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Abstract: The collision between jacket platforms and bypassing ships may cause serious economic loss and
environmental pollution. The anti-collision capability of the tubular steel members of jacket platforms is of great
concern during structure design phase. By using the simplified analytical method to predict the anti-collision
capability of tubular members, the efficiency of structure design can be significantly improved. In this paper, a
simplified analytical method for the prediction of anti-collision capability of tubular members is proposed
considering the global bending of tubular members subject to collision, based on the study of collision mechanism
between tubular steel members and ships. Using this method, the structural deformation and resistance of the
damaged tubular member can be calculated when the tubular steel members are subjected to accidental collisions.
The method is verified by drop-weight test and numerical simulations, and is can be applied to the jacket platform
structural design.

Key words: jacket platform; collision; tubular member; analytical method; drop-weight test; numerical

simulation

Wk H: 2016-01-09; &2 HIM: 2016-05-17
HETH: EEKBRREIESTH (51239007)
JEWEE: EMR0975—), B, LA, B, -, 3 EMHEATAIRERL S A 7 (E-mail: zhghu@sjtu.edu.cn).
fE# i 2 B1989—), 5, WARAN, WidtE, EEENFFELET EAEE DS (E-mail: fierce_sjtu@sjtu.edu.cn);
X E(1984—), T, YLIRN, PR, L, 3 BEAFATAN L e R A AR R R 4R A A T AT
(E-mail: liukunjiushiwo@163.com);
FOBEA1975—), B, RN, R, WL, FEAIREFERKE G 45 BT G BRI 7T (E-mail: jinlgfe@yahoo.com).



250 T 12

¥

LR, FEL-E8 Z M TEFEA
ARSI Kb, RIS WA i G
TEHFFE TR SR — AN EE R R, B TS
MR, FELRVFEEZFRME. SRS
T I AT BRI N Al G R E AT B 4
F s i £ E g — M. G5B IR ™ I £
HARMN AT W45k DL it e 75 e 20
Bi. SELCF6MREIEER S 2 A e
ik, 7 )5 R B R T KB L. BTRA,
T 0 52 T 5 A T S A ) 8 o I PR 25 A B, X vy
FELRF ARG PR B R .

P G112 2 K I T 45 ) A Tl i e 9 ) R4 T
TRWBHEM. Gupta 2525 Abdewi 250 7T T A
[E A R A0 RO ST 1 (826 8 X 1) 55 1 11 A8 TR AR
Niknejad 70 T 3 78 10 [ 5 26 Q)5 R R 1)
AT, Cho 25V et A5 R 06 AN B fi 15 LA
BT TERAEARIR AR AT T 520 1) Ze a7 1 A2 T Ry
1o Amdahl'H8 H 7 58 E5 R 78 O 10 T A e 4 LR
(AR TEAR A S e 4 5 7 B TH B A, Wierzbicki
A1 Suhl" MR T A AR, R4 T BB
T 520 m) F et i i AR AT F 87 . Norman
Jones 25CVR FIREG 7 %k, BET T R HAEE 2
A T LR S5 I - Firouzsalari 26U E 57 1
VR it it 0 . 77 4D [ W 787 A 8 52 e o B 1 245 4 AR T
HLER . e R < VR 9t T S A g o 2 2 T P 4%
fr IS A AR TEALBE, 3R H T —N&E AT FPSO
Ay ARG K Cam AN E0Y s = R O e |7t
WEFL T AMEIR BB AR AR T 6 B A
FHZHBHUE. SRR T R S
JERAR WA LI . X5 I 7 T AR TR
R b RS2 R o B i VR T T TRk i
Sk i Y S8 B EE M E A AR e o R B8 55 A0 e b
S TIHEAT TR AR TE R BT A i 3 B R 0
Z 153 HEHF 9T - Hong! "M i 485 7 ZERIF 90 Mg 45 M )
PriEEgeny, FEIZH T 4 MR, BEAR
ks IR A R CEBUE A BT E AT
J7i% . ATV DT s B A R, i Ak
SIATITIEHE RIS R A F R A, HER B AH XL
m, WHRERD, REA RS BITI B e
Prig e o SIS 77 VAR B T BUE 1 BT
WE I RS R R 7%, AT AR RIS UE MR T 55
JT i HERR M

