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Design and mechanical analysis of
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Abstract; A double-tower single-cable plane pedestrian steel cable-stayed bridge was taken as the research
object to establish a full-bridge spatial member finite element model with Midas Civil, so that mechanical per-
formance can be conducted under the action of dead load, live load and bearing capacity limit state. Mean-
while, the dynamic characteristics analysis was carried out. Research shows that for this kind of special-shaped
cable-stayed bridge, the bending moment effect of the main girder and the main tower caused by the live load
was more significant than those of the dead load. The maximum stresses of the main load-bearing components,
such as the main girder, the main tower, and stay cables, under the ultimate bearing capacity state were lower
than the allowable stress of the material, which meets the requirements of the specification. The dynamic char-
acteristic analysis results demonstrate that the in-plane stiffness of the main girder and the out-plane stiffness of
the main tower were relatively small. In addition, the local vibration of the sunshade accounted for a large pro-
portion in the high-order vibration mode, which would suffer damage under the action of earthquakes. The
first-order vertical natural vibration frequency of the bridge was 1.92Hz, which did not meet the requirements
of the current specification. It is recommended to take effective vibration reduction measures to control the hu-
man-induced vibration response.
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Fig.1 Schematic diagram of the structural layout of
the cable-stayed bridge (unit: mm)
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Fig.3 Internal force diagram under dead load
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Fig.4 Stress contour under dead load (unit; MPa)
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Fig.7 Vertical deformation contour under
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Fig.8 Stress contour under the ultimate state of

bearing capacity (unit: MPa)
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Tab.1 First five orders of frequencies and mode

participation coefficients of the bridge
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Z

X Y 7 X Y Z
1.92 0 0.04 026 234 0 0
2.54  14.31 0 0 001 1273 143
2.64 0.01 13.38 0.03 3995 0.0l 0
2.77 3.63 0.0l 0 002 181 6.74

3.59 0.12 0.02 0.18 003 043 0.02
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Tab.2 First five orders of frequencies and mode

participation coefficients of the bridge without sunshade
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Fig.9 Vibration modes of the double-tower single-cable-plane cable-stayed bridge
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Fig.10 Vibration modes of the double-tower single-cable-plane cable-stayed bridge without sunshade
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