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Nonlinear Analysis of Flexible Giant

Ferris Wheel

ZHAO Fen' , DING Jiemin? , YANG Huizhu? , GUO Xiaonong*
(1. College of Civil Engineering. Tongji University, Shanghai 200092,
China; 2. The Architectural Design and Research Institute of Tongji
University , Shanghai 200092, China)

Abstract: Combined with a project example of flexible giant
Ferris wheel, mechanical performance of rim and cable was
analyzed. The rational initial prestressing force was chosen to
optimize the structural behaviour. The initial imperfection was
considered to perform the stability analysis of rim and overall
structure. Nonlinear buckling characteristics was researched.
Taking both the geometrical and material nonlinearity into
account, the elasto-plastic limit bearing capacity analysis was
carried out and its results comprehensively revealed the
structural characteristics. The results of analytical study
indicate that nonlinear characteristics of flexible giant Ferris

wheel is obvious due to the introduction of prestressed cable.
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Mechanical performance of the structure depends on the initial
prestressing force. The wheel consisting of radiate spoke
cables and space truss provides strong lateral stiffness as well
as torsional stiffness and the stability performance is
favorable. The

appropriate and its failure mode belongs to the strength

mechanism of plastic development is

failure. The elasto-plastic limit bearing capacity is so large that
the wheel can satisfy the need both for operating condition and

for storm condition.

Key words: flexible giant Ferris wheel; initial prestressing
force; geometrical nonlinearity; nonlinear buckling; material

nonlinearity; elasto-plastic limit bearing capacity analysis
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Fig.1 Structure system of flexible giant Ferris wheel
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Fig.2 Rim structure of flexible giant Ferris wheel
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Fig.3 Finite element model of flexible giant Ferris wheel
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Fig.4 Mechanical performance of spoke cable

and rim system
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Tab.1 Comparison of structural mechanics performance under dominant load combinations
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Tab.2 Buckling coefficients of wheel under

dominant load combinations
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44 35 4.00 5.43 5.69 3.13 2.36
g4 37 4.00 5.41 5.70 4.20 3.32
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Fig.6 Load-displacement diagram and buckling mode

of wheel under load combination 35
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Tab.3 Buckling coefficients of flexible giant Ferris

wheel under dominant load combinations

PR Bk 2B 3K BIRILA WEEL
RIS KRIE KPR SABE JRAMEE YR
mhR% MR iR R R
YW S 6.68 7.57 9.06 — —
HA1 6.73 7.36 7.71 5.56 3.96
414 6 6.73 7.29 7.63 4.77 3.58
44 10 6.72 7.29 7.65 5.35 3.81
2H4 35 4.05 4.87 5.36 3.32 2.57
2H4y 37 4.05 4.86 5.43 4.35 2.80
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Fig.7 Buckling mode of flexible giant Ferris wheel
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Tab.4 Plastic development mechanism of

flexible giant Ferris wheel
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