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Abstract

Taking an actual road-rail cable-stayed bridge as the research object, a finite element model was
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established. Based on the influence matrix method, the quantitative impact of the adjustment of
each cable force on the displacement of key unit nodes of the bridge was calculated. Two types of
objective functions for controlling structural deformation were established, and three intelligent
optimization algorithms, namely genetic algorithm, particle swarm optimization algorithm, and
simulated annealing algorithm, were selected as optimization tools to compare the optimization
results of different combinations of cable forces. The results show that in the optimization of the
main beam profile, the particle swarm optimization algorithm has better approximation to the op-
timal solution and faster iterative convergence time than the genetic algorithm and simulated an-
nealing algorithm. When only the smoothness of the main beam is used as the objective function,
although the profile of the main beam is improved, it will cause significant deformation of the bridge
tower. Using “straight tower and flat beam” as the objective function not only optimizes the profile
of the main beam but also significantly improves the deformation of the bridge tower, and the cable
force optimization results are more in line with the requirements of the actual engineering for the
final profile of the cable-stayed bridge.
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Figure 1. Three-dimensional finite element model of cable-stayed bridge
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Figure 2. Particle swarm optimization foraging iteration
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Figure 3. Evolutionary iteration of genetic algorithm
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Figure 4. Iterative process of simulated annealing algorithm

4. BB AXERIER S IE

FHPE 4 a1, 0 3 5000 KA A BAEGE N E N LER, 2 )5 FREERHAL, Tfe. R
21120s, FEAIEFNLSL.

DOI: 10.12677/0jtt.2025.146069 698 BB EEFW/N


https://doi.org/10.12677/ojtt.2025.146069

P, L

FERLR KRR B SRR E M MRS, BB S AORR R =R, BE R
i, B BEM MR Z W), 7 E D BSOS R R i X XD R A EH A& 2

NEBEBT B RN BOAT E g TR, A AN RERB AT I A .

10000 - . ﬁiiﬂi&kﬁﬁ%‘
B i i 3 A7
9000 | = e MR R .
8000 | = .
§ 7000 - * .
£ Pog
A
gﬂ 6000 - ‘A"’ i
A A
Y 1. 4%
= 5000 - A o
R W fas
v A P A
#4000 | 1 / e
[ ] ’A f‘x Az [ ]
3000 |- " “ “ )
2000 |- ‘ i
.lII. .' II..
1000 1 1 1 1 1 1 1 1
0 10 20 30 10 50 60 70
A S R

Figure 5. Cable adjustment of stay cables under different algorithms
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Figure 6. Main girder displacement
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Figure 7. Bridge tower displacement
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Figure 8. Alignment comparison of main girder
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Figure 9. Comparison of bridge tower alignment
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