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Influence of Multiple Square Loops—string Dome Subjected to Cable Failure
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Abstract : Multiple square loops—string dome is a newly suspen—dome structure, and cable failure shows signifi—
cant effect on multiple square loops—string dome structures. This paper used the Fuzhou Strait Olympic Center Gym—
nasium as the research background to study the effect of cable on the vertical stiffness of the roof , the internal forces of
the roof and the ultimate bearing capacity,and safety capability evaluation of the cable failure roof was carried out.

The analysis results show that the vertical deformation of the roof can be reduced after cable failure. Among them, the
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failure of the outer loop cable causes the maximum vertical deformation. However, various vertical deformation distri—
butions subjected to different cable failure are generated. The failure of either the outer loop or string cable can in—
crease the tension force of the adjacent cable significantly. The interaction between the outer loop cable and string ca—
ble is greater than the mutual influence between the other loop cables; Ultimate bearing capacity of the roof can be re—
duced when cable failure occurs, which reaches the minimum value when the outer loop cable fails. It should be noted
that “Only one side string cable failure” causes more serious deflection and less ultimate bearing capacity when com—
pared with “two side string cable failure”. In all, failure of the outer loop cable is the most serious case,which causes

that vertical deflection increases by 134% ,the cable tension force of adjacent cable increases by 11.7% ,and the ulti—

mate bearing capacity reduces by 35%. However, the residual roof structure is still in a safe state.

Key words : multiple square loops; beam string; domes ; cable failure ; ultimate bearing capacity
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Tab.1 Parameters of cables

A MR AR /mm LR B mm® BT/ AN
P5x91 55 1787 2984
D5x139 66 2729 4557
D5x253 87 4968 8297
D5x409 110 8 031 13 412
D7x337 141 12 969 21 658
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Fig.1 Finite element model
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Fig.2 Numbering diagram of key components
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Fig.4 Comparison of roof vertical displacement
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Fig.6 Stress of the intact roof (unit: MPa)
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Tab.2 Stability checking of stay bars

WHE IR SRR k&R
i H
Cl11 c21 €31 €35 (43 (44
K /m 9 9 9.5 13 11 8.5
FeRE S PIKN 440 781 1201 455 616 411
R F1/MPa 32 43 66 25 34 23
©*f/MPa 174 203 193 132 212 164




EREL] RS  hr RO 2 DU IR 7KL S T A2 87
R3 REREEEEFEARSTAKERREAS
Tab.3 Axial forces of horizontal cables in the intact roof
NIHFER thIAER SAAE b 373 2¢
i H
H11 H12 H13 H14 H21 H22 H23 H24 H31 H32 H33 H34 H41 H43
HWH/KN 501 381 501 379 953 672 953 740 2 281 2759 2281 3192 2565 2 565
R4 ZEREEEEERARSTRERD
Tab.4 Axial forces of oblique cables in the intact roof
NIHER hIE SAAE b 3732
i H
X11 X12 X13 X14 X21 X22 X23 X24 X31 X32 X33 X34 X41 X43
HH/KN 792 739 739 792 1487 1354 1354 1487 4348 3815 3815 4 348 2828 2658
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Fig.7 First order linear bucking mode of the intact roof
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Tab.5 Axial forces of horizontal cables after different cable failures kN
(A ETh= H11 H12 H13 H14 H21 H22 H23 H24 H31 H32 H33 H34 H41 H42
H31 354 269 354 268 824 582 640 825 - 42 50 42 2846 2 847
H32 354 269 354 268 823 581 639 824 54 — 54 77 2846 2 846
VD
X31 353 268 352 267 822 580 638 823 38 51 48 28 2852 2844
X32 354 269 354 268 823 581 639 824 30 46 48 56 2846 2 846
H41 415 316 415 315 921 650 715 922 2367 2863 2365 3312 — 2 258
PaEKks%
X41 415 316 415 314 921 650 715 922 2361 2863 2365 3312 15 2 257
H41,H42 330 251 330 250 829 620 682 879 2428 2937 2428 3397 — —
Wik 5%
X41,X43 329 250 329 249 878 620 682 879 2427 2937 2427 3397 15 14
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Tab.6 Definitions of cable failure cases

T TH1  TH2 T3 TH 4 THS

KRR HIL H21 H31 H41 H41,H42
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Tab.7 Change rate of cable axial force after

different cable failure %0
g 5 TBH1 T2 TH3 TH4  THS
MR HI12 -100 0.6 -31.6 -19.8 -34.8
SRE7N H22 0.5 -100 -15.0 -5.0 -8.9
HRFR H32 -3.7 -4.2 -100 3.6 6.1
K%
H41 -9.1 -6.5 11.7 -100 -100
()
K%
-9.1 -6.5 11.7 -11.4 -100
(Pafm)

ANARIAE CTH 3), RIS RN L84 E
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