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Vessel Collision Force and Anti-Collision Performance of Long-Span Beam-Arch
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Abstract: Beam-arch composite rigid frame bridge is a new bridge type, and it has few vessel collision
studies. By taking the Lijia Jialing River Bridge as the engineering background, the standard value of vessel
collision force and anti-collision performance of the long-span beam-arch composite rigid frame bridge were
studied. After determining the representative vessel type and vessel collision calculation conditions, the vessel-
bridge collision processes of the single-pier models under various calculation scenarios were simulated by using
ANSYS/LS-DYNA nonlinear finite element transient dynamic software. The simulation results of collision
forces were compared with the results of several empirical formulas. Finally, the full bridge model and the
ultimate bearing capacity of the checked section were used, and the ultimate anti-collision force of the piers
was obtained. Then, the anti-collision performance of the pier was evaluated. The results show that the vessel
collision forces have a strong nonlinear fluctuation feature; the time when the maximum collision depth occurs
lags behind the time when the maximum collision force occurs; the system energy during the vessel-bridge
collision is mainly converted from the vessel kinetic energy to the internal energy of the local deformation of
the bow. The results of different empirical formulas of vessel collision force vary greatly, and the dynamic
simulation values are recommended. The checking results of the ultimate anti-collision force show that the anti-
collision performance of the main piers of the Lijia Jialing River Bridge meets the requirements.

Keywords: beam-arch composite rigid frame; vessel-bridge collision; vessel collision force; anti-collision
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Figure 1 Elevation of Lijia Jialing River Bridge (unit: cm)
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Table 1 Parameters for representative vessel type
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Table 2 Calculation scenarios for vessel collision of piers
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Figure 4 Finite element calculation model of

vessel-bridge collision
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Figure 6 Time history curves of collision force under various calculation scenarios
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Figure 7 Bow deformation and stress distribution at

different time during vessel-bridge collision (Scenario 5)
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Figure 8 Time history curves of vessel collision depth under different calculation scenarios
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system (Scenario 5)
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Table 3 Simulation results of collision force under different calculation scenarios

MERL/ g/ fd A/ bR/ BRI/ BORIERS/ BRI/ T
t (mes ) ) S m MN MN ErRe2
4.0 OCIE##) 0.516 0.97 6.2 1
4.0 10( {4 ) 0.408 0.98 9.2 0.83 2
500
’ 6.5 O(IES#) 0.612 1.86 8.5 3
6.5 S(fi ) 0.536 1.93 13.6 0.98 4
4.0 O(IEH#) 0.765 1.50 10.2 5
4.0 10( i f ) 0.612 1.28 12.2 1.26 6
1000 )
6.5 O(IES#) 0.975 2.85 17.5 7
6.5 S(fi i) 0.996 2.84 15.2 1.66 8
4.0 OCIEH#) 1.080 2.26 22.8 9
4.0 10( {4 ) 0.630 1.68 20.4 1.93 10
3000
6.5 OCIES#) 1.095 3.88 27.0 11
6.5 8( {1 ) 0.753 2.78 23.5 2.85 12
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Table 4 Empirical formulas for calculating vessel collision forces
i AW EE /NG 55 1L
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28 B R 53 3 T4 ) e . ;kﬁj( ;ﬂ n;@?; jj
B = g 1375 2 i Towr MRS W37 5 Cyr
(JTG D60—2015)"" PR T 27 o
T T 3 7K BT R K o Oy A ES eV
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(TB 10002—2017)"° sin 1 2 T i A A IE 2B LA RCHE IE 28
7] R o g N ) s T O B L 5 2 O S RE T
4 AASHTO JLE" F=1.2X10°V (Tpys )" ‘ S
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Minorsky-Gerlach-Woisin ) N N . R
5 F=0.024(VM % Cr Co AN AN & 34 22 R 2 Mo
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Saul-Svensson-Knott-Greiner )
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Table 5 Comparison of forward v collision force of vessel between empirical and simulation results
M AR IESE 5 /MN
BB/ IEREEE/ - T
. (m-s1) ABEEFRE AR BEEPFE AASHTO  MGW SSKG Ef# A e
mes =2
PrAAL B IR bR AR A HAER
4.0 7.32 3.32 4.33 10.73 3.81 11.5 6.2 1
500
6.5 11.90 5.40 7.04 17.44 5.27 15.91 8.5 3
4.0 11.25 6.33 5.98 15.18 6.05 16.27 10.2 5
1000
6.5 18.28 10.29 9.72 24.66 8.36 22.49 17.5 7
4.0 17.29 17.63 9.98 21.47 9.60 23.01 22.8 9
3000
6.5 28.10 28.65 16.21 34.88 13.27 31.81 27.0 11
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Table 6 Ultimate anti-collision forces of pier P2/P3

fi il R HE 0 4% BR T SR BR AT 17 BLIE

i B = M4 71 /MN WA 73 /MN 1/
J&/m b By P Py MN

1 14.69 96.87  177.34  89.03  290.36 6.2
3 29.43 51.10  186.43  44.30  299.35 8.5
5 14.83 96.15  178.02  88.00  290.43  10.2
7 29.57 50.81  186.25  44.04  299.43  17.5
9 16.29 89.10  184.25  78.64  291.24  22.8
11 31.03 4770 184.31  41.28  300.22  27.0
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