A 33T Wierzbicki < Suh” ¥ Al Norman

Jones!” i H 10 (59 17 85 8 A2 00 1 4 o AR T A
XARTEAERHAT TR, IR —MEH T RELT
G B E AL E AT B kAT
VR T IR R A B AN B 7 AL A
iz LS-DYNA 12715 214 s J)- iR dh 2, XJ 42t
BN T 7 VAR HER MR AT T I0IE, UEBA TG
TELE RSP & YU 1 43 B A 3 1%
| B R
1.1 Wierzbicki. Suh #0 Norman Jones 2 IR
TRARE
Wierzbicki #1 Suh*H4 i1y [ & A FE A ALIA
N, BTG A =5 2, BIEARN Ry ([
KB 51, 2N Ry BIRIINE sp FIE LB 530 BUK
A% Ry BEAE IR B3 R NHIUG 4% R IZW K,
Ry WZH/N, WL 1. Wierzbicki 1 Suhl’ iz fj
D75 PR E B, FF 5 R A I AR A )
s, 1SRN ) P 5 ETEE MG S RRIMK

=
3
sz$Hgﬂgﬂk%kﬁj
M, 3yt AR 40 N,
X DANRERVIGER: ¢ NRAEREE; M, N

Paran A 1
BRSBTS, M, = o’

oy VLB

3
9 1—{1_1% B AMBEOR, N

P

BRI R J7, Ny 9IRS R T RE AR 32 K

WSy,
R,

N\

B 1 Wierzbicki il Suhl” ®[5 45 LA 7Y
Fig.1 Deformation model of tubular members proposed by
Wierzbicki & Suh!’™®

AT AL - A2 FE R 8 S BT i il A2
s, R T /MG, X 5ERIRAR. N




T ®

VAl 2 251

BRI MABUE 07 B Pl DAE Y, A b O a1k
FAEEFE LI, AR AR]— AN AT A 2 A8 A A Ak T W
TR EI I, CEAar B4R 7 m) b7 A A T A A 1
ke, RIRERARKEH, XSERRIEE L
Wi 2 EAE AT 25 R0 T R B I RIS Al i
IR

Norman Jones' [ B & A LA RIS Y, Hlf 44
SATEE A PRI A TR R A TR O A
AW, HATGEA LA 2.

Kl 2 Norman Jones! [ & 35 A 4

Fig.2 Deformation model of tubular members proposed by
(9]

Norman Jones

HEDZHAHE A LN

e (%))

p=nR/2r,, cosf=1-T /r,,

0 =R-r1,(cosp—cosf),

W=1-6.
e T RFETEEH ALY 5 Bk R i 77 1A
KJZ: D, & BT E AR TY o AT 1 d oK 5

Norman Jones" RIBIF 7737 5 A2 (51 65 18 &% v ok i

i, BT DA 5 AR A A A G — B R IR L
4. HAWB Y 52 3E 6B
d, MK HE RS . Norman JonesP 7! v 1) B
LA, RAEHTMNELSSERFER0.

12 #HREEHEEMAREREL
A SRS BB PRI B 7O (0 [ A
BT, WK 3.

