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Abstract

During the last 10 years, the various type of high speed craft have been greatly developed, and since
around of 1990 the large size of high speed passenger and/or cargo vessels are also introduced and took
into the service in the various routes over the world. In a marine traffic way some bridge need to build
across a rivers, cannals or a waterways. This one will be an obstruction and potential risk of collision
in the way of high speed craft. Accordingly some of collision accident have been reported, which were
caused by a lost control, wind and hydrodynamic forces, fog or human errors. In this paper a high speed
craft having 40 m length is assumed to be collided with a circular type of bridge piers at right angle.
The mode of deformation, penetration depth of collapse, impact forces, reduction of speed, loss of Kkinetic
energy, and influence of scantlings, etc. have been calculated in each speed with a time variation to find

a maximum values within a limit, and are graphically presented.

- AT, HE2A Flen
e FFoPAGE 35

“a



1.M E

g

T4 A # AAA Fre g Fo
7zt A Q7 A5 38 5o QoA 1435
P Aol of-f Folxz glon o]d wz}t 10 &3
AHE] 200-400 % SAALY 48 mEoNAlo]
gk 90 ool Sol kA= 500 B oAk %
Addat 100 49 g A e 9y
F&3 A 0] ursle} Adsla gt mEA A
Bake] Fule AdAdez siazgge] A2
viebite] ofof mpe} Alut AFE 7 SEAY] Eo}
Az glon =3 Hi} 2EW o9 shiz B4
A9} vy d5n P mgelv HYT2E
o] AR B R A, old FEsl= ZEHALTI} o
AEe] =3k o] ¥ AlEe] RuH T e AA
o]th[1, 21. GT 500-4000 ton & =9} Alupe] w7z}
o $EA FEUARE 24 2 FdquA
£ FASNT 29 E S st oHo-11)

249 FEATE AAY &4z Qs ¥
Aoz wae 7IEFSd I e U4
o] AN AA mlE EA7 Adsinzg 25
ol 3 Fxo S F87 FAAle, oA
Aol 2E¥A9 7 FANnE FEE U4
He 24859 F2E9 34 2 39 INE

[

[

o .
o

o
2 A9 e fPozve 49 44 B ¢
A A So] F& 4 FAelth oAe 2

A 358 383 AV ol RAR L A ¥
o, 7 dF AHL nujy Fxoiri(3, 4] HZ
&5 FERC g 240 £32 »igloHsl
gely] p&gAdL Az HSde £49
AL A FE& =Y AdAzs) AF3) 8
FHI e ARl

B =EE A AAEE, uistely stxe]
FoT U F2 o), FAAU 2FETAH
AR5 AFz A7 FF At 53y
ol 34 A% gAML FE AAE FH A
53l Ry glon, 53 zHie) S5,
#q]  Zo)(penetration depth), 2 (impact
force), FollLi=](absorbed energy) 59 #W3E
ZAEIQ AL, w3 Aztae] FAE d3A0 =

o3

o2

o @ W2

-3

=2

ol st A= niastin.

. TE AU Y

N

S AlUE2

AN 7T FEAL AOmF T BF
Ao FEAEFAN 2 - 4FuE
(AAD083-H321) 2 FA3tglen] 54
,2E]a 2 g e So2 FAE #x4
FWAlelct. ZPFAE £ Y] 2dE AE
HolAdslgded 2d(1)E #Y FAE 5TL 5
mm, % 2 #E 8 mmB sz, 2A(2)el]A
 Ztge) A% 6 mm HEsl] F zale A
35 w)zsledct
Figure 12 7M 14
< 2oFz 9ok

5 ore

[

L

'~

)
.
pod
=

A [T -

L, o mk oj

A

1

AL A mdug

Fig. 1 74

FEAYE L=

FARE St TEEE £ 73A(rigid
body)2] F2 715l 53 A9 MRz,

ol m&AHL £xr} 5 10, 15 20, 25 2 30
knotsell A 27t 2E3le 7oz sHA sk

3. Xl AlZY0[MM(Numerical
Simulation)2] g

4 A7t AE ¥ & ulH(dynamic time

integration explicit algorithm method)22 3%



2% 4AAY 27 5o AT T

et

31 M E 2o Yei(extent of model)
Figure 1> s a4 22 ofs HoFa
ded AAd AlzAlE S-S Fasle] mdy WYy
£ Aagded ol AMEE FAEA FA
ARAZEE Zole BHE T &AM, ol27 7
of 2la) FEA A4 B8 VA" FE2 24 o
¥ (plastic large deformation)& F3lEZ o] &

= =4 (elasto-plastic) 842 2dgsigdm
YeiA) QAR BE A4 AR W8 33 4

L o] WHYE Bt ¥ (elastic defor-
mation)AFel el gle g I e FANE =25 ¢

F 2 Jed Aoz wEhA o] B9 A
(rigid body)24 =3t

=

32 Mz 2M%

2 g4 2549 AAL
H32D0ld, & dAdxe
hardening)38 A=} ©
zestsich.

o205 (AAS083-

24374 3 (strain~
#-E 4% (strain rate) E3-5
Mgl EAAE ohSx} .

