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Numerical Simulation of Structural Response in Bow Collision (1st Report)
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ABSTRACT: In this paper a complicated structural behavior in collision and its effect of energy transmission to the collision bulkhead
was examined through a methodology of the numerical simulation to obtain a ideal bow construction and a location of collision

bulkhead against head on collision.

At present the bow structure is normally designed in consideration of its specific structural

arrangements and, internal and external loads in these areas such as hydrostatic and dynamic pressure, wave impact and bottom
slamming in accordance with the Classification rules, and the specific location of collision bulkhead by SOLAS requirement. By these
Studies the behavior of the bow collapse due to collision was syntherically evaluated for the different size of tankers and its operational
speed limits, and by the results of these simulation it provides the optimal design concept for the bow construction to prevent the
subsequent plastic deformation onto or near to the collision bulkhead boundary and to determine the rational location of collision

bulkhead.
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Table 1 Principal dimensions of striking ship models
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Fig. 1 Typical type of collision scenario

ol SOLAS Aol 9% 254 A7 2Eoluin o
A} 48] gl mebd BA 389 Aee
W 250 Hjsle] 1 &4 Fevh hEu vmH £
omz B AN ;eI akgivt

Fig 1€ Aol 44 3% /by Aueleg 258 sos
e () AFY Feolflare), type B)E P4 H(bulbous
bowH¥, type @©F 5w Feols ALY @A
nipo] % AFEAC| FEFE 29E Holn Ank

|g



30 NGy - g7

B AFNME 148 2A2M 3E 7P AuEe Fo
AR, F PPUF Rio] FEE AFE T B 0N
czde] MY FE Auedd ype GRS neisch
@ 35K A% NEH AR npe OF FAsk] WmsATh

o M AuRleE A AT HelHRE Fnd Ao
24 U% Et 294 2 @¥os Yt

Photo 12 type B2l A2 2ol sl@ale AAl Abwst
Hupel Rgrolm, AN Bo] FHNSE R T%
o0z &4 Yot AYHY TYHF ¥ FE 3 B

& BojFa ginh

2 FY 279 Ae] $Ese A=
DAY HRE FEUT NFEAY A7k 27 Tl T
e Fg 19] Alelest go] 242 $8 9127} thad) Bk
FEHo| WAl Uz 8% Fol 35T A%E W2 N2E
Mol £¥olzt A= hype @} Zo] A% Faolsh WA HE
qud FzAgel wel FUem 44 gudel 24wt
LHAE T5oAE URE PAASI 8 PEWel @
Aolth. Type MFT FAUS7L B9 B9 PGS
T2 At dFRez W TE RASe| 2
Hol Yol ARAOEZ WFE PR FA
go| zvl, 3EABLS WL A PE Moln,
A vErdTh A% Felols FyAFe B2
Z3ht AWHoR YU 300~100mm 7Hg B 229
B2 F840] JFBUED 23 Al FEAULL
vpe @7 A8ES Qend o] o A5R £4 Jue T
Fsh Falo] o) A9 BA AEH WL FE3 o)
2ol WAR e HolA B Rolck

W 2
2
¥o
R

3. X AlE20IM &Y

2FG AN FE SF NS AT BE UolNEo] A

Yo 73 84 7P f4% N E e dhoid
FE E=F ok gy 23 2 £)A 4] wgig Ajzto)
285 ofegol Utt. wetA AFE7R o2 wem
A7ZPE ohE Adke] FERFE AA gz A5 BA A
=3 g7t §lckn AtRETE O A olgxes fxd
AV g 493 Wien fEd PoldEe FHz g
ARbg 7120 g B8l7] wEol X MuiMe 282 &
243 & Aozt sltkm AlgHth

A b uhgR S e E /43 FRE di e
AxE Z7] fEMe e FREC g AL z2d# X
At FPshs o] vl$- F83th  oleld #AA whye
2 2 dFMe 54 uNE 73 84 FReHo] o4
HAth B M2 oy WHE olgdle A& Zeoay
MSC/DYTRANC Z B A3 9] & d/448 FAsIYk

3.1 £ &g =g
Fig 2& FA&|4 mde] A4 P4& HdFa ot

rigid body elasto-plastic

N

rigid wall

Fig. 2 Typical numerical analysis model

FEE Y HFYH MF BELS 24 uhA¥(pasic
large deformation)& FE3luE €44 Q42W A4 mde
sRer], Yela] B9Nol hod olF)e A 242 s}
A1, £ HFEA(igd walls A3 A2 Ha A 7
A 842 2d¥ 3ok

