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Force-deformation relationship of ship bow model under cumulative impact

HUANG Qiao', CAO Jiacheng' , SONG Xiaodong', JIANG Chao’, GE Jing’

(1. School of Transportation, Southeast University, Nanjing 210096, China; 2. Jiangsu Province Bridge
Collision Avoidance System Engineering Technology Research Center, Changzhou 201213, Jiangsu, China)

Abstract: In recent years, the rapid changes in the water transportation industry have also led to the frequent
occurrence of ship-bridge collisions. Although the bridge collision prevention facilities currently used can resist the
impact of ships, there is still a lack of reproduction and quantitative analysis of the whole process of ship-bridge
collisions. In order to map the relationship between impact force and impact depth of ship bow under large
deformation and reproduce the collision process of ship bridge. Firstly, a large mass horizontal impact test device is
used to carry out several successive cumulative collision tests on the reduced size bow model of 500 DWT without
bulbous bow. Secondly, LS-DYNA, a large finite element analysis software, was used to build a refined reduced
bow model, and the simulation analysis of multiple consecutive cumulative collisions was carried out by restart
function, and compared with the test results. Test and simulation results show that with the accumulation of the
number of impacts, the peak single impact force and the accumulated impact deformation of the reduced-scale ship
bow model are gradually increased, while the increment of each impact deformation and the impact time are
gradually decreased. There is a basic correspondence between the deformation of collision damage to the ship bow
structure and the absorbed energy.
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Fig.1 Schematic of impact test setup
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Fig.2 Details of the sizes of the ship bow model (mm)
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Fig.3 Reduced-scale ship bow model of impact test
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Tab.2 Control parameters of impact test
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Fig.4 Force time-history data of impact test
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Fig.6 Finite-element model of reduced-scale ship bow
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Fig.9  Deformation time-history data of finite element simulation
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Fig. 11 Force-deformation relationship of reduced-scale ship bow
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Fh BT 12 AL SRUCHE o T A JG R A -
RIS — g T e s g, o
A SRS R S (8) W E XS 11 R
HUEC R RARE REN HES Sk S RN (U B S (R e A i/ 4
AN o T T DR O 7 B pR RSO | il — B R
H—B— R R B B, PR AE R SRS BN
FE, T R AR RN AL f) AR A ) it 2R A7 A
ARP BRI, LA AT AN [ A A0 25 2 A A A5
RUARGE— LME TIHA, AMIERE A 2 i A 2
R, BT i R R 1 I A5 B4 ) - IR S
B R (AR (7 HAS R A7 A 7 - IR S A F
WEAEL I | 1B RATS A7 A/ N TRl 3 R B

4 2 #

AR SCHE T 45 USSR AR 15 5 ) 335 %) Tl e s A
BB, BIFST T R AR ASS AL 7 e A o 9 P AR I st i
N SEIRER I B LIRSS

1) 2R FH R B 7K O ok a0 2 o, k40 RO
PERIEAT 4 WLk | REAY K- R g e, Bl 5 i
AU E A S B L MR A N, LA A
) 2R e, R 4 SR e B, SR vk o A A 4 RO
R ASE R SR AR TR AN T A, 5 | A M B R T3

2) FIH LS-DYNA B X} 4 kit 28 2 RUK -l
RIS T RUE R, B 4 UGE S BRUKEfE T
o AR, 208 RO i A5 A8 1) o v 48 o W D R
TR R E T2 A5 TR T 4 U J8 YR 448 o A0l J3 i ) 35
BN A BRICHEADA 5 Rl e 0 45 R A
Bt

3) NIIE 4 YR I%E SE SRR T f5E o e 4K 0 A K
P, VR A0 BT S AT — R R B AL, % Eh
i -, P A BN 45 1 48 4 407 TR 5 5
WAL Rl A B 8 X IO O 2R, TN Ay /0N T Al 4R 1Y)
Tl ) 43 R e BE AR I g KT ol A gl 2 1 —
.

4) 5457 RO i A5 280 ) 4 o e TR o £k 5 R



557 3]

HHE, &5 BBUE S PRI E )R ROC R - 51

S RGIUXT LEo T, 4 RO AR 2% T8 H N R 2
RN | fly S IRt A7 A e AR D Bl o, i
ALTEARERIR FH 3 B e BOE 30, K A ) 5 A0 45 20 4 A
AARERIAHGE— , LAGE T T AR R By i i i3
AN, 5 45 R A B AS ], RS Y v e ol g - TR
SRS TR RN 2K B A, 7R BF 22 B 1 vt 5
BT,

5% ik

[1]Timl, WSrml, TR, AREAR BT B i BUIR 5 95 2 — 4
DRI )], [BF R 22240 ( HARBE M) , 2002, 30(4) :
386
XIANG Haifan, FAN Lichu, WANG Junjie. Current status of ship-
crash bridge design theory and issues for further research[ J]. Journal
of Tongji University ( Natural Science Edition) , 2002, 30(4) . 386