Mass density : 2.85%x10° kg/mm’

- vield stress : 240 N/mm®

- elastic modulus : 6.8x10" N/mm’

- Poisson ratio 1034

- Hardening modulus : 3.0X10* N/mm’

- Rupture strain 102

a3 Cowper2} Symondsl6]7}

HEE &%
o A

A okgt 2l o2 Al4rE o)

3
-\ U
O _ £\
Oye 1+ ( Q )
o 7] <l M Oyo A 8-
Oyd 5 FE3y
€ E7le HYE &5
Q, P: A
Q (S™) = 6400
P = 40
33 83M &0
GFulg T2 £Hd Tl dybHoR
ZH(stee) T30l BlE}e] ZA F3Fg wreviy g
2 Qek[7] 2R B s £l Ad
= FAEg
3.4 F7tZ2Hadded mass) ¥ |2 (hydroforce) 2l
&3

2 FEA PEEE 5 OFA 9
(dynamic water reaction)elli= dj=2] 1A X
2 E3ein, 2 SfMAAe A 2FY 10%7%S
ol 2 westdct

w3 2EHAA aeistdel e Al ZHA
2% (rigid body motion)2 A A Az A wo
Wl E(mass moment of intertia)®} F-#3AH
(hydrodynamic force)ol 2}& AA-+Eol 2&F
o, AAY AR B 2edEE 24y A
BE FA Ay A FhE)el e ReiE

e Adssie

3.5 Zich B8 E(rupture strain)el 2|

RN

2 Ao 248 dFely F T2 st W
8L 20%°) oz gelstdck zeih A
GFuF AR g Aol 7 o2 7HA
kel HFAEH 7)FS AE Aol HAH FES =

ol7] $lsiA wiAsichn 2ok



gt

<

28
T om
e
o e
5
4 o
i

.XTu H

w
el

o

!
o

Figure 3(a)+ 5 knot
A

& Za}
& & (deformation mode by collision)

lo

-
=2
¥o Reg veFa gk

ot

0
o
o
4
or

5<% 30 knotsA| Y] &

b=

41 BE

ook oy b W oo
" P ooy T e
,mM_zTL_.o_a
2 F N ojn o
g A Htg
ki.ﬂoT_ol.m
O oo o 1 F
~ Al ™ B
N DA B -
._uTo_am.mﬂ.mam.
T 88 g
R I
M“L_LJEMNM&L‘%
§E T o
i W
ﬂudmﬂi_.uTHTMO
T T og By
Tt iTn
WO\x.UuHT_Iv_y&E.N_
o Mo or o .
5 ARy
Weut..ﬁATﬂT]]M
mTT YN
TE WY oA
LS TR
g S A
TR e T
N
oo Mg g
T Sy
riEfeis
- ;
ﬂﬂﬁ;‘a‘.mhﬂﬁn_,m‘ur
I
o—._ .illutoua
E%aﬁa Z {p
,w.._ﬂ..mlirdwi
BHoOowmubk oS
" W T =
X W
iﬂﬂl._ﬂla—.]o
X = 2"
dw.h%mu_a.m,_
e Oun(/,_\
N N
=BT g 30
I e o
Tk AT M

N P
et

-

N
™~

WYY 2y

Fig. 2(c) 5% (.12 =49

A

H

(]

Fig. 2(a) 5% 0.05%v =92 W

(A< V = 30.0 knots)

(A< V = 300 knots)

AXX
QRS
W

(XXX
(X
"

OEsssy
X Eﬁ\
N
o“ow“o\\\\\\l

.
X

()
50
405

Fig. 2(d) 5% 032 =99 #gs =

AT o

NEZ Lt
N |
=

NAATFL L L
SNNree e A

2

(oD _
LU ;
QBN AR
NN T T T
NOSUAXTTTT 1
Nl
ez

==

o] Hyd 24

Fig. 2(b) &F 0.1&4 =4

(A< V = 30.0 knots)

(A< V = 300 knots)



3% odAgel 27 234 dE @7 5

Z

YV\T/X

Fig. 3(a) =% E‘Q—q 24 WY E BT
(A% V = 50 knots)

Fig. 3(b) 5% 249 &4 HYEY ¥3X=
(A< V = 30.0 knots)