A FEeY F2 A FEAYARA FESAURIL
Haso] FHel T2 RAVE A HWYdE AAE JFEe
Z STk o] oL FEAN Y BHd) vlEle p2eHoln
2 ole FEAYY AR E 2A3te 7Ige] 7] "ol

AFETFEe 72 g9 FE22AS] Bgsh WA =7
HEol dntier P FREHE At Utk FEHFo|
dolvte 27IFH €FEL 2od FEA¥OZ JUA7}
HEEolM B3 FEo] Adets $8 FRRAN Y93 &
< 2HEE ol B0k ol 2E SHEAE AA3
ZAY BAE] Aaide 4@ FEAY ¥ Nol hod7bAle
g 2dde] Fesirt skt

o
UL

3.2 M7 4%

2 o A2 9% 2 273% (higher tensile steel)$ 20,




g ZF8A 72 83 AT dig FAANGEIL) 31

B Mo A4 7 8Kstrain hardening) BAS nEE @4
A ARE F439ch
AREYAE haF Hoh

Mass density 7.85x10°  torymm’
Modulus of elasticity 2.06% 10° N/mm’
Poison ratio 0.3

Yield stress of mild steel 2350 N/mm’

higher tensile steel 315 or 355.0 N/mm’
Hardening modulus 1.18 X 10° N/mm®
Rupture strain 02

3.3 ME MK (strain rate) &3t
A FEEAE B3 FP)BRR HIAEKEE JFS
= AR9 B4 A9 Wiz gFool 3 F FE
8 g,= Cowper & Symonds7} Aot olg] 4oz H

& 4 Aot

@ oo %

Ty = 14 (¢DYP M
7%
A71M, oy : AR B3 P 2

oyo : Az FA ¥E &
D, p: Agc] w& g+
D = 404
p=95
high-tensile steel
:D =335
p=5

mild steel :

3.4 ¥71E2Hadded mass)

FEMY 7o ] fuElE $3 A2 W (dynamic
water reaction)oll= #l42] RrpHa gnE XEgsid, B M
Ale AA) Azke] 20% S Rrldgos 33T olE
HrlA e 7|E2e 2EWH HDAMEd o]fd® HolHurg
FnsEed, gtygoz FEML 5:20%, HFEHL 2040%
Wl gon ol uiF HErER A HaME AR
A HES o Ftin AR HUY.

4. 8o 2y

25 Muke 105K A f-2ukaoia] 300K VLCC7Hx]9) A8
W f2Ae ddted gk AdElolA Y] 150 knose] £E2
FEd= Fog M3 M2 HAIE vadidon, FE
AUl 2= type MR P SEEA HAFH FH=EHe
AUEeE FHoF s TE  o]F 35K ARk A
$elle 25 Aluele ype O (©F FA3A &4 oy
2 AASE, ADSE RS Al 2 v mEkdoh

4.1 ¥H&8(deformation) ¥ E2|(collapse) 7|7
Fig. 4~62 35k DWT H{&rhdel 285 F 04% wof

vsaol
setauk_Pringe
Max? 7902 QN4 71
i & PNe 08y

Fig. 4 Bow deformation and stress contour (35K)-type(b)

MSC/PATRAN Version 8.0 21 -0ct-99 105844
Pringe: Results #1, Cycle 38064, Tyme 0400005 RFPSTM, - (NGN- LAYERED) 7 2202}

1.0,

. i
bz 3250t __
setuut_Pringe
Mex? Z@@NATL
Min3 28501 N4 2020

Fig. 5 Shell deformation and stress contour (35K)-type(b)

MSC/PATRAN Version 8 021-Oct- 99 LG 3458
Fringe Resuks 1, Cycle 38364, Time DADKIDS: EFPSTQR, - (NON-LAYERED) 3.7

defyun |
Max 3.07+02 @Nd 2142
Min 2 O+ QL @Nd 3014

Fig. 6 Deformed collision bulkhead and stress contour
(35K)-type(b)




