axial stiffness ................. 113
Idealizations: Girder geometry and material ..........cccoevieiiiniininiiinnnne. 114
ldedlizations: Pylon sGRess cwuasamsmmmmnsnmsmesmsrnsmmessseses 115
Frnal YOI s i e i s s s s i 120
TeSt ProCEAUTES ......cccoooiieieieeieeete e e e s e s mne s s snaes 124
Poesitionof gisder ... 124
T A — 125
In situ stiffness of cylindrical SPHNGS .......ccooomsensmcsnassnsasssssssississsssasissssse 125
Sectional forces in EIrder .......ccccveereruerieerieriisecre e 126
‘Twvist ab- freecend of BITOEE wusarssmmmmmpssmmimm e 127
B L T — 127
Reference load geomgtry ...................................................................................... 130
RESULTS OF MODEL TEST ouiuommvasarsmiumsmsssssnsissessrssassysss s 131
I ONCEIOIY ... cncenenssnssnesnansnennnsessnsnnsnsinnisinnssisssinh s iam e B S SR A 151
Preliminary testS ..ot 132
Structural foatures of BIder wuuemummrinssmasmmm s s 132
Calibration of evlindrical tension SPRINES wovesssssimmmmsmms s 135
Bridge model tests ...........oooeeiiieiiiieii ettt e e e 137
Dietlcelioi Aadeblieslllanl] <o cvnorcammmmmoensosaaimmsmmsmesmaonamsso 137
Cable forces and in sitn Spring reSPONSE «.scusssmsssmusssrsmsvsssrssssvsvsseisnse 151
Girder-normal foree and bending MOMEHLS s 175
Control Of teSt TESUILS ..ciceereieeereecraneceeeeee e e e e e e eme e e s e e e e 195
CONVIPARISUINS i o s i s s sssyori s s s s s s s sy 199
INECOABEHON. .....ccsosenmarsenssmmassseasansesnsamsenanssssmasois sbnss il daA Sas AN A S SR 199
Comparisons of test results mutually ...........ccooooiiiiiiniie, 199
Comparisons of test results with FE-predictions ...........c.ccccoecicnininininnnnnen. 205
B 11T 206

Eigenvalue buckling analyses ........cccccccevvimiiiiiniiiiniiiniiniiiesiicsieensens 208



A3

K14
NA
LEN

WAl

vl
V.2
v\
v
v.8

TABLE OF CONTENTS

Nonlinear calculations, behaviour in vertical direction ..........ccccceevuenees 214

Nonlinear calculations, behaviour in lateral direction .........eeeeeeeecveeeeenens 227
Conclusions on model TeSt .............oocccoirirersamersscccsiscsnssnsassossensssssnsessassssnsnsssaseos 233

Contlitions OnEXPEFIICHLS wuewoscussmomey iy A PSS 233

Gonglusions on FE-calemlafions aowmumansmimsssmsmmismmsmssissimiing 235
SUMMARY AND CONCLUSIONS .......iicenieeesescnresessessesssessesaenes 239
HOHucHON s s R R 239
Analytical analyses and parametric studies .............cccocooveiiviriiiiieiiiciireeenen. 240
FE-calculations on four layouts of the spatial cable system .......................... 241
IVEORIEL BB i svminmmmmvssinsimiss s amsmeminans s e e e o S e o i oS s s s 242
T i g R — 244
LIST OF REFERENCES .............ooooiiereienteiiniiratnniiasesssessessnssssnsasssessessssssessas 247
NOMENCLATURE oo s s s s 251
BEEHNDIER: B comimionsiiomsiiiohbasmiminmamsniomibsimis s s e s 257
APPENDIX B 1ocomimsnimssmssninmissmons s sm i i s s s i 261
AFPEINDLR. & 5o o s s s s G i mssasiss 267
RN M st iiisilesiismmmmsssim bt 275
BAPEERRINCE cicoismiictbmsmbmssismmmemnilasihinms e 279

APPENIMIR. T ... cuousussmmimusmonis s vesssss s ssi s s s o s s s it 287



	1
	2
	3
	4
	5

