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Analytical Method for Estimating Anti—collision Capacity Curve
of Fix—typed Steel Fenders of Bridge Structures
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Abstract: In this context, based on the analytical methodology of the ship—ship collision, the deformation mecha—
nisms and failure modes of structural members in steel fenders (e.g., outer plate, transverse, and vertical ribs) were in—
vestigated. The characteristics of impact forces under different impact locations were carefully discussed. The analysis
results indicate that the adjacent members at the impact location could work cooperatively at the same time because of
the close arrangement and the small space inside the steel fender, and the differences of impact forces under various
impact positions would be not significant. Based on the resistance characteristics of steel fenders under difference bow
shapes, the typical collision scenarios were defined. Accordingly, the analytical method was developed to estimate the
anti—collision performance of steel fenders, which is suitable for both ship vessels with a bulbous bow and those with a
raked bow. The impact force versus crush depth curves of the fixed—type steel fenders were obtained by using the pro—

posed analytical method for different ship impacts. The analytical results were compared with those obtained from the

x  WREEI:2019-11-04
EE£WB : ER ARPFR4 %I H (51978258 ), National Natural Science Foundation of China(51978258 ) ; g4 H AR Bl JL4: %5 Bhi
H (2020JJ4186) , Hunan Provincial Natural Science Foundation of China(2020JJ4186)
PR B 1985—) T3 LI EL A BT ACHRIERE WA S, T2
+ M HIE R N, E-mail : wfan@hnu.edu.cn



76 R R A4 (A AR B R)

2020 4F

finite element analysis. The results show that the analytical results are in good agreement with the finite element re—

sults, indicating the rationality of the analytical method developed in this study.

Key words:steel fender; analytical method ; anti—collision device design ;finite element analysis (FEA )
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Fig.1 Deformation of outer plate under extrusion of a rigid ball
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Fig.2 Deformation of outer plate under point load
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Fig.3 Deformation of outer plate under extrusion of a wedge
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Fig.7 Schematic diagram of the bulbous bow

collision situation under different sizes
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(a)BIEM

2.3 WEARELEARNTE

PR I 2E AL A TOUAR SRR AR 8 ) Al 28 )
PR AT R T S 2 B M R BE K st . S
A5 WERTOIIG A AL E AT, nTRES TR
AL IR . 2552 F1 R L A iR
FTER R AT, S AN AR AR IR BERL
A — e AN SCRRLL 7D B R A P At
(FPSO) i1 oy HYBF T e i T 3 > i R 4 £+
BARE T 2RO S AR 2 TR X A
BARARIIR 52 A B R THE MR A EE.

MBS, 4 ih T A 9 fr
N 4 TSR] s RV AL AR S S Ak



80 IR R A4 (A AR B2

b ST L AR T ZE B B P

FAI PRS2 T B 2 5 1 DL R — e R
o8 2 (K )

LR

*
= fir i 3BT
e

L3 ° ®
fr 1 [T Y
N eem acmm—m)

-

A9 wiiFkEaETE
Fig.9 Four types of impact point positions

— R, TCIE SR BRI AR Sl B A A
A0, FCARBL R AR ZERE) , PR 46 B2 fk X B 22 24 PRy
ST 53oh, AT HEKE KT 10 000 DWT A
AARZINES S N EFE PR AR RE R FE RN, KR E &
FE RS ) M B T 32 BIARASTE A EHT 2R, A8 IE
XIS, TR/ T MR S0k 2 F 0 A4
450, SR A3 (3) TR MU 411 AR T B A —
AETHAORG BV R PN 2 A B fRT AL

FEA e TR RIS LI R A A TR Y
AR Ry SR8 32 TR R i1 5. T 32 B R AR
TR\ BRI 295K, 6 FAMRZ i &, AR o i
SULE S SRAN R TR AR T X3, an & 10 TR
XIRATR 4 A KN — 9 5E T T R FE B fi e o
MO ZERTRE T, SRS BGEIE R
B —24, B 20(4) Ly AN L, BB 2R AR T X
BIAF &AL X TR AR Z), R A
(1) FCI8) Iy fEANI] , 2 A5 S i 2 2E A 5
SUBE I SRR A B 22 5. X BRE VIR AR X
SR, AR RE A, A SRS ) e SRR R K
Z5FEReE £,

[FRE, AFHETGAE T HERNTaES 5%
FIHINT -t 2 AN [R]. ) an ek T4 — 28 67 B, T it
ZIEFE N T AR B R & A AR s XA 5 =
B E S 552 70 W2 Bl — T R s AT 5 2
i L B R A AE P — S, BB 2 ok
WA SA SAL LTS 552 01, XEK
5 A S A BEAL L, A RS SRR
FuT 2R i e (BAE JG SR B M IRE N, &/
ZA T LIRSk kAR, S 5%
fie. H S SRR AR 2.4 5 RIFIHE.

