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Abstract

This paper presents estimation of deterministic damage extents and locations due to collision and grounding which are defined by ABS
guideline and DNV ship rules; It is noted that the overall extents of damages from DNV are larger than those from ABS, Nonlinear FEAs
are carried out to predict residual longitudinal strength of hull girder with asymmetric severe damages. The accuracy of the applied FEA
procedure is proved by comparing FEA result with test result of a 1/3—scaled frigate, The investigated vessels are a VLCC and a
large—sized bulker for which evenly distributed heeling angles from 0" (sagging) to 180° (hogging) by 30° due to damage—induced
flooding are taken into account, The reduction ratios of the ultimate residual strength for the damaged cases to those for the intact
sagging case are shown, It is proved that the grounding damage case under DNV assumption reveals most critical the residual
strength, The design formulas are presented to assure minimum residual ultimate moment after damage,

Keywords : Collision (£5), Grounding (Z1), Damage extents (24 37]), Damage location (4 2IX), Asymmetric damage (HICHE &),
Nonlinear FEA (H|MS S8 @4 &li1AY). Ultimate residual strength (£1& THRLE)
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Table 1 Damage prediction by ABS

Side damage (collision damage)
Longitudinal N/A

MIN(0.7h,b") for deck level of tanker

Transverse %b " for below deck level of tanker
0.5k for deck level of bulker
D
Vertical MAX (Z 4mj
Bottom damage (grounding damage)
Longitudinal N/A
B
Transverse MAX g 4dm

3
ZH for centerline area

Vertical
lH for non-centerline area
D M1
B N=
Vo NS Qi 9|F A Aolef 7+
hot AE 2ol £ &4 37|
H © ST} o|SHE Ao]e] 7HA

372t *IXIE MAISIAL20, Table 20 R2F5104 LIERAALCL.
chd Mxet o|F MAME TE5i0d &4l F7
o, e MHo| d? 0|F UMECE 2 &akel 37

F1 9ick

Table 2 Damage prediction by DNV

Side damage (collision damage)

Single skin Double skin
Longitudinal 0.1L,, 0.1Lg,
Transverse B B
16 16
Vertical 0.75D 0.75D

Bottom damage (grounding damage)

Single skin Double skin
Longitudinal 0.5Lgp 0.3L zp
Transverse 0.758B 0.558B
) B B
Vi | — —
ertica 5 &

LBP D MZEE
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DWTE Hgo tankerZ} 181K DWTZ L
Cl 73leasiM S 25t B4

ol %’—Iilﬂ 2|=Z(transverse frame) &t 7

X|4E Table 301 LIELHALCY

Table 3 Principal dimensions of the considered tanker

and bulker
Vessel Tanker Bulker
Lyp (m) 320.00 283.00
B (m) 60.00 45.00
D (m) 30.50 24.80
a (m) 5.68 5.58 at deck level
Tse (m) 22.50 18.20
b' 3.4 N/A
H 3.0 2.6
Toe : 2HEY 25
a 5B 2

3.2 &4 37|

Table 30l LIEfH F£2 =2 J7|FE2Z Table 1 & Table 2
£ 0|35l B= & Ex0l| ofg &42| 37|E Table 4, 50
LIERAACE DNV B& &4ko] 29, 2ol Wk 4o F7|= =

reverse rotat|on)/\|7|'3j o|z olgt
moment plane)ol] Zf& EHJ#, oHE
Eoll 2 wstKFig. 1() bx).

CHHof &*%sl% E%EE ol5}od E_+D4°| ofd @4F H|EM

/\/-\

A

Equivalent Force®

G R i .

