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Summary

So far, the protection of a nuclear powered ship has been evaluated by its own capacity
absorbing the collision energy in its destruction. On the other hand, it is receatly reported
that instead of the energy absorbing type barrier, a resisting type barrier has been developed
which absorbs the collision energy mainly in the destruction of the striking bow.

To design such a type of barrier, it is necessary to estimate the load acting on the side
structure of the nuclear powered ship. This load is obtained by the following procedure :

(1) Calculate the ultimate strength of a bow construction of the striking ship to get a
load-deformation curve.

(2) Carry out a collision simulation analysis to obtain the bow deformation in collision.

(3) Estimate the load corresponding to the bow deformation using the load-deformation
curve.

It seems that there is not any established method of calculating the ultimate strength of a
bow construction.

So we have studied the ultimate strength of a bow construction of the striking ship.

First, we have made a theoretical calculation by the F.E.M. on a ideal mathematical frame
model of bow construction. Then, in order to clarify the behavior of the bow collapse and
verify the calculation method, we have carried out collapse experiments using 1/10-scale bow
models of tanker and container ship and compared the results of the experiments with those
of the theoretical calculation, by which a reasonable agreement of both has been confirmed.
Further, we have estimated the collapse loads of bow construction of actual ships and
obtained the load-deformation curves. By these studies, it has become possible to determine
the load acting on the side structure of the nuclear powered ship and the bow deformation
of the striking ship in collisions.
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Fig.1 Bow model of container ship
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Fig.2 Bow model of tanker
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Table 1 Correspondence of Case No. and

Point No.

Container ship | Tanker mode}

model

Case NoJ| P No. |Case No| P. No.
1 8 1 3
2 9 2 21
3 51 3 28
4 39 4 36
5 27 5 42
6 17 6 69
—_— —_— 7 78
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Fig.5 Load-deformation curve of tanker model
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Fig. 6 Collapse mode of container ship model
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Fig. 7 Collapse mode of tanker model
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Fig.8 Idealized model of container ship model
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Fig.9 Idealized model of tanker model

5> TWb, LB UBEHREFVC LA CILY— 27 &
BRELVPFEOETESIRDB Z ENTE L, =
DEDCTIRESBEDOBRBETHD, —F, & vh—ER
DBEHEZDET Rz v 7 r B k&L 72V Th
o vFrRTEE v - THRESH OB AEavh
BN ERBIVR—7 v — 2R S HHESH O
BREEDEMIVNE W nd, FREEH S ZERBFCRENE
CELLZOBOHEDET S BIEEMBAE LS D L #
zbhb,

Fhov— 7 WERHE Ui BRI D\ TR E &
FHEfECE,HD (Table 1, Fig 43 X0 Fig. 5 2fR),
RN TS AWE FETS L&, TR
LRSI & UTHENT 55, EERCEHR Y ok
FRIWHOEZ D A RIR & SEEE ORI HFEET S

Table 2 Comparison between numerical and

experimental results of ultimate
strength (Container ship model)
(ton)
Case No. |Calculation|Experiment %5
1 102.9 485 2.12
2 136.4 126.5 1.08
3 365.6 273.3 1.34
4 243.4 234.5 1.04
5 246.8 229.5 1.08
6 248.4 259.0 0.96

ETable 3 Comparison between numerical and

experimental results of ultimate
strength (Tanker model)
(ton)
. . Cal.
Case No,Calculation|Experiment)  Fyp~
1 97.6 78.0 .25
2 93.8 77.0 1.22
3 126.0 140.0 0.%0
4 163.0 129.0 1.26
5 158.2 160.0 0.99
229.9 132.0 1.74
6 *
136.7 132.0 1.04
306.6 162.0 1.89
7 *
207.0 162.0 1.28

#*  Without toad on deck
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Table 4 Principal dimensions

Ice strengthend}
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1o REMOEER % Table 41777, 4 (m 2.0 2275 78
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Fig 14 Idealized model of tanker
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Fig. 15 Idealized model of ice strengthend ship
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Table 5 Numerical results of actual ships

{tem)
S O loase | FEM  [Fut yiew [l
1 2,224 5695 | 2.56
, 2 3,250 4,981 1.53
gﬁ;ga”7ef 3 7,290 10,529 | 1.44
4 8,618 10,527 | 1.22
5 | 13,489 14,653 | 1.07
t 13,436 22,072 | 1.64
2 | 12,280 19,348 | 1.58
3 | 19,972 34,268 | 1.72
Tanker | 4 | 2143 36,882 | 172
5 | 25003 67,226 | 2.69
6 | 33,836 83,094 | 2.46
7 54,600 91,214 ;.68
1 1,702 3,217 | 1.89
ce 2 3,708 8075 | 2.18
strengthend 3 7,457 8,354 1.25
ship 4 3,994 21,378 2.4
5 9,504 15,378 | 1.55
6 11,654 18,103 1.55
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Fig. 17 Load-deformation curves of container
ship by F.E.M. and simplified method
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Fig. 18 Load-deformation curves of tanker by
F.E.M. and simplified method

30000

20000 VAN

T

o
(tom) / ~

/

'yl o
10000F 0/ DA
—06— F.EM.
——0—— simplified method
~~~0--- full yield

0o 1 2 3 4 5 & 7 & 9§ 1
—= §(m)
Fig. 19 Load-deformation curves of ice strengthend
ship by F.E.M. and simplified method
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Table 6 The effects of P-§ curve of longitudinal
member -on the ultimate strength of bow

construction
(ton)
Kind of el 10185c | 135 | 508 | Eqs3)
Container 1 — 2,224 2,291 2,349
ship 3 _ 7,290 8,334 —
1 | 13,436 13,436 13,640 —
Tanker
5 — 25,003 27,487 —
Ice 2 — 3,708 3,800 —_
strengthen
ship 4 — 9,994 9,994 —_—
P §c
001§ 138¢ 506c &¢
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Fig. 20 Idealized model of longitudinal member
for simplified method
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Fig. 21 Load-deformation curves of bow and
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Fig. A.1 Test model (A-1 model)
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Fig A.3 Test model (A-3 model)
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Fig. A.4 Relation between load and axial
displacement
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Fig. A.5 Comparison between experimental
and numerical results of load-axial
displacement curve
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