[2] MINORSKY V U. An analysis of ship collision with reference to
protection of nuclear power ship [ J]. Journal of Ship Research,
1959, 3(1): 1

[3] WOISIN G. The collision tests of the GKSS[J]. Jahrbuch der
Schiffbautechnischen Gesellschaft, 1976, 17(1) : 465

[4] WOISIN G. Ship-structural investigation for the safety of nuclear
powered trading vessels[ C]//International Seminar on Extreme Load
Conditions and Limit Analysis Procedures for Structural Reactor
Safeguards and Containment Structures. Berlin; [s.n. ], 1971; 225

[5]DE RUCHER K N. Analysis of concrete bridge piers for vesselimpact
[J]. Proceedings of Sino-American Symposium on Bridge and
Structural Engineering, 1982(1): 13

[6 ] DERUCHER K N. Bridge pile damage upon vessel impact[]J].
Computers & Structures, 1984, 18(5) : 931

[7]DERUCHER K N. Proposed AASHTO standards for the design of
bridge protectionsystem [ J ].
Design Engineering, 1982, 1(1): 131

(8] NRILFNE 3l s F . 2> B A B P it e . JTG/T
3360-02—2020[ S]. Jbmt. AR R, 2020
Ministry of Transport of the People’s Republic of China. Design

Civil Engineering for Practice and

specification for highway bridge collision resistance: JTG/T 3360-
02—2020[ S]. Beijing: People’s Traffic Publishing Press, 2020
[9]FAN W, ZHOU G, YUAN W. Limitations and improvement thinking

of code-prescribed static analysis method for vessel impact design of
bridge structures [ C ]//The 3rd International Conference on Smart
City and Systems Engineering (ICSCSE). Xiamen: ICSCSE, 2018 . 42
[10]MEIR-DORNBERG K E. Ship collisions, safety zones, and loading
assumptions for structures in inland waterways[ J]. VDI-Berichte,
1983, 496(1): 1
[11] CONSOLAZIO G R, COWAN D R, BIGGS A, et al. Full-scale

experimental measurement of barge impact loadson bridge piers[ J].
Transportation Research Record Journal of the Transportation
Research Board, 2005, 1936(1) : 80

(12 fEa, TR, MR EREIES T - SRR AR
FLI]. Bk TREEH, 2011, 31(2) : 160
MENG Dewei, WANG Junjie. A simplified formulation of the force-
impact depth relationship for positive bow impact rigid walls[ J].
Journal of Disaster Prevention and Mitigation Engineering, 2011,
31(2) . 160

[IBIEEN, RER, ME NS HEdEG T - MECRMER
BOWLI]. hIEABREHE, 2014, 27(6) ; 59
WANG Junjie, SONG Yanchen, BU Lingtao. Probabilistic model of
ship-bridge pier impact force-impact depth relationship [ J ].
Chinese Journal of Highways, 2014, 27(6) : 59

[14]FAN W, YUAN W. Ship bow force-deformation curves for ship-
impact demand of bridges considering effect of pile-capdepth[ J].
Shock and Vibration, 2014, 25(1); 1. 19

[15] KANTRALES G C, CONSOLAZIO G R, WAGNER D, et al.
Experimental and analytical study of high-level barge deformation for
barge-bridge collision design[ J]. Journal of Bridge Engineering,
2016, 21(2) : 04015039

(16 ]8R, WA, RIEAR, 5. M6 b 00 A ] 1R B
PG C /P B 2B R ANGTH TR 4 25 2021 4F 42
EMREARSVOE R, JUnt: hEA KA RS TR
443, 2021 750
CAO Jiazheng, HUANG Qiao, SONG Xiaodong, et al. Study on
the influencing factors of simplified model of ship bow in ship bridge
collision[ C]//Proceedings of the 2021 National Bridge Academic
Conference of Bridge and Structural Engineering Branch of Chinese
Highway Society. Beijing: Bridge and Structural Engineering
Branch of Chinese Highway Society, 2021 750

(171 EHA, B, BREE. JET R0 E AR AR I A =
R LLRRRITTE (1], 2Bt sClREL, 2006, 23(2) : 68
WANG Junjie, YAN Haiquan, QIAN Hua. Comparative study of
bridge ship impact force specification formulae based on collision
simulation[ J]. Highway Traffic Science and Technology, 2006,
23(2): 68

[18 ] ZHANG A, SUZUKI K. Numerical simulation the bottoms struc-
tures grounding test by LS-DYNA [ C |//The 5th European LS-
DYNA Users Conference. Birmingham: Methods and Techniques
Press, 2005

(19X, 1S-DYNA sh 1 Hrdem [ M]. LT, =288 Tol AR
#, 2003
ZHAO Haiou. LS-DYNA power analysis guide [ M ]. Beijing:
Weapon Industry Press, 2003

(H8E i)