32 RER

¥ 95y 1 we B7b $3 B¥9 B¢ BRI Uk
Fig 4 2 5olAlsh go| Aluele type (ol A7 FAUF
o] ZE& Photo 1 2 Woisino] GKSSellx Fag Az 3%
Aol AgoM  dxEA  wEHd FEY “Eso
Malaysia”s. A4 =] £33 fAHR <JefE Holm JUth
ol a4 WEdd oF B3 ¥AE FATY FH T
By 2RAog AL F3 ULE & & ATk
Fig. 6clME 35 ¥ 04X W 387499 &4 2XE Ho
23 gtk dA7l4 FEAY esART FH FEIHR
oz AREd. FEF FREAL e 71EE Ha 9
S(rupture srain)®] O EE FEY F URAT ¥IE vt ¥
kol £9alA gttt @ AgE 1 AR 2AFETE H
o ojn] oa Wee] Yx FE FAES FE AF AF
wr U gt A9 e A el At T
A dato] AAEYTL B¢ YLEZ ol AA Zol| A 2]
8¢ 7|%o| glojo} grim AtgdTt
wa 2ERAdMe AR 24 d¥e FE Fo ¥4 ¥
segon 24 AHE BTElopIAT dAle AATE
= gaol 977 e FEoMe ¥HE e Hud 4
9 Azl ojstd 109 e AA %aH ol FE F AR
Prow Zyl= AW AR Hlmie] of 20% B
}.

ol
L)

ofM
N

"D’r—l_‘ﬁ‘_{nﬂ‘.ﬂa
L%y

2

2 wolqty. HEE TS nT HAE
neisle] Age FH FELHLE VT
HestaArt

Aae Amnd, x7] 2% F PAASTT
71 49 oUR 7}t Fig 4 2 Sl BX
Ay Ao] BASel B¥ glo] v
Floz AgEo] FEAW =dH#,
uAZ 2844, 53] du3 FE Aol
oM AAJo] HAHD USET & F ATh
% 2% T3] ZHpenetration depth)e] ko] ¥1F HZ
Azeod 25 A9 7Axe Zdoluth WY A FF
We oln 24d EZEE 5 Atk BF HEY #F AR
71 gle A 28 &% e FE AP gt obd
25 ZAule] gugto] 2o =ET W Beishe Aol &
Galvta 2o

Fig. 7 — 9% 100K Afdel $5 F L= <]
9 g2 B¥eol Ffo|m, Fg 10& 105k A f2uide
% 10% o), 7183 Fg 112 300K 3 Sz F
L1z de Wa 2 98 P¥e| m4g 77 Bol Fasitt

0K M E 35K 7359 Hae BEd e fAle, S8

¢ o lo o lo

do

N}ﬂz)z_g_l%;
tlo

rﬁ—g

\rﬁ&j
O_,_‘_H.t
P

K o
o

e

_1
_.{
o o
4
rid,

Yoox B orx

x4 ot

3714
At

ol

o e
ot o

i oy (&
dob i oft

saols 28 A¥el 24 FHE PRI
cosdes o gk Teln Fg 9old uw 39
o7l AXskm e FAAAE 24 due e
weizs glom, ol A%F 3F ¥ 4PN 5
qUARE 1A BA A% gmez AuHel FEAH
AelH A4 ekl mgehE, 1 oEeR FU F Al
gatel 20402 50 3T oUXE WgE 3l
2 & ek

i

]

|

st
i

- up

" - BFFS’ - - 9.56.0%
><_

-122-0

defauk_Fringe
Max 596402 @Nd 4069
M 0.@Nd4525

<
100k

Fig. 7 Bow deformation and stress contour(100K)

MSC/PATRAN Verdeon 8 027-0c-95 09:19:09
Fringe: Resuks #1, Cycle 159095, Time 1,100001: BFFSTER. - (NON- LAYERED)

Y

2

= -1460-O l
defak_Pringe

Max 874402 ®Nd 5158

Min L @NAISZ

X =
100k side shell

Fig. 8 Shell deformation and stress contour(100K)

MSC/PATRAN Version3.0%7-Oe- 99 09.07:55
Pringe: Resuks £1, Cycie 159895, Time 1.100001: BFPSTQ2, - (NON~LAYERED)

plasticity

defui_Pringe
Max 24402 @Nd 1658
Min 2.00+01 @Nd 1276

100k coliision BHD

Fig. 9 Deformed collision bulkhead and stress contour(100K)




-4
BN
ol

2 FEAHY &=

5 U E ol dEEH F EAQZRE olx ArE MYy
ertel wet o A=t AYEN, 25 nF Ao 4
A & #A9 duA E5sdd we AFENYT @
& stk

SM-
defoult_Pringe
Max8 2 @Nd 2195
Min 0 @Nd6119

Fig. 10 Bow deformation and stress contour (10.5K)

300k

Fig. 11 Bow deformation and stress contour (300K)