2020 4F
< //0// < //0’//
<//// B </// B

// //
/// ///
(a) i 'E 1 (b)) 2

(DPIE 4
A 10 REEHRAZE T I T KK

Fig.10 Initial deformation area of outer plate

()P 3

at different impact positions

Mg Eid oA, i E SR AN AT FRITHARR
ARG 11 Frontid - g, HrhRisbg
BREE R 0~02m. WNE 11 AIEH, & 1T
fii it 01 RIS I XA AT AR ] A Aty
PS5 P tntE S R R LS 4 Tefi s
BN RS 53201, wilhdEd )RR
N TIAN, T IRERN R | TR AR
AR S AR A REAR TS 2 ), At 2 4
TikF] 02 m ), AFINCE TSRS G T2
ETREAAAZ M ZE R AR L , S 2t o ) 22 AEXT )N
8 7 1(FAa)

- —o— fE 2(CRERT P )

A {0 3CREATHR)
[ —— (7 F 4(E— ) ,

-

& 71N
S = N W A WL
, :

(I) l 0.05 0.10 0.15 0.20
i IR/m
A1l WwEiEETREA-FRILTE
Fig.11 Impact force versus crush depth curves

for four types of impact locations

2.4 NEFNEBIEGS SHHERR
XLk 4 B EAA PO, XS 2L



5114

BEAGAE AR R B AN B R RE T 2k i i+ R ik 81

HREFEE T e E R LS. ik, BEHCRE
i TR S A A B, I BB N R A
Z 5L AT

LB 12 i, 1) R ER Tt B TR S
TE AT 2 TERE I L 1 TR IT 4L R R B 2 4
TERERTIH AR, 2 2 o i s i o
Ab il HAR S SR A\ B, B 2548 o 07 B R s
O 1, BH Ay A rp AR AL AL B SR PUIIE A CEG.

X FHFER S ARG, B o 0 L, —
B SN SRS HD 5 BF FR4S X B+
WO GRARTE , K 12 (a) 7. 4 R 32— 254 73k
S HD 5 BF A X o e, s
NREIFFEEI R, BRE T — B Sl 3 S 1 AS
D. WL ANEFENS 52 I e HN HA HG
F L T AR RS 2Z X B89 i DK .DC .DE ¥ i,
1 T IO\ RERAL A 450, fnlE 12 (b) P,

XTI M0 , B AR b e 3 B o5,
2S5 310k BA .BC .BO 4L T IEFI1,
WE 12 (¢) . BiE BIE M0 — 25wk 4 il 52
B0, Z50EEN A H HO 0D .OF 4 T A1
MRHEZR S A B, T AB fEZRTRHE 2 55
TR SR AR RE J1 Sl R, et 2 5 R )
i ALAH 48 LIEAE, g 12 (d) s, {515
— PR, — B I B TE ST A (R S P A R
[ RS TR, BRCAET T T JEA R st e
BRGNS B i e s AL (1) (12)
(13) s S ¢ WBEBCH AT, 7 mEAX 53

(b)ERfffiETT H.D 5

() BIEANEE B &
A 12 #MtErSmEELTE

Fig.12 Component participation for different collision scenarios

(DBIEAE T A € A

2.5 FaH R G FHE R AL

XTTANERE R M, FERE 2T 5 L BH I K
ANTA], R DU AR S 2 i RE B AR A 7 X
HEhesE o, MZLE A5 M BH T R RRAR A0 A4
N PR, FR B SR T 2L A i S DR S 3 M
TN EFE P E . —BE LN, Sb
M AR T HE R BRI RL N AR &0 B, WA MR L.
Bl 2 Jy S far B E N AMRASIE s, Hoh s
KIE Ly WAIERIAMIAKCE K, SE B K L
IR A B AMRASIE S AR AR AP AR AR a0

e=U-=l)=1/cosa - 1. (17)

M & = g WM ZL, B cos o FHEVR A 19 JLAT
K ZRATHE H s I SR R

Ozlzi\/emzeo. (18)

e R, RN B W SN AR —
0.2~0.35. 5 FE 3 R FR00 AR BHERE | SCHk[ 16142 5
4 RSTS84 0 A8 B 0.05~0.10. #1135
A ESLPRIG O, RIEBET bR sl A A 5T A A
BUE AATEER, A SCH &0 = 0.10.