8} (collision resistance)} ZEF5o A (energy
absorbed)dl] whet A3 2 A} F=A WY
T ok

42 ZA(mpact force) 2 715 =(acceleration)
=y

Figure 4+ #E4% 30 knotellAl 5% 44
o) AR FAAe] 2AH] AzbH wslgg
RojF 1 gict, FE5F 0.01% FoA Hd 49
o] WAste, ol Ho FAHL of 1.25X%
10°(N)22 zgsiqdcl. 2% 005230l I

LEGEND

——x-pere
¥ = 30,0 knots

Fig. 4 249 (impact force)] A|Ztel o1& B X

06x10'(N)e.2  Fradlgicizt 009&F 03X
100(N)Z 2490] 3E 00122 F & 08X
10'N) 22 343 Z7tstdr} ghA 343 24
st A1E o] 032 7AAE 01 AL U}
gz ald. olF 04% 7ZAXE HastA st
Ot g FHdoz A &3 sl
0552 F ol AL AZA ] |23 et FF
AFre 025247 A% o) AEE AL

Bole AL AFYgez sEEd o B4Y
o] WyEE WAooz A, 0252 Fot 3
FUoz BN Fastned ATl 2

2
&34 ® Aoz AAEd.  Hd FAHAYHL
Newton®] 7H4x ¥ 93te g3t o) 2
A 7R g2 $AE 5 Ak

__F
(M+m)
F o 238Mm
M : AAe} A=k (170 ton)
m @ B} A=
a @ %73 7IE=(m/sec’)

dupA e gt As $A49 g a9
g 38 Hd 7EEE 10g (9714 ge Y 7S
2)E Fel glon, o714 §41 AR 33 7S
=& o 75g2H AY] 7|ELR v agchd 4
Ao Ezictn & 4 Ao B o] #A




t FAHAE A% /M 154 mdel AT 9
29 zrolzkn & & glon A e ua}tsts AA
a2&A ] A4 A A mdo FAGPLE
zd3do] Hg A dE F e MEEEAN A9
Exo FEA] A2 MR ARF AG & &

At

43 Mo HEF STl 2 EF ofyx
(absorbed energy) H3F #At

Figure 5% 15418 $EF £x9] W3 A7
Y3 vepd ool Ar] 2] £EA4 &
o] Wste AR A AdAeR FHE3ta 9}
o 27] $x7} 245 $59 #HE Vvt 2
A F& 4 4 Ut &=wslE Sknotsol A
25knots7HAl = A& AT A&7 L71E Beln
gj2v}, 30knotsell A& FEF 02271 = AT
718712 FgEigrt ol Feoll= A& ASEods
FEE S g ol Ytk ol FEA A
89 W¥-F & E(strain rate)d] & T4 AF9
ERoe oAt

Ship velocity (m/oec)
Ee01
0.4 //"v
0.2
{
. |
-0.2 m -t |
o.af— — - seesen ok |
o] @ : v = 6.0 knots i
] @:v=100knots |
il ® :v =150 knots |
] : @ : v =200knots :
vl ®:v=250knots !
-t - ® : v = 300 knots !
1.6 T T T T T T '
o 1 2 3 4 k] 13 7 E-01
TIME
s
Fig. 5 $%% Al<&(ship velocity)8] A17kol] w2
TE

Figure 62 %9 <43 5 A(lost
kinetic energy)®] W3} AZPER epd 19 0]
o, 7149 &4 ey vlE FEF Al
o4 EF43 AR FSoldR(internal absorbed
energy)®} 2ot E£A FFA A= bt Ao

c Erergy (1)

? £-04

et

Fig. 6 5% €A
B

Sl e} Azel e

derd 4 gl

Ex = 5(M+m)(vi-v)

A71A Ex €A EFUA (F FF elvix)
M : Alsle) A=
m  FrPEE (o2 M2 10 %)
Vo 1 FE A &S
Vi 1 EFT F A Azl dASE

FEF AATZAY F4E £ALFAGA
5 % 10 knotselld &= &7 71712 F713)
A 0.2&F = #Fate] dAelm, 15 % 20 knots
o A& 0.3%ol 41, 25knotsol A& 04264 AR

W3lE woly gt

=
k)

S| 1
gt Belz,

44 M SH HEtof

X 2 523 u@

oo

7] 2L Atwte] £A4E 8§ mmE, F WA
29 EAE 6 mmE F94 2L 2E A}
LAk 4] A EAg sa8lgct Figure 7-9&
2712d3 $A W5 mdeo] $A34 ZAs}
2 AA &xw2 W3] Zol(pentration depth),
%7 % (impact force) £4  FEAYA](lost

kinetic energy)¥l & 27 vlastic)

=1]
=



Penetration Depth (m)

t] Wa o Q2R
@ =

¢
TEAE A

T T t T T
3 0.5 1 1.8 2 2.5 3 £s01
Ship Velocity (knote)