4.2 E& YH &=(critical speed, Ver)

SE dA & My FE F 2590 FEAHo|Hg}
T AE 8 2 meg W2 FoslH ot

Minorsky®] |23 5% BFE9 ¥zoz gz go] &
E dAET VS 7 ¥ F U

Ver = 2;9;—“1 ()
71N Eor @ ZE A Y F FEAHC AL @

3 AFol g PR

33

#geo] 2B Al F5 AU
m o RARE T el 3

£g FEAY FHoUAE $E F S5 ad fE e
TEAAEMN E 25 A¥EE Ao ek
Ekin = %m(v%—vi) 3)
A71M v = Adute] 7] FEA Sk
Vs = FE F FEAY AT g5 T
& Azrelx o] Mupe] &
12.00 - Sy
| !
S i
£ 800 - | LY
a . | .
a T !
- [T o ;
2 \ | : | 105k
g 400 - - i 35K (type (b)
£ | —@— 35k (type (O)
[ e L
00 < - L —4— 300k
0.0 0.4 0.8 1.2 1.6
Time (sec)

Fig. 12 Penetration depth-time relation

16.00 |
7 1200-
o
=
=g
g a.uul 105k
5 : 35K (type (b)
E a0 ! 35K (type (0)
‘ 100 k
o | 300 k
000 |

00 04 08 12 16
Time {sec)

Fig. 13 Impact speed-time relation

Fig. 12014 e #Y%, FESE 2 &4 $5ouRd o
g AlRte] Wslg BoFa gloh of7|a Mutel AsjEa 7}
7} 2 @skge] tian, §3) & 279 35K AH-ude
ME FE AU vpe ) 2 © wEME g ajolst
USE U Uk

B FE Aol HE: FE =G AR 2 2 e &
d &F AUA, 28lm 8 YA £EF F5PH Table 29
Edg=g




34 Alod Al .

1.6E+9 IR R
' { i /
e )
e T/ 2% T8 S S —
& L o
& i P o
g B0 L (AN
g — @ 105k
= Tl 2
% a0t | e 35k(type (b))
=1 81 T AT
= 7 ] —-Q‘—Qj—- 35k (type {c)
1 P e ook
0.0E+0 T

y ™
00 04 08 12 "'1 - 300k
Time (sec)

Fig. 14 Lost kinetic energy-time relation

Table 2 Summary of critical time, lost energy and speed

DWT cntx;:;lc )nme lost ;r;ergy (zzetcsl)
10.5K(type b) 1.0 4.0x 108 13.75
35K(type b) 0.4 2.27x108 6.05
35K(type c) 04 2.51x108 6.37
100K (type b) 1.1 8.084 X 108 7.27
300K (type b) 1.1 1.06 X 109 6.28

Ao} FoAN Aon el 27lo] wek A &wo} 2
2} Apolzt glom), B3] 105K B H-eutio] the Aul] u)e

2E 29 Are] 4% PRo] JUACR FE A
Yol Freke 2z AAHY e ¢ & ok

olsh go] Aol AWz BYY, SAouix, YA &%
ol wwae] o] 22t T, ol Aeyel A7l 28
& mfslx) Rem HAHC] Utk Ae & 4 glew, 17
o= FEAMe] 9 Huke MY} Swe] BAglo] UH
S Heste se By @ Pholan Ao

TmE A FWAM Asrel AT e 48, 4

2 A SEol mt A8 U AA AdD A48 3
of Yok, FF olele BN HA] A4y 4A <
7 A% Agselol @ Aoz Argd,

1= oy

5.8 &
TR Algdold WY o8l =7

£ 7Hg3le a3t
Hon olaig whe F&F AUzl ZE(ship to ship collision)
Nrel “FE3FRY ‘%l ] A E vinsld 28
< 2T AA 9 FEAL o AAE = e 7z
A7t dohn B wepd B oA

A%
FEBE oldg AR Al
Yol e 89 Wl Thewt 2ol AEE AR Bk,

2 dFddMe
E fRAel A FHer FERE

(D AL type Byl Hel A9
HAHe} FAS FHRE Bolm Y} &

2 e P2 e R

Z—-i‘iM*H ZJCH %i"é %‘é‘%
HoljA] G
(B) FEAYAM AASE0] FEEA FE £ YA FE
o] Fole FE BUFY 47t old FE AHe 2y
gl a4l =8 w2 Fojshs Ao) eldd AHolrh
(4) el A7ER A, EdouR], YA £5 So] I
ol §lol 2zt thEn, ol Mk AAVF 258 s
2 @3 AdAFo] sithke A& ouisle, E3] 2EZ 9
A A J8, 4% 2 £59 @Al d8¥ea A
AL 2l Wolda AlRHD
Aol A Ao AR, FESE o MpRe B