B3 R A T

Fig.3 New deformation model of tubular members

BT ARSI e SO g 5, BRI
EAETE M e, HASTRART 528 B 429 R
IR 51, P42 Ry BIRIDINEL s, AIEZREL 53 =
HY LR, 3X 5 Wierzbicki Al Suhl’~ M 25 A5 R
MR 5ZA R RIEAE R 1A AR R I bE
S Hh, R T RARE Y, BITE R REAR LIRS
TREMAN T WEYRATRE A

Horp, AJUTRAR:

ol (3]

X TABRIE s, iR 7mmKE: D, N
[ BINEL s, B8 FE 1) 2 £i%

HHE 3 nTDAMERH, BRI R, U T &
T 0, FIRBE s, FIE LB s3 K T BRI 5
G Bk, AR KIIERE R BN R
RSB TH FK—F, B Re=nR/2. HIL,
AT LA

p=mR/2R
L, @ NEGRE s, Bk S0 80
FEREAAR T R, B AR T B0 R AN K
ALY, AT LIS E
5, +8, +5, =TR
A S =Rp: s, =Ry (n—¢); s3=(R —R,)sing
i, FATATBLRS R, .



252 T B
p _TR-Rg-Rsing K, G SCAR R A TR A e, Rk
? T—@-—sing E, its AR F:
JEEBIIEE S = R — R, (cosp +1) ; E =8M,E5/ R )

IR =21-65.

Z b, AT DA [ A A T T 52 A ) 4 o B R
AR TR
1.3 #iHEHETE

R4S Wierzbicki A1 Suhl” M3 6 234, B4
FE P4 0 A S RE LT A2y Ay BT U 1n) ()
IF) ) BE B FE HORH il 1m) (A I ) RE BB 1. [T A A T DA
B R AEBE W R A E B R &,

(b)
(©) (d)

B4 R B PR AN G RS B R A R S A

Fig.4 Computational model consisting of a system of rings

and beams
AR R B Sy PR, FEA R R A R A

P R B 1 AR SR AR S -
PA+2M6, +2Nii, =E, + E, (1)

KPS B2 A AR R, =54
W BV ) P BRI RE B L I RS
YRS M 3 I A% SRR ) N
BRI AR, W 5. 5B 0I I
HERFEHCE, AN : R B RFEHCE £, A
W BAERE E, .

K5 AMBReER S
Fig.5 Components of external forces of the tube
ARSI TR R 9 P s A2 ] 52 5 TR A A
Kt M6, =0, MRYEHERLI 12T RS 17
AeRFERUR E,, E, RSBRBEHMNRRIMKS A

X, & NBEEE AT XK R 172,
V8] 2 5 A il 2 7 1) R R R AR R 23 Dy A

I

F

[[eadv=["(5+4,)dx 3)
Hrp: & Rl TRMEHSEN: & 2hTRBE
R MR AR A SRR, ARSI R BB E
FERHZTT 0 x o DRI L, K B E A L
NPIBINIPE R E SR, WL 6.

Pl
Ko faifeit
Fig.6 The simplified beam

KB TEIE N :
. 1dadi

ldida . _di

AT7dcdr 27 gy
R & B é, iR BB E R E T IR M5

Horfs Qg RAF—NRAER A B IR FI RS s 0 2
x = & BB AR AR [ d R SR 4R
SRS B 170 B BAEHR B,
E,=2N, IOM [%7% + aojds 4)
KA, Ny ABITEE RISt e ), Hat
ARH N, =0yt o

M Wierzbicki 1 Suh!7fy 30 2 b a] DL 5 %

LA RIS T 2
: : 5
M:ﬂ(l_gj 6
& &\l m
K RGN @, FExE (@) B4
E, =2Niiy +4nN,RAL[ 3¢ (6)

(2. KORAKXDH, 77145
PA=8M,E5 | R+4nN,RAL /3 (7)
¥R )WL FEIBR LA W84 & 5 P it
AR
P=8M,£5 / RA+4nN,RA/3& (8)



T ®

T E MR, MR R e
OP/3E=0, T{3:

EIR=N2mAA/315 )
2 REREMHR

RIS UEA SCEE AT v EOTE B HERA T, 3T
T IR o PR A RS, R ORI R
KEGEI )12 S0 %

R AR, @ EE AU P Sk AL
¥, 1FR0HAIR ML . TEHHE 3 A RS
AT ZUOCRT, SRR IR R 4k, A
BB F=ma, 33RLZEN I BT
fSL P2 ik, )RR D) S ) EUEGER
Jew /N, TLLZRS . DR kT DR Sk BT 82 B 1) J 7k
oS Ay, HETS R S R 2R, I
LK 7.

