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Abstract : The collision between a ship and bridge across a waterway may result in extremely serious consequences that may endanger the safety of
life and property. Therefore, factors affecting ship bridge collision must be investigated, and the impact force should be discussed based on various
collision conditions. In this study, a finite element model of ship bridge collision is established, and the peak impact force of a ship bridge collision
based on 50 operating conditions combined with three input parameters, i.e., ship loading condition, ship speed, and ship bridge collision angle, is
calculated via numerical simulation. Using neural network models trained with the numerical simulation results, the prediction model of the peak impact
force of ship bridge collision involving an extremely short calculation time on the order of milliseconds is established. The neural network models used
in this study are the basic backpropagation neural network model and Elman neural network model, which can manage temporal information. The
accuracy of the neural network models is verified using 10 test samples based on the operating conditions. Results of a verification test show that the
Elman neural network model performs better than the backpropagation neural network model, with a mean relative error of 4.566% and relative errors
of less than 5% in 8 among 10 test cases. The trained neural network can yield a reliable ship bridge collision force instantaneously only when the
required parameters are specified and a nonlinear finite element solution process is not required. The proposed model can be used to predict whether

a catastrophic collision will occur during ship navigation, and thus hence the safety of crew operating the ship.
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Table 1. Ship material parameters

ao et al., 2015).

Parameters Value Unit
Density 7850 kgm®
Elastic modulus 210 GPa
Poisson's ratio 0.3
Hardening modulus 1180 MPa
Yield stress 235 MPa
Strain rate parameter C 40.4
Strain rate parameter P 5
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Fig. 7. Peak impact force under lightweight condition.
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Table 3. Peak impact force of ship-bridge collision under different working conditions