A Y e grd ot $EZR Y 9xE dRe] 9
sta], WA Ao RAZN HdY qUAE T4 F Y=
TR HA AAZ AAlFo o dloln w3 F4E S
AUzt ez HeHA ke X w7t s
= FA A H e 4EA e @Eﬁ Asoraict.
6 ez, AAE Ae¥e WFE MAMNIT dupse
A8 2 A7 4% wel 2§ ZMA HAE ARt AT
BAAN S =233, olE f2AM, HeolYA, oA, AR
;

r

e

e

G &

f

4]
—_

o} el Ag AH&3dte] duiste oz HAEE £ %
dsojok & Folrt
#1083

Abramowicz, W., Jones, N.(1984). “Dynamic axial crushing of
square tubes”, Int, J. Impact Engng., Vol. 2, No. 2, pp 179~
08.

Amdahl, J., Soreide, T. H.(1981). “Energy absorption in axially
compressed cylinderical shells with special reference to
bulbous bows in collision”, Norweigian Maritime Research,
No. 4, pp 2~11.

Chang, P. Y., Seibold, F. and Thasanaton, C.(1990). “A rational
methodology for the prediction of structural response due to
collisions of ships”, SNAME Transactions, Vol. 88, pp 173~
193.

Che, J. S. and Jang, G. B.(1995). “Numerical simulation of
structural response of D/H VLCC in collision”, PRADS, pp
2.1036~2.1047.

Egge, E. D. and Bockenhauer, M.(1991). “Calculation of the
collision resistance of ships and its assessment for
classification purposes”, Marine Structures, Vol. 4, pp 35~56.

International Convention for the Prevention of Pollution from
Ships, 1973/1978, Annex 1, ChIl, Reg. 13F.

Internationa} Convention for the Safety of Life at SEA, 1974 as
amended, Ch.[I-1, Reg. 10 & 11.

Jones, N. and Birch, R. 5.(1990). “Dynamic and static axial




A 284 72 B3 A A FARNRILR) 35

crushin-g of axially stiffened square tubes”, J. of Mech.
Engng. Science. Vol. 204, pp 293~310.

Kierkegaad, H.(1993). “Ship bow response in high energy
collision”, Marine Structures, Vol. 6, pp 359~376.

Lehman, E., Yu, X.(1995). “Progressive of folding of bulbo-us
bows”, PRADS, pp 2.1048 ~2.1059.

Minorsky, V. U.(1959). “An analysis of ship collisions with
reference to protection of nuclear power plants”, J. of ship
Research, Vol. 3, No. 1, pp 1~4.

MSC/DYTRAN User’s Manual, V3.0, The MacNeal Shuwendler
Corp. USA.

Ohnishi, T, Kawakami, H., Yasukawa, W., Nagasawa, H.(1982).
“On the ultimate strength of bow construction”, J. of the
Soc. of Naval Architects of Japan, Vol. 151, pp 174~186.

Ohtsubo, H., Suzuki, K.(1995). “The crushing mechanics of bow
structure and its optimal design against head on collision”,
PRADS, pp 2.1060~2.1071.

Paik, J. K., Pedersen, P. T.(1995). “Collision strengh analysis of
double hull tanker”, Trans. of the Soc. of Naval Arch. of

Korea, Vol. 32, No. 1.

Pedersen. P. T., Valsgaard, S., Olsen, O., Spangenberg, S.(1993).
“Ship’s impats; Bow collisions”, Int. J. Impact. Engng., Vol.
13, No. 2. pp 63~187.

Shin, Y. S, Park, M. K.(1999). “A study on the bow collapse of
high-speed passenger craft in collision with bridge pier”, J. of
the Soc. of Maritime Safety”, Vol. 5-1, pp 1~9.

Valsgard, S., Pettersen, E.(1982). “Simplifier nonlinear analysis of
ship/ship collision”, Norwegian Maritime Research, No. 3, pp
2~17.

Wierzbicki, T.(1983). “Crushing behavior of plate intersections, in
structual crashworthness”, Butterworth and Co., London.

Woisin, G.(1976). “Collision test of GKSS”, Translation from
Jahrbuch  der  Schiffbau  Technischnischen  Gesellschaft,
Germany.

20000 349 24 1 FH
20000 549 15Y FAHE Ay