K7 ks
Fig.7 Testing facility

2.1 EFREHEMRERST
R R E A RS Q235 W, HAtkE
k1 s

x 1 AEAEMEEMEIEN
Table 1 Material properties of the tube used in test

R TERBRAN
MRV p 7850 kg/m’
MR E 2.1x10"" N/m?
MEY/N =AY 0.3
TR B, 0
JERR 1 o 2.35%10° N/m?
itk 2% g 0
NAFRSHL P 5
NAZEZH C 40.4

& R~ K L=1600mm , BH HRZ
D=100mm , EEEFERE 1 =16 mm , Ko fs
FZAE 150 mmx 150 mm HOBR_EANCAR &, i 2 13
7 3 I [ (R 2 Ao LI 8

J1 253

r 100 -
4 1600 <> | A-A

2 58 g80 °

—F = — VAR
******** R AR T Ay

B A e 16, sl

2 .

4

A R13

B8 BEEEHR
Fig.8 Dimensions of the tubular member
22 HERIESLRST
YR RS Sk, HumiJe iy 45°, Ji
BA 1420 kg, HSTILE 9.

255 <

420,

Ko BUBESLRST
Fig.9 Dimensions of the wedge-indenter

VAR B R AR RN 2 m, R
96 Je VA B AR RN OE vk is s, R RTEE
FEAE e i
23 KB

MARGG S5 R RA Y, A AL T 52 0 17 3%
Iy, B TR RSN, IS B AR
AT, KRR T ASCRNT TSR T VE S AU A
WK 100 2 HHRAL P, 15305% T J B EHEAEE 2
e B i i T ) SR R R g, JFHS
f b T LA R BB BAE RAEAT TP, WS 4
Bt it S A R RALE -

K10 e BB

Fig.10 The tubular member after collision

3 BEMEMR

Hoda 0 Jouk S A AR M AT IR o B
LS DYNA JFfE, XASCHE b vH 507245 i



254 T %

¥

[T A8 FE S A AR T BEL 0 A SR8 AT IR IE
3.1 HEHEBREST

EN DN TR N R I AN S R
T 5 Mt 5t. casel i R EHE S A
56 F R HEAT 31T, case2 ~ case5 H i R
FEEF S 52 bR T4 81 & vh A HT B 3 T A8 A AN R
PR FAe. BEEREATIROE, RSk 2 for.

%2 case 2~ case 5 EHEHR T
Table 2 Dimensions of tubes in case 2~case 5

st K Lim [ 4% R/m [ BE 5 t/m
casel 16 0.05 0.016
case2 26.0 1.0 0.03
case3 26.0 1.0 0.05
case4 26.0 0.7 0.03
caseb 20.0 1.0 0.03

EEIHERELES, T HE
LS_DYNA BAFI4s Rl R IR E AT 7 il LB
B, ik DX BN R oT R o), P ORI
ookl sy, XEERERECRIETHSERIAERATE, SCRETRE
823 N7 A A HUAE AR o I R A 8 1) T B R A RO
A = A 1 AN R N DA SR S G2
K 12 Pros i oo, k2 ki sk
BEAT BCOTHEAR, AR SC R E T R R B AR
T 32 i R 2 R AR T AN o D038 A, DR T T [
FOR M., B AWIE A

