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Abstract

With the rapid development of the transportation industry, the application of long-span continu-
ous-rigid frame bridge in the road network is becoming more and more extensive. However, the
coupling effect between the vehicle and the bridge will have an important impact on the safety and
durability of the bridge structure and the comfort of the vehicle. In this paper, based on multi-body
dynamics (MBD) and finite element analysis (FEA) methods, a vehicle multi-body dynamics model
is established in SIMPACK software, and a finite element model of a long-span continuous-rigid
frame system bridge is established in combination with ANSYS software to carry out vehicle-bridge
coupling simulation analysis. The results show that when the bicycle passes through the five-span
continuous-rigid frame system bridge, the vertical displacement time history response of each span
is symmetrical about the middle span of the middle span. The road roughness has a significant effect
on the vehicle-bridge coupling vibration. The impact coefficient of the bridge gradually increases
with the increase of the roughness level, and the driving comfort gradually decreases with the in-
crease of the vehicle speed under the B-level road roughness excitation. The impact coefficient will
exceed the standard limit in some calculation conditions.
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Figure 1. Technical route of this article
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Figure 2. Vehicle dynamics model
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Figure 3. Wheel-road contact model
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Figure 4. Three dynamic vehicle models
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Figure 5. Bridge side view
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Table 1. Frequency change before and after bridge model import
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R TN 5 HTHIZ (Hz) (rad/sec) F G 8% (Hz) (rad/sec) W7
1 0.858 0.853 0.3%
2 1.007 1.000 0.7%
3 1.079 1.060 1.9%
4 1.224 1.189 2.9%
5 1.266 1.177 3.9%
6 1.321 1.273 4.8%
7 1.421 1.404 1.2%
8 2.049 2.019 1.5%
9 2.238 2214 1.1%
10 2255 2255 0%
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Figure 6. Road surface irregularity of each grade
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Figure 7. Vertical displacement time history curve of each span
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Figure 8. Time history of mid-span displacement response at different speeds
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Figure 9. The mid-span displacement response time history of side span and sub-middle span at different speeds
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Figure 10. Vertical vibration acceleration in mid-span
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Figure 11. Impact coefficient at different speeds
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Figure 12. Driving comfort changes with vehicle speed
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Figure 13. Vibration acceleration response under road irregularity
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