XFFRIM . 55 32 1 JE et & T R 44
1, BRET B UREE A SH, 5% 2H,, A R —IRIT &5
M Pt A E0EIR  WIES SR Z IR T, 6
HENER NSRS B A L. XHF+
FHAGOE, B 215 TR E HFARTESE N, iR
HORG PR AR T B B D=(Ny-1)x2H, .
2.6 fMEpHRERITERE

RS B 1B VI ol Sy S N S )
fE 1A FRAEA R AT Z 40, R 1 R P 5 2050 R 3 1 P i
TSRS BE ST, K m S r R R e AR ) 4y
AR LM, 8 AT B GERUEE AR

b=t +A/d. (19)
P AMIH SRR A s R AR s d
AHSR T T 2l i 1] e

27 BITitEAERRE
LG LRI, 4 AN EARPURVERERT ST
gt Rk LB E R 13

3 HEEBENE

A b B B — P ML R 3 , S T fRT AL AR
AL BRI, LU T80 i i 507 ik 3 5
i M. BEIORS 40461 5 000 DW'T 3R A A L AR
VLM EAPINEARRCRL, SR AT 507 i AU



82 IR R AR (A AR BE2R)

2020 4

B R DU ) B A

v

v 3

g

B

p==3

=

b

i
T

WEMEM T MiES

R B

|

y

BT | S ] A A7 S 1 1

v

l— TR A5 A 15 AT 2 il ] ¢
A

[ﬁﬁﬁﬁ'ﬁ%%’ﬁ%ﬁ%ﬂﬁﬁ%fﬁﬂl—l

FEER B4 T SR HMRTERRTE A HF I T4t i
SMAETE A (3) TIH5E, B AR (4) i
g

i

l i

SRR FEIR A 4 7R %

1%, BLAAI(8), AR B EE K B il

L IR A A 9 S R

A
el B MR )
(fhh )iz v

I FIEAF -5 B AR A A A 1k —

SRR - AR P, T AR
FiadrE M HAR(13)~(15),
ERERAARO)HE

Y
v Sy 2 AR, B ASE A

(N DT 5+ F R, R Pr&prBe, A A (10)
FIA R (16) R 80P # IR H

v

A
AR A S 2
A, 2 320(10)

Fifi 5 s A, A 5 At
TR AR U ik T8 Wi
BEHAR(13)~(16) 55 H At H

3 L B AR a4
CREEWI A IR TIE
J

v

LA R EAT AT (R ) (iR 2k

A 13 4REFFRIER S LB 7k

Fig.13 Flowchart of analytical method to calculate the anti—collision capacity curve of steel fender

X {VERE SO e A AT s 3 £ s e B = T T8 = W RN
TESEBR T RE AR . AT KN 28 45 i AN
FERGT T N AN R i S A N A7 BR TS AL

3.1 REISMEARAEIEE

F SCHR 146 s A T AL SR 11 RST, 43 Sl T
W AERR T AL, Qi 14 B, ABGE BRGSO fs i
I E Hiw =8 m, LEHBRBIEIAMI—F 0=17° 1
AU @ = 63°, BREGMHERER T R =24 m.Ry=1m,
Ry =0.4 m. BUEARHIMAE S Hoea = 6.2 m, | FARAR
TR —2F 0 = 30°, EHEMA o = 74°.

ARG T RN I 094 BROTRSRIM L Q235 4K, %5 5
p =7 850 kg/m’, MR E = 2.06 x 10° MPa, JARA L
v =03, e N7 NI Sk s s sy J8
FF 10 mm.

AF i I 2E R Fan ™45 2 37 B9 K 404k 5 000 DWT
BRAE AR [ A B S A IR A, AN e A A
TEB, REFE RIS i B R . BT s, B
AR ST #3325

(a)EkAH T (b)ERA T

(c)BERAK I
B 14 Asfmsa
Fig.14 FE models of ship bows
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Fig.15 FE models of steel fenders
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Fig.16 Result of case 1
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Fig.17 Result of case 2

T SEPRgE s, R AR S o e v 23 B
R AFE RIS, HO pym e 2 1 oy g o 2x

TEMERTERE , 7 T THE RS R AR, LS
1 =R By, THR T IR PR ANRD DT 2O R B E
TEABRITIH, HMIELL 3 m/s AUR) A TRERT
J1—$E TR 2 2 1 A St A 25 BE (e SCHR[26] 7]
R AEZ I B A7 B SR RE R, AR 5 7 1 5
IERTT AR, AnTEl 18 Fi.

Xof U E S EE A 3 /s W EE T, I B
RIHY R 2R AL 18 A LI, P Ak 6%
GFHW) & g I RO S AR EMA i
ARSI 0 A PR

T30 AL EET SRR IR AN EAE 1R
h— Tl BEZE R , 32 2R TR IAZhRE. HRAE AR Y
JRCEE AN, i) AT SRR RN, SRS AR i A it
TR RIR L DR, PO/, 13
HEG EF TR T PR T AERER/IN, AT AN AR Y
P BEHR IS .

i —— i DA R AT
| —O— WA LA 3 /s HTEREEA T
8 |

z,

E L

okl N

@, o I
2r S IR
0 1 1 1 1
0 0.3 0.6 0.9 1.2 1.5

8% /m

18 WA RE 7 X BR 2T
BEA-FRX AT
Fig.18 Comparison of impact force—crush depth relationship

under two different speed settings
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