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Estimation Formula for Longitudinal Restraint Stiffness of
the Middle Tower of Multi-tower Cable-stayed Bridge With
Crossed Cables by Considering the Effect of Tower and Beam
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Abstract; With the construction of Queensferry bridge in Scotland, the multi-tower cable-stayed bridges
with crossed cables have entered the field of bridge engineers. In order to explore the action mechanism of
crossed cables, considering the effect of tower and beam and ignoring the small level displacement of the
side tower, based on the principle of deformation coordination, an analytic formula for calculating the
longitudinal restraint stiffness of the middle tower of multi-tower cable-stayed bridge with crossed cables
was deduced, and a numerical example was carried out. The results show that the error between the
formula and finite element is within 8% , and it can meet the requirements of the conceptual design of

cable-stayed bridge. Crossed cables can make the beam deflection decrease, thus increasing the overall
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stiffness of the cable-stayed bridge. The overall stiffness of multi-tower cable-stayed bridge rises as the

number of crossed cables increasing. The displacement of middle tower reduction is up to 51% after 10

pairs of crossed cables are set, while the stiffness increase gradually slows down. The change of the

stiffness of the tower’s effect on longitudinal restraint stiffness of the middle tower for multi-tower cable-

stayed bridge is greater than that of the main beam, but the crossed cables play more important roles in

increasing the stiffness of the structure.

Key words: bridge engineering; multi-tower cable-stayed bridge; crossed cables; longitudinal restraint

stiffness of the middle tower; estimation formula
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Fig. 1 Simplified graph with deformation of cable-stayed

bridgeunder unbalanced live load
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Fig.3  Graph with structure deformation and parameter
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Fig.4 Diagrammatic sketch for solving da,
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Fig. 8 Side view of multi-span cable-stayed bridge (unit:m)
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Table 1 Calculation results without crossed cables

p/ HRES K K- FR I R/
kN fiF/m i F/m (kN-m™)
20 000 0. 486 -0.003 41 165. 8
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Table 2 Calculation results with crossed cables

23t HREEIK K Hhi
N N N j FREE I/
UK PR PGB/ PR
SOE4 m m ZH/% "
2 0.406  -0.011  2.71  4926l.1
4 0.345  -0.013  3.77  57971.0
6 0.299  -0.015  5.02  66889.6
8 0.264  -0.017  6.44  75757.6
10 0.237  -0.022  9.28  84388.2
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Table 3 Solving accuracy of longitudinal restraint

stiffness of the middle tower
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2 50349.3 49 261. 1 2.21
4 60 545.7 57971.0 4.44
6 70738.7 66 889. 6 5.75
8 80930.9 75757.6 6. 83
10 91 122.6 84 388.2 7.98
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Fig.9 Contrast graph with horizontal displacement

of the middle tower
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Fig. 11  Stiffness of beam effect on longitudinal

restraint stiffness
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