Fig. 7 A4 3 =¥ (penetration depth) EEo
e ki berd

Max, Lost Kinetic Energy (J)
E+07
2.5

o8 T T T T
0 0.% 1 1.5 2 2.5 3L
Ship Velocity (knote)

Fig. 8 Al o &4 &Fux] 2o dig

] fnd

Max. Impact Force (N}

0.2 - - - D :
’ @:

] 0.3 1 1.9 2 2.5 3 Ee01
Ship Velocity (knota)

Fig. 9 A5 Adl 3429 X g vz

Figure 73} Figure 8& #lets &4 8%y
A F A Felixe] vla age)n] Bl
o) 4% FALFAUAR AANERZ F P49
A7t AL fARE A wWE suges o 4
Atk Add Bl RExE 47 5 20 230
knots A& & FzEd Zle] Zt}. o]& A
Follde ATz FA9 Age] & FFL FA
3= A& 9rigkd. 20 2 30 knotsoll A&
jgFo] mAalele AH o2 vehtxw i) Bolg
-2 10 2 15 knotsoll A= FAE £ mdo] &
33 Fd®el AA vehtx ole Holth ol
T S o B &TdME FRRAY 25
iz e F57t waA Jedonzag Are ¥
o2 vl o] WYFY Aol FE F
T, Y 4 AFE 4 59 ddo] F2 ¥
T2 viehdr}

Figure 9= $72% 9] v Z 18qd 7)1 e 5
AL £9& de] A 0] AWM= oF
10%, 2&5H S AA e oF 15% F4asta 9leg &
Atk F 25L& 23T o A4y 0o T
i gkelAtiElE $AH FaY At glem
E 3 27e] ® 4% 924} Figure 79| #4]
¥ EEE 4] $ESE WSl o) ggg we
22 AARE vzie] a7

5 8 &
& ATE 2E 4F o] 2ol SEohe
M e AR 2EFS 28 BHE A9 wg)

oo, AHE Auel2el A
EelstaA g,

A2g oele} 2ol

1.

g

H FAYE FE2I 2 AFLE 2= A
& Bolx glen oldt AMFE A
ol o3t B dgo FA=
. Al by sl ek(penetration depth)& A
Ay ez Aslsta 9los FREAY 2
17} Qeol® sxwlel web watste] g
v gl
3. 549 MEE FEAF AATz A

[N

oo N oot
I e
o,?_,""

o



FrEESs ERe 2712 GA
o}
$2 g ZAE 29 242)9 Fel7] A
9 =49 A4 Axg wias & o, &4
#q@ 2 FoelvAed e AL fatstn H
o A9 3e 2d@eld Sz ot
10-15% Zra=stdeh.
A9 astel FaRAY wixud 2 A
2 zAY $F EF) 93 d70F FF P
sicpa £}

4e B

3o

A
T

X ok

2

nES

i)

[1] "Sea Cat Accident”, Fast Ferry Inter-
national, Apr. 1992, pp.31-38.

[2] Canadian accident report, Ferry Inter-
national, Mar. 1995, pp.29-32.

[3] Loscombe R., "Design for Collision - Some
thoughts on high speed craft”, Fast Ferry
International, Jun, 1992, pp.29-30.

[ 4] Werenskiold, P., "High-Speed Craft Oper-

3rd
Conference on High Speed Marine Craft,
Kristiansand Norway, Sep. 1992.

[5] User's Manual of MSC/DYTRAN V2, 1992

[6] Cowper, GR. and Symonds, P.S. “Strain

ational Performance and Limitions”,

hardening and strain rate effects in the
of
Brown University Division of Applied
Mathematics report No.28, Sep. 1957.
[ 71 "Aluminium Structural Analysis”, edited by
Bulsan, P.S., Elserier Applied Science, 1992.
[8] Kim, J. H, "Bow collision behavour of
High-Speed Catamaran”, Ship & Offshore
Structure Congress in Korea, Aug. 1995
[9] Nagasawa, H., Arita, K., Tani, M. and Oka,
S,
structure in collision with bridge piers”, J.
of the Society of Naval Architects of Japan,
Vol. 142, 1977, pp. 323-332.
[10] Nagasawa, H., Arita, K., Tani, M. and Oka,
S,
structure in collision with bridge piers(2nd
Report)”, J. of the Society of Naval
Architects of Japan, Vol. 146, 1979, pp.
329-337.
Nagasawa, H., Arita, K., Tani, M. and Oka,
S,
structure in collision with bridge piers(3rd

impact loadings cantilever beams”,

"A study on the collapse of ship

"A study on the collapse of ship

[111
"A study on the collapse of ship

Report)”, J. of the Society of Naval
Architects of Japan, Vol. 148, 1980, pp.
153-161.



