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Effect of Fluid Force on Elastic-plastic Response of Offshore Structures under Collision
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Summary

When an offshore structure is damaged through a collision with a ship or an iceberg, certain influence
from the fluid force acting on the colliding body is expected. However, reports on this subject are
limited in number and the provided information is rather fragmentary. The characteristic of the
phenomenon changes with the relative speed of collision. In other words, it depends on the relative
duration time of collision. In general, the duration time is determined not only by the mechanical
property of the collided structure, such as its stiffness and strength, but also the shape and the mass of

the colliding body.

To obtain general view of the phenomena for both when the behaviors of the structure are elastic and
elastic-plastic, the authors studied the effects of the fluid force under collision through experiments and
numerical analyses. It is shown that the degree of the effect of fluid force can be classified by
parameters which are related to the relative duration time of the collision. Further, the degree of the
effect of the fluid force is shown to be predicted using the proposed parameters.
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Fig.4 Schema of the experiment.

Table1 Stiffnesses of springs used for experiments,

Spring Stiffness k ¢
A 1.27 X 10* N/m . 875
2.18 x10* N/m 1.50

3.52 x10* N/m 2.43
4.12 x10* N/m 2.84
4.95 x10* N/m 3.39
6.51 x10* N/m 4.49
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Fig.5 Example of measured data (£=2.18x10* N/m,
v0=0.2 m/sec).
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Fig.6 Time history of the acceleration of the model
ship (A=1.27X10* N/m, v9=0.2 m/sec).
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Fig. 7 Time history of the fluid force factor (£=1.27X
10 N/m, v=0.2 m/sec).
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Fig.8 Time history of the acceleration of the model
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Fig.9 Time history of the fluid force factor (£=4.12X
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Fig. 13 Effect of the fluid force on time history of the
plastic deformation.
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Fig. 19 Effect of aspect ratio of the colliding body on
the plastic deformation.
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Fig.20 Comparison of time histories of the accelera-
tion among cases with different post-yielding
stiffness.
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up @ with fluid force
Upg : without fluid force
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Plastic deformation factor ”P/”po

m=225 kg
I.ZT- vo=0.4 m/sec
Fp=100 N
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0 1/8 1/4 3/8 1/2
H/k

Fig. 21 Effect of the post-yielding stiffness on the
plastic deformation.
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Appendix #8{1RY

1. # % /X =2

EREE BRI U2 SR ERR T S 0 S %,
2 RTCHIREIC AR U 7o 8%, WS % Xidd 5 7R
B X UBEREMER, &xXH0(8), (11, (12), 13X
BEzensd, 37, #FHRoEFHFERAR(B)ATRbEN
3, IheDRHbNLYPEE S, FMEORE L, Bk
DEEm, “FOREE BIU, BEOEFEE v 2
WTIRD & 5 WERTTET 2, 72720, BRTEBLESD
EFRC* 2 LTERDbLT LT S,
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B=LB*, n=Ln* NADBEREE Fp, B, EOIEE g 2BwTHRD &
dI'=L dr*, Vi= [ "2y*2 D iR TTALEIT S,
o=(m/L%p*, t=(m/k)"2t* B=LB* n=_Ln*
u=vom/k)"*u* u=uwu* dI'=L dr¥, Vi=] m2y*2
“=vlk/m)"*ié* ¢=Lved* o=(F,/gL*p* t=(L/g)"*t*

é = Loo(k/m)"* *,

¢ =(Luvok/m)p* (a-1)
INSOMMRTEZMHVS L, EEMEYXE T2 —#H0
ERUAEASES NS, T bbb,

Vi g*= (a-2)
9™/ on*=0 (a-3)
B*=—(mg/LK)(3¢*/on*) (a-4)
u*cosf = d¢*/ on* (a-5)
ii%=— B*o* [ §*cos ™ +(t*~ u) (a-6)

ERRD LS BRI s nic—BORITIE, oD R
5, bbb,

ca=mg/kL=1/(1*&) (a-7)

c:=B*p*=BI%o/m (a-8)
TR L, BHASEAEMCHEBTAINIE ¢ 3—ETH 20
T, BRI a1 DHRTEKET 20802, 58, ali, K
XRD(5)RTEBEL /7 A —F — £ ORBICHIET
5,

2. RIEBME/ N

NADBRERE F, BT 2 BBRAETH S & x, 12K
DEBFERIRATEZ 5h 5,

mif = -—fp%cos@ al+Fp (a-9)
BB S 3 & OFEETE, BHRORS L, BhOEE m,

u=(LFp/mg)u*

u=(Fp/m)(L/g)"*u*

U=(Fp/m)ii*

¢=(L%/ &)"(Fp/m)¢*

¢=(LF,/m)*

b=(F»/m)(gL)"? §* (a-10)
INSZRVE LIk D EEEEY SR 2 —FEDOER
LHBASBON S, TRbB,

V*2¢*—_—0 (a—ll)
o*/dn*=0 (a-12)
"*=_3¢*/3n* (a-13)
u*cosf=0¢*/on* (a-14)
ii*=—(Fy/gm)B*o* [§*cosg d*+1  (a-15)

o —HORIE, —DDEREIES, Thbb,
cs=(Fp/gm)B*p*=BL*0/m (a-16)

L, AL EAERCHEUTHIUE 6 3—ETH D
T, SRS ER A TH 227 v TRIEWCN T 258,
ETHEUL L2, Lied>T, BROBESEYET 26
REZZI5E, REGERTC SN BRI &
WIKFET 22 kicknd, 12720, ikt c52 sh, &K
XHD(TRTERENT T A~ — EDHBOTH
BRic—H7 3,

@ =(mvo/ Fp)(g/L)"*= &2 (a-17)
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