K11 BB A A
Fig.11 FEM model of tubular member

K12 XS
Fig.12 Elements in transitional zone
[ 78 56 1 A PR o AR AL kS P 3 AR 8 90 P
B, 9 M BB E=210GPa , % F p=
7850.0kg/m®, JkALLYy =03, EITBEHBIRR
WEARRL, R AR 78 235 N/ mm? . 1R
TR IR AT ) B g 224 B0 G 55 RO AR N AR 6 T ) B
KIBVE IR RAE 0.35 I Z B TT AR AL - [R]IN =5 i 244
AN AR ZEGTRE S (1520, 5]\ Cowper-Symonds £4
BN BB PR
olo,=1+(¢/C)"F

rf: o REBIERARRD & I HIZh RN 7T o) /&

FHN (OB B IR J7 . C AP N AR R S8, iX HLEL
C=404, P=5,
32 HEHY=R

TR FE A2 A A i SR T M [ 5, 8k SRR A
s B RN 0.3, [ kpra | M)
FF AN B B2, RO L TR
LT MREs), HEREsEE ¥ E RN 0.5 mis, I
3 TP 2R (1 77 n) 8 o 1 B 1) TR
A casel Afl, Hdiizs Ll 13.

;

ll-f2 il

NV’

nizi =
K] 13 casel iz
Fig.13 Collision casel

4 PRI EESRAVIE

4.1 casel HIXTEE 43 #
£ casel fiffidg s, i I 15 2 ey /-
TR MG . BUE AT FAS B ) Jy-H R th 42 . @b
T E RS B ) - R 2R DL g A
Wierzbicki H1 Suh 771545 31 i 4 o ) -H 2R H 26
Kl 14 o .
Loy U

—— WierzbickiflISuh 77 i:45
084 0 BdivizLa R

0.0 T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
HIR/m

14 casel i f1-FH IR H 28

Fig.14 Impact load-indention curve of casel

ME 14 FTLCE W, ST TESTER RIS R
SR RIEE A, KAUE D H AR B 45 R
IR, iy 7 B IR K A ARG 5 KAk —
Blo fEREEIT IR, w1 2 1 7 LK



T ®

VAl 2 255

WeBh, X TEMEYIGEI B, BT & KA/
IR TR AN, AR T ) AR s (1) 32 R
PEARTE, 24 S i 10 S E LRI Br s R AR
KIPBPESRSN, $8 T R A AR R3S, T AE AT
THR TR NEUE 7 Bt S A E & IR B 1)
SR, XAES S B TP AR ST . BEE TR T
W E BN, R RIS ) B KA
TN B, T ARATT T SR 4 AN B B 5 SR A
TEERX PR, N AR MR I REN 5] &,
HRFEERRRNIG M, REERERNBIHERRER,
XA SRR R, SRR IR B SR K R e AR
AN, DRISEEE 5 B Eh AR /N, BeAk, TERERE T UG W13,
AT TH T RS B B T 7 HAR P R T v A 2
SR AN N o 5 N e SN PP e - S M Z i S
b, AT B VAR B 1) ) 2 A B AR
FhOT AR 2 T B /N o 1K 02 TR U
T35 2 T R i 45 A AE R T I AR AR T s T
RIS AR B AT, i deh A% T i S ) A4 52 e L
B IXHR 4> G A R J T AR AR B R AR
W, $m 7RI ). W58 e 07 313 RE
Wity 30 45 M) B AR TR P AELARATT TH B VR BN TGV
Z L&, D=4 — e P ZE 0 o A 45 A0 P i E 4
AR A AR TR 1A R BRI, 7RSS 1)
Wt

MK 14 AT PLE H, Wierzbicki F1 Suh J7 %15 %)
R THE 8 R L e 25 SN EE 07 FL 45 ok, A
SCREH IR U O E R S AN R AT R I .
X &K A Wierzbicki A1 Suh 7735\ VAL E Y 14T FE
FERFEANIRTEE R ) RERIMRE, A RO
BN, XGRS ORI . A SCHE )
FERTUE SR TR, BT BT AT () JR T e 8
i, —EHANREY AT . FIEEEAE KA
IEMEASTE B[R, IR R AEBRPEAR T, MRS 45 S AN
BAEP RAERP T UGN, XRR% S SEPrmEE
H LA AT o
4.2 case2~case5 BIXTEL 44T

