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Abstract

Continuous rigid frame bridges in mountainous areas of Southwest China commonly adopt hollow
thin-walled super-high piers, which are susceptible to rockfall impacts during construction and ser-
vice stages, posing significant threats to structural safety. To investigate the influence of rockfall
impact velocity on the dynamic response of twin-deck hollow thin-walled super-high bridge piers,
this study takes a continuous rigid frame bridge with such piers as the engineering background. A
1:20 scaled finite element model was established using LS-DYNA, and the modeling approach was
validated against existing drop-weight impact test results of reinforced concrete beams. Based on
the validated model, the plastic damage distribution, impact force time-history characteristics, and
lateral displacement responses of the piers under different impact velocities were systematically
analyzed. The results indicate that with increasing impact velocity, the plastic damage of the pier
intensifies and expands from the impact region to the coupling beam connections and pier base.
Meanwhile, the peak impact force increases and the contact duration becomes longer, and second-
ary contact may occur at higher velocities. In addition, the lateral displacement response of the pier
is significantly amplified with increasing impact velocity, accompanied by a longer vibration period
and more pronounced residual deformation, indicating that the structure is more likely to enter the
plastic deformation stage under high-velocity impacts.
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Figure 1. Structural dimensions of prototype bridge (mm)
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Figure 2. Finite element model of super-high pier
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Table 1. Material constitutive model parameters
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Figure 3. Finite element model of drop hammer impact test
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Figure 4. Comparison of specimen damage
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Figure 5. Comparison of simulation results and experimental results
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Figure 6. Plastic damage cloud diagram under different impact velocities
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Figure 7. Impact force time history curves at different impact velocities

7. NEAERE THES D2

4.3. (LN
T AEAS RV FE 00 B 1) 2 A% o) 2 il 2R SR L AS O — 30, DAy i ol 4 m/s A 00 1,

DOI: 10.12677/hjce.2026.155111 23 TARTH


https://doi.org/10.12677/hjce.2026.155111

ENEE S

8 4 T 2B A BIMK R S 7 M BRI R R . I 8 wIAn, R BT, SN
PR AE LT [A] PR b A B IE WA, B S N ST IRBII B, IR B M B B R D B Uk A 2
THE. T LR ZRAFIE, ASCIRBUE & pi b 5 M I A E Ny SR B, XA R b B
Mr BRI R 1) AL W SR AT L A3 A, i o AR IBONAL A A I AR M 8 I ] 9, AHRE PRI AL RS (B X LU L AL
2.

/L
1/

5.00m
—— 4.50m
— 3.75m
—— 3.00m
—— 2.50m

A AT
A

T T T
1000 1500
i [A] (ms)

Figure 8. The time history curve of pier displacement at impact velocity of 4 m/s
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Figure 9. Pier displacement time history curve comparison diagram
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Table 2. Impact point and pier top displacement data summary
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