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collision loads based on reliability

ZHOU Mi', ZHAO Wei', WEN Jie’, JIANG Yong-cun'

(1. Key Laboratory of Old Bridge Detection and Reinforcement Technology of Ministry of Transportation,
Chang’an University, Xi'an 710064, Shaanxi, China; 2. Guangdong River Highway Co. , Ltd. .,
Zhongshan 528414, Guangdong, China)

Abstract: For accidental ship collisions, the existing bridge design code has wused the
corresponding partial coefficient of combination. In order to analyze the reliability index level of
the bridge structure under the partial coefficient given by the current specification, and find the

relationship between load combination partial coefficient and bridge structural reliability index, it
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was necessary to study the accidental load combination of bridge-ship collision in depth. Based on
a finite element-neural network-Monte Carlo method and limit state design method, the reliability
index of a bridge structure under different load partial coefficients was calculated. Taking the No.
1 Lianjiang Bridge as the main bridge supporting project, finite element software was used to
establish the full-bridge space finite element dynamic model, and the load shock spectrum was
used to simulate the dynamic time history of a ship colliding with a pier. Turkstra’s principle was
served as a theoretical basis for the load combination to determine the failure mode of the
structure under ship impact and vehicle loads. The load and load effect samples of the ship
collision, the vehicle, and the combination of ship collision and vehicle were extracted, and the
BP neural network was trained on these samples. When the training results met the accuracy
requirements, the partial coefficient ¢ of the ship impact load was taken as 1.0, and the partial
factor dr, of the vehicle load was taken as 0.5, 0.6, 0.7, 0.8, 0.9, and 1. 0. The Monte Carlo
method was used to calculate the failure probability and reliability index of the bridge structure
under different partial coefficients. the reliability index under different partial coefficients and the
target reliability index were compared. The results show that a ship collision load partial
coefficient is 1. 0 and a vehicle load partial coefficient is 0. 8, which obtained from a continuous
rigid-frame bridge with a span of less than 150 m. The finite element-neural network-Monte Carlo
method can quickly and easily solve the reliability index of the bridge structure with accidental
ship collision, and establish the relationship between the reliability index 3, ship collision load
partial coefficient ¢, and the vehicle load partial coefficient ¢ . The suggested value of the load
component coefficient is also given. This method provides a basis for the accidental-ship-collision
combination design and the risk assessment of bridge-ship collisions. 9 tabs, 11 figs, 24 refs.

Key words: bridge engineering; ship bridge collision; Turkstra’s principle; F-A-M method; relia-

bility index; partial coefficient
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7 350 253 537. 226 253 580 0.017 ot " CES AN RS o
8 400 289 739.193 289 600 —0.048 ko ! jek |Empredn| domx |
9 450 325 941. 160 325 030 —0. 280 1R 25 W B AR T
3.15X 1076 | 4.52 3. 89 5.0X107°
10 500 362 143. 130 361 610 —0.147 W EYLE T o
11 550 398 345. 090 399 250 0.227 f 4 0 W AR AT
8.40X107%| 5.23 3.89 [5.0X10°°
12 600 434 547,060 428 640 —1.359 1 IR SERE AR R
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Tab.8 Load effects of piers under different heavy vehicles

S— Ly B4 AR o 28000
A CREAR 1)
Li/kN BURA R AN/ | i s 8T
g/ (KN« m™1) | Py/kN
(kN « m) B/ kN
350 6.76 270. 81 5 248. 064 47.878
400 7.71 291. 84 5619.935 52.732
450 8. 65 312.87| 6 021.274 57.887
500 9. 60 333.90| 6 392.367 62.726
550 10. 54 360.00| 6 789.513 68.087
600 11.49 375.96 7 165. 466 72.732
650 12.43 394.50| 7 524.533 77.329
700 13.38 418.02| 7 937.897 82.726
750 14. 32 429.00| 8 259.553 86.572
800 15. 27 460.08| 8 710.996 92.732
850 16. 21 488.70| 9 120.168 98. 335

N(4 123.46,1 188.25%) , L FHIHF UL AEHL 1 In Ry~
N(12.796 5,0.140 7°) . XF Sk Ru # 3 Ab 9t 471
A3 AT SRAS S AR BICTE VR AT T 9 S 0 IR R A
RAH 1. T1X10 "7, ) i 95 4 fof 200) fi < 5 B
FIRON AR /S A5 iy 48 47 2R 4 L AT DL 220 BT )
2.6 Cy 5L, HASTEHEMERYTE PI°

2.6.1 Cy 5 L, ##&as
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Tab. 9 Total failure probability of Cy and L, load combinations

MEfEfT 2L | . CEREE )
R )Y S il BT P e
S . ) EAR | REEE |
MR ¢, | HmE P - oo | ARAEER| AR
de, bR g | FEhE
TR T3 | 3.15X1076 | 4.516 i 2
0.5 4.11X1076 | 4, 459 i 2
0.6 8.40X 1076 4. 304 i 2
5.0X
1.0 0.7 1.96X1077 | 4,112 3. 891 W
10>
0.8 2.66>X1075 | 4. 041 i 2
0.9 8.76X1075] 3. 752 NS
1.0 1.67X1071 | 3.587 NS

AR KL 0. 8 I . T AR JE A AR e AT H AR AT RE AR
bro HMZME IR A T R 2 4 K %
5 WA AT S 5 5 0 2 e 2R AL I 1 43 IR OfE
Ay AT AR AL A IR A 1L O TR e AL A G
FH0. 8. Hoh . P4 B AL G S R BORE g R
T B AR W T RS ) (JTG D60—2015) 5
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9 3 A 2800 T 2 B
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Fig. 11 Comparisons between target reliability and
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