£ case2~case5 fifEistt, S FELRT-G
SERBRE B TR AT A, H B AR A
FEEHEK L. 1% R BEE ¢ RAELET,
ASCHE B IR E AR T SE 1 . case2~caseS i
S EAE A B EAR R R T - IR M £ T
JHEAF B ) -FER 2 & Wierzbicki F1° Suh
J7iFEAS B B - R th 2 WA 15 ~ & 18,

124 - -~ SfE i Fas R
—— WierzbickiflISuh 75 i:45
A4 fEbTIERAER

00 02 04 06 08 10 12 14
R /m
15 case2 fiiili 77- 4R Hh 26
Fig.15 Impact load-indention curve of case2
254 -~ - BfE RECR

—— Wierzbickifl1Suh /5 i%:45 4t
| e BTSSR

04 06 08 10 12 14
H#%/m
16 case3 fii 7 J)-H iR H 26
Fig.16 Impact load-indention curve of case3
- - - HUE AR
=1 —— WierzbickifliSuhJj %45 #
s TSR

T
00 02

17 cased4 fiiili 774 Hh 26
Fig.17 Impact load-indention curve of case4
129 - - - Bl mas i
—— WierzbickiflISuh /57245 5
q o RTIESEAE R

=]
1

i 71/MN
N

B~
1

0.0 0.2 0.4 0.6 0.8 1.0
R /m

B 18  caseS fili 7-JE iR Hh 28

Fig.18 Impact load-indention curve of case5

case3 5 case2 fHILEEE AR, cased 5 case2 #H
LA 12 AN, caseS 5 case2 AMHELEKAFE.. M
Kl 15~& 18 ATLAE H, case2~caseS HEHTITE 7k
R385 R 5 BUE 07 Bt HAS 2 1 45 R &8



256 T 12

Rl E A R EREA RBP4, B, AR
FEH BN B IR B AER I . AN case2~
case5 W [FEIFER] LALER R, 5 Wierzbicki Al Suh 7772
RBNFTHES AR, AR IR R TR
REREE RANBE T GRS A R .

case2~case5 [ LA LG SR L casel LA S SR
M, AKX 4 case 1, WHEREK, mdidfE
RN i 308 225 A 7 A B S R s e, Rt g i o
e T DX, AT b 45 R 58U A5 R
HRAF

5 ZEig

W LA BRI, TG ERL R 4R

() AR —Eai T 38R 8RB EE
PUE AL ST T 5055, BT AR R
SERIASTERE I ZhgE, I HOO 07 i AR I EAT
AR 6 UE AN BUEL U FH BRI

(2) A M T AR AR B, AR fT— A
ARk T S 2 AR A R AT LA AR T A RN PR 38T 4R
P51 b= A A B AR ISR, I B AR A2 52
FEFER AL TR ) M BE B FE L.

() MIHHELIRKIXT LT A, fERE A
KR, Wb it HONER R R, RfA
FEREEREBOEN, A4 MR WZE . X2
TAE AT 79 B I TEVE T R R R A R S
SRR AL AR T A o IR AR A e o i A
RN AR, A 5 IR T T JE

SE WK

[1]  Jin W, Song J, Gong S, et al. Evaluation of damage to
offshore platform structures due to collision of large barge
[J]. Engineering Structures, 2005, 27(9): 1317—1326.

[2] Gupta N K, Sekhon G S, Gupta P K. Study of lateral
compression of round metallic tubes [J]. Thin-walled
structures, 2005, 43(6): 895—922.

[3] Abdewi E F, Sulaiman S, Hamouda A M S, et al.
Quasi-static axial and lateral crushing of radial
corrugated composite tubes [J]. Thin-Walled Structures,
2008, 46(3): 320—332.

[4] Niknejad A, Elahi S A, Liaghat G H. Experimental
investigation on the lateral compression in the
foam-filled circular tubes [J]. Materials & Design, 2012,
36(36): 24—34.

[5] Cho S R, Seo B S, Cerik B C, et al. Experimental and
numerical investigations on the collision between
offshore wind turbine support structures and service
vessels [J]. Collision and Grounding of Ships and
Offshore Structures, 2013: 281.

