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Abstract: With the large-scale construction of highways, railways and urban overpasses, the number
of overpasses has increased sharply, significantly raising the risk of bridge piers being hit by vehicles.
To address the shortcomings of current protective devices for railway bridge piers against vehicle colli-
sions, a structural form of an aluminum foam-based energy dissipation device was proposed. This
study combined static compression tests, drop hammer impact tests, and finite element numerical sim-
ulations to investigate the physical and mechanical properties of the buffer material in the anti-collision
device and the dynamic impact response of the vehicle during collisions. The results showed that the

three-layer aluminum foam-polyurethane-aluminum foam composite structure, under test conditions 3

x UHs B HE:2023-02-28; f& B B #§: 2023-04-04
EETHE 2 MNPRE R B A BRA R BRI H C2BER2022-025) ([ 5K 1 2R FF 24 564 01 H (42207232) % 1)
EBEE A B3GA(1975—) B g TR, 328k A RIS . E-mail:1162753716@qq.com
BARIEE IR (1991—) , & AF5E 0L, it . RN G b s 1% A IS¢ . E-mail: yansx@cdut.edu.cn

1041



and 4, achieved the best energy absorption performance. Its energy absorption density (EA), specific

energy absorption (SEA), and energy absorption efficiency (EEA) values were 3X103kJ/m3,

12.21kJ/kg, and 28.57%, respectively. In numerical simulations, without a protective device, the

maximum vehicle impact force was 5332.99kN, the energy absorbed by the bridge pier was 22.05k]J,

and the maximum stress was 124.46MPa, causing significant damage to the pier. With the protective

device in place, the maximum vehicle impact force was 2674.41kN, a reduction of 49.85%; the maxi-

mum stress on the pier was 6.96MPa, a decrease of 94.41%. The results showed that this protective

device provided excellent protection for bridge piers.

Keywords: vehicle impact; bridge pier protection; aluminum foam; static compression; drop hammer

impact; finite element simulation
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Table 1 Material parameters of aluminum foam and
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Table 2 Parameters of aluminum foam-polyurethane

structural combination

G5 JEREEA A /mm EEMHE/ (kgem )
3-1 30/50/20 300/60/300
3-2 10/60/30 300/60/300
3-3 30/40/30 300/60/300
3-4 30/50/20 500/60/300
375 30/50/20 300/60/500
3-6 30/50/20 300/40/300
3-7 30/50/20 300/60/300

polyurethane
MWK AT
BT R # I/ (kgem ™) i 2%/ (kgem )
1-1 300 2-1 40
1-2 400 272 60
1-3 500 2-3 80
1-4 600
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Fig.4 Compression energy dissipation index of composite

specimens
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Table 3 Energy consumption index of composite speci-

mens
T EA/(10°kJem™) SEA/(klJ.kg™') EEA_.,
3-1 1.674 9.313 0.341
3-2 1.157 8.183 0.296
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35 2.087 9.848 0.238
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3-7 1.967 11.254 0.286
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Fig.8 Comparison between drop hammer impact test and nu-
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Fig.9 Comparison and verification of time history curves of

reaction force in testing condition 3-4
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Table 4 Pier material parameters

RS SAPERTE /MPa %/ (kgem™*) AR

C40TR%E 1 3.26X10° 2.5%X10° 0.2
HRB400 2.10x<10° 7.89X10° 0.3
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Fig.13 Stress cloud diagram and extent of damage of ve-

hicles hitting bridge piers without anti-collision device
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Fig.14 Changes in impact force and pier energy
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Fig.16 Impact force and energy changes in each component

of the anti-collision device
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