Case Loa_di_ng Speed Collision Peak impact Case Loafii.ng Speed Collision Peak impact
conditions (m/s) angle (°) force (MN) conditions (my/s) angle (°) force (MN)
1 fully loaded 1 0 38.804 26 lightweight 1 0 27.058
2 fully loaded 1 15 32.682 27 lightweight 1 15 27.897
3 fully loaded 1 30 20.818 28 lightweight 1 30 6.653
4 fully loaded 1 45 14.702 29 lightweight 1 45 4.669
5 fully loaded 1 60 12.887 30 lightweight 1 60 3.588
6 fully loaded 2 0 40.449 31 lightweight 2 0 38.431
7 fully loaded 2 15 38.686 32 lightweight 2 15 34.832
8 fully loaded 2 30 29.094 33 lightweight 2 30 19.248
9 fully loaded 2 45 16.008 34 lightweight 2 45 11.737
10 fully loaded 2 60 15.589 35 lightweight 2 60 10.067
11 fully loaded 3 0 43.989 36 lightweight 3 0 41.449
12 fully loaded 3 15 41.053 37 lightweight 3 15 38.545
13 fully loaded 3 30 31.712 38 lightweight 3 30 23.442
14 fully loaded 3 45 19.361 39 lightweight 3 45 16.320
15 fully loaded 3 60 21.924 40 lightweight 3 60 13.106
16 fully loaded 4 0 47.225 41 lightweight 4 0 45.760
17 fully loaded 4 15 43.351 42 lightweight 4 15 42.611
18 fully loaded 4 30 33.903 43 lightweight 4 30 26.569
19 fully loaded 4 45 27.644 44 lightweight 4 45 17.303
20 fully loaded 4 60 26.001 45 lightweight 4 60 13.563
21 fully loaded 5 0 49.951 46 lightweight 5 0 48383
2 fully loaded 5 15 45.679 47 lightweight 5 15 45.148
23 fully loaded 5 30 34.963 48 lightweight 5 30 29.840
24 fully loaded 5 45 30.639 49 lightweight 5 45 17.916
25 fully loaded 5 60 39.260 50 lightweight 5 60 15.485
4. Met-mZt E0f S5 AFEY O %2 vlolE Afolo| = 2 (dimension)o] THETE % Aglo]
t27) diel o3 md gunel JFe v 47} 9l
AA EYAE on 3t mdzA FE S AHgE T olE Fd] flel i golEE [1,1] 7Rt AR
Ttk Aukmzt 25 A4Y oF mae dukwzt ks A 7fShnormalization)] B L/de] vk Al A
25 53L0 2 gAd WE A BEYold tolHE a8 A4 £ 9497 9 dHoly BT A s 4HE HE3qich A
Fe BE se AU RUSES siialih stgo] AW o] Muhmzlel An) 3EUS FAY Wi 4
dad Aukuz 222 o= g Mul A Ask Hdu =2 Ho|HE umormalized A E]3te] o] EH[glo R W
2w 25 72452 Esid g5y g e Add  FFoEM Mukwzt Hd FEYES FAHSLES It
Ay $58 F4%S o 5 A sh5o] ghuy 24 o  (Sheng and Chen, 2018). F3FA M-S B 7 FAH A
Z Rae §3ak ANS o B NS S94 Axr AU FEY g Adbee] d2 507 AE dlolHE At
2 e AL AT 5 A A o] ghme AR B Fol 80%tl 4071 SHE MER AU A
A% wue kel oigt 8 24 AN mec © 20%8] 10713 Bl AE (verification) A E R AT h Tt
Sojmm Aukel WA FALBe] we Hu FEY g AFUOR S5 W 5 ARES WAL @A
ol FHL Azkel FEE QA SET #9 3H(Mean Square ErronE 44313100 Bt AF o A
Ab Fa) e olg 2} Zrh(Cooper and Dimaio, 2018).
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Table 4. Verification results of neural networks
Biéﬁffl BP BP Elngznmgflim l Elman | Dman
Case Loa@ipg Speed Collisign FEM predictive absolute relative predictive absolute relative
condition (nv/s) angle(®) (MN) value error el;ror value error el;ror
(MN) (%) (MN) (%)
1 fully loaded 1 60 12.886 17.283 4.397 34.122 12.697 0.189 1.467
2 fully loaded 2 15 38.688 38.560 0.128 0.331 37.904 0.784 2.206
3 fully loaded 3 30 31.712 29.483 2.229 7.029 31.584 0.128 0.404
4 fully loaded 4 0 47.227 47.530 0.303 0.642 48432 1.205 2.552
5 fully loaded 5 45 30.640 32.740 2.100 6.854 31.218 0.578 1.886
6 lightweight 1 15 27.895 24.342 3.553 12.737 22.122 5.773 20.695
7 lightweight 2 0 38.430 40.026 1.596 4.153 36.489 1.941 5.051
8 lightweight 3 45 16.320 16.538 0.218 1.336 15.930 0.390 2.390
9 lightweight 4 60 13.563 14.030 0.467 3.443 14.774 1.211 8.929
10 lightweight 5 30 29.840 27.118 2.722 9.122 29.918 0.078 0.261
107} "l =E dlojele] A3 =433 fakas 44 54 &
W5 vas] B S ARG Ao e ake] 3 17.713,
He FH A= 7.977 %, Elman A7 W] Ao xte] 3 2 =2 HAE fEansidel e oW ALkAIREe]
12277, Bt G Ak 4566 %= UEFSTE 2 HAE A3 Zys dvkuzd Al 59 AES wE ARE gld 34
o2 BW Elman 270l Auk-uzt A FEE A & 5 de AW 74 Bd A8 ZRAzd gt A
A AT AR REY O U AdE BT eS¢ slvh Adukuz Hd 59 AR 2 FA4dd a3k 4Y
g 9t} o] Elman AW oS ZRAM 2w SEAATe  FHo R Auk HA AE7FA), AUk gE(57HA]), Auk-
dFow et gy AAGEY ol ARE FEste]  w FE Z4R(7HNE Al 7HA s HE ekl o
g538l7] Wi A, FEAEe) e T Aol i 5079 2FS TASATE 407 A9 e sy Ay
delelel A g 2 FE ATo]l Fol AN AAYRT  dolEE AMEStY] AW oS RES kel o 107
e 9 v Z23E Vet A 3o frgtassi A3 dolEE AR&ate] vzt A
Elman 2177 FAA Aut whapdejelde] duknzt  of $E9 H2ES Fdsclth ety 43 92 A
HA SEH] O 7HA] E2EoA H Ao 0AF 1667% AW dF 2de] vug Tl gy e AES =F
2 A7t FAA T vk = FAA dEe]  shlv
AP AT SR TSt S e 150 el SEehs (1) Azt FE8e o] 71X 4o o] & gk
7P A ST 0695 % Y DDA FLAmSE T Lo e g g, A 2,
E 4% 60°% w7l FEshE 4ol Uo7t 8929% - %%' Aol W wE Ao 2 aq’ o sl ’og oo
v R SR G IR BE SIS A g e 2 aqle) antart 2Ee wad WAE o
EolAe 2A7 she g o & gl e wHa AL alc
Elman 2174 % UES A= 245 Aduke] AA) s}, dutbe
3 Srol Mubwzte] 25 oo Mukuzt & Q) FasA A3} dolHE AHgste] S5d A
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