[6] Amdahl J. Energy absorption in ship-platform impacts
[R]. Division of Marine Structures, University of
Trondheim, Report No. UR-83-34, Trondheim, Norway,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

September, 1983.

Wierzbicki T, Suh M S. Indentation of tubes under
combined loading [J]. International Journal of
Mechanical Sciences, 1988, 30(3): 229 —248.
Wierzbicki T, Sinmao M V. A simplified model of
Brazier effect in plastic bending of cylindrical tubes [J].
International Journal of Pressure Vessels and Piping,
1997, 71(1): 19—28.

Jones N, Birch R S. Low-velocity impact of pressurised
pipelines [J]. International Journal of Impact
Engineering, 2010, 37(2): 207—219.

Firouzsalari S E, Showkati H. Behavior of
pre-compressed tubes subjected to local loads [J]. Ocean
Engineering, 2013, 65(65): 19—31.

E R, IR, AR A SR IE AR 2 T A
AR FEHLEERT T[], PR30S 0fl, 2015, 34(8): 55—60.
Gao Zhenguo, Hu Zhigiang. Structural deformation
mechanism analysis of web girders during ship collision
and grounding accidents [J]. Journal of Vibration and
Shock, 2015, 34(8): 55—60. (in Chinese)

EPRIE, $HEDE, T4, FPSO MZINSS b I aE 1 iR
Mt ST LA, 2014, 3138 F) 1): 155—160.
Gao Zhenguo, Hu Zhigiang, Wang Ge. A simplified
analytical method for prediction of anti-collision
capability of FPSO side structures [J]. Engineering
Mechanics, 2014, 31(Suppl 1): 155—160. (in Chinese)
T, HEMR, T WX T EREAZRT
X RA AR B A AL TE AR FE[T]. LR D12, 2014,
31(9): 28—36.

Yu Zhaolong, Hu Zhigiang, Wang Ge. Collapse
mechanism analysis of stiffeners on the outer bottom
plate in a shoal grounding accident [J]. Engineering
Mechanics, 2014, 31(9): 28—36. (in Chinese)

WA, WIER, BRI AR AR 5 TR A A R AR T
FILERR FE[T]. PRB) 5, 2015, 34(16): 66—72.
Zeng Jia, Hu Zhiqiang, Chen Gang. Analytical model of
bottom plate torn by a cone-shape rock during ship
grounding accident [J]. Journal of Vibration and Shock,
2015, 34(16): 66—72. (in Chinese)

KR, EE, SIER. MR T 6 B T AR AL
BREVEIFU[I]. TAEJ1%, 2013, 30(8): 287—293.
Liu Yi, Wang Jin, Hu Zhigiang. Investigation on
smeared thickness method for ship grounding over
obstacles with large contact surface and trapezoidal
cross-section [J]. Engineering Mechanics, 2013, 30(8):
287—293. (in Chinese)

BRI, BREEE, 57, BEHIE FoKHERD LR 8
ZREEHIE AR o 1 A 57 T[], TREJI%, 2010,
27(8): 251 —256.

Zhao Shifeng, Chen Tingguo, Yi Ping, Zhao Xuefeng.
Fatigue analysis of jacket platform subjected to ship’s
impact in deepwater port [J]. Engineering Mechanics,
2010, 27(8): 251—256. (in Chinese)

PR, BESR, T, ARRIIARAE I BRE A R
TR0 I LR 1%, 2016, 33(3EF): 266—
269, 295.

Sun Bin, Hu Zhiqiang, Wang Jin. Force analysis of ship
bottom floor in a rock grounding scenario [J].
Engineering Mechanics, 2016, 33(Suppl): 266 — 269,
295. (in Chinese)

Hong L. Simplified analysis and design of ships
subjected to collision and grounding [D]. Trondheim,
Norway: Norwegian University of Science and
Technology, 2008: 12—17.



