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Abstract — This study investigated the vehicle impact behavior and damage of reinforced concrete (RC) and concrete-filled steel
tube (CFT) bridge piers using LS-DYNA. The finite element model of the CFT pier was validated against impact test results. An
RC pier and an equivalent CFT pier with comparable flexural and shear capacities were analyzed under an identical impact
condition. The CFT pier exhibited lower maximum lateral displacement and less damage than the RC pier. Parametric analyses
of the CFT pier showed that, among the structural parameters, pier diameter and steel tube thickness significantly affected lateral
displacement, while impact velocity was the dominant impact-related parameter.
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Table 1. Key input parameter values of material models

Material |Parameter Explanation Value
BETA Tri-axial compression 0.0192
surface exponent
NC Rat.e effects power for 0.78
uniaxial compressive stress

D Brittle shape softening 0.10

parameter

Concrete
Rate effects power for
NT . . 0.48
uniaxial tensile stress
PWRC Shearjt.o-compressmn 5.00
transition parameter

PWRT Shear-to-tension transition 1.00

parameter
PR Poisson’s ratio 0.30
SRC Strain rate parameter, C 6844
Steel SRP Strain rate parameter, P 391
FS Failure strain for eroding 0.20

elements
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Fig. 1. Schematic of lateral impact experiment

Table 2. Material properties of the experimental specimen

Compressive strength | Maximum aggregate size
(MPa) (mm)
Concrete 64 25
Thickness (mm) Yield strength (MPa)
Steel tube 5 525
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Fig. 2. Comparison of experimental and numerical results
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Fig. 3. Pier cross-sections and vehicle model
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Fig. 4. Damage patterns after vehicle impact
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Table 3. Parameter values for parametric study

Parameter| Unit Bascline Analysis cases
value
600/ 650/700/750/
b | mm 750 800 / 850 / 900

b MPa 345 295/320/345/370/395
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¢ mm 11 5/7/9/11/13/15/17
ALR | % 10 5/10/15/20
7. | MPa 28 21/24.5/28/31.5/35
70/80/90/ 100/
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M, t 105 |0.6/0.825/1.05/1275/1.5
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