T T TS

= 242t 2|9k ABS fAknlo| Al H|WE (50 53 7t * | E I
Ag s Zafeke oz JIsIqcth B30 olst 249 e 1 : Ed
S DNVEALS ABSHCH &Ale| g | ojEskm fleod, ¢ . *
Eo| 3| &4o| F7|= AES| 2 Aol HECt ESt B=xE & - - e
Alo| AP DNVAAH Z2 ABS AL Zof| H|sjof 3ix{5] 37 of E ; 2
=82 ¢ 4 rt N - e a
E F a & 3
b b e e L
Table 4 Damage extents due to collision (unit: m) (b) Moment plane of a ship
Long. Trans. Vertical Fig. 1 Definition of moment plane
ABS N/A 3.50 7.50
Tanker
DV 3.2 3.75 18.3 Choung and Kim (2010)2 4le} cho| ChalMe &o|ah)} 3
Buker |25 N/A 3.1 6.2 oni, thal ThEe ME OfF, A Y, 515 OjEel 2= A
DNV 2.83 281 149 2 OKEsjof st A2} CHEOIX|R SAL = 5150| HIHEY
49, BN s o2 oo TAE SalsX|e ZHE W)
Table 5 Damage extents due to grounding (unit: m) SIAF HaSIK|S o/T) R ARjo] AKRE! AE CHEA. SiAL
long. | Trans. | Vertical IEAN, 515 HEMs 25 QEshs 2ot BN S7i% 1y
Tarker  t2S N/A 100 225 2 TAlS S5 RHE HHT BASIC) Hol Ciel @40
DV 9% 33.0 4.0 LS E= MAPLHERN S AYE 2T ZHE WS 0|F=
Bulker ABS N/A 750 1.95 M2 H|EH F2F HH(inelastic neutral axis plane, INAP)2
DNV 84.9 24.75 3.00 2 Hofslc). ciHg o|R= 4= ZHEY} fukst o 5150|
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Table 6 Boundary and loading conditions

Boundary condition
Coupling dependency T'=R =R, =R,
Longitudinal center plane T=0
Reference nodes R=0
+|R?+R?
Reference nodes R,= £0.56 cos¢ (rad)
R,= £0.50 sing (raq)

g DUER olslol 52 et BRo| kBRI o2 2ol
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(a) Collision damages(ABS) (b) Collision damages(DNV)

z

(c) Grounding damages(ABS) (d) Grounding damages(DNV)
Fig. 2 FE model of a tanker with collision and grounding
damages

(a) Collision damages(ABS) (b) Collision damages(DNV)

(c) Grounding damages(ABS) (d) Grounding damages(DNV)
Fig. 3 FE model of a bulker with collision and grounding
damages
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(a) Drawing

(b) FE model

Fig. 4 1/3 scaled frigate
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Fig. 5 Comparison of FEA and test results for 1/3 frigate

model
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Table 7 Comparison of ultimate moment capacities for
intact condition (N.mm)

Moment plane (deg)
0 (sag) 180 (hog)
FEA 1.249E13 1.304E13
Bulker
SSA 1.062E13 1.286E13
FEA 1.960E13 2.317E13
Tanker
SSA 1.625E13 2.413E13

SSA : IACS (2010a)oll MA|El 2|F @8l ZHES| 70| FHH
(single step approach). SEIFA = Aol Cist |
ol H2|E ol8sto] thH A= A, IACS (2010b)= SSA
£ HMAIsK= &3

= =

Fig. 62 Bl&at Msio] M2 %71 (2HE BH 05)oi| thet
SUEE 7|FoR SHE Beo| M XE 23l IHEC| &t
22 Uekict 2UE FHo| WS we fxMel 35 34
SHE Z7180| AL2Mo| B[50f #iXf5| 2 KO Liekict
et MZof 2Rl 28 BE BUE AEA S 2HE B
0l EY T JhE 2 BHE XER2 LEpon, RxMel A
$ RO HH OEOIM MY DU BlSlo] of 26 HE 5

ke Aoz HodRIct

Moment Plane (deg)
90

+—+—+ Intact-Bulker
O—H&—+&] Intact-Tanker

270

Fig. 6 Comparison of ultimate moment capacities of intact
vessels
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EF—H—+£1 Collision-ABS
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C—&—0 Ground-ABS
®—@—©® Ground-DNV

330 210

270
(a) Bulker

Moment Plane (deg)
90

150

[—H—+£] Collision-ABS
W Collision-DNV
G—6—0© Ground-ABS
®—0—@® Ground-DNV

330 210

270
(b) Tanker
Fig. 7 Comparison of ultimate moment capacities after
damages
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