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Deformation Analysis on a Containment Vessel

of a Nuclear Ship in case of Marine Casualties

Genya AoOKI

Abstract
Deformations of a containment vessel are analyzed in case of marine casualties using finite element
method. Marine casualties treated here are collision, grounding and sinking, The obtained results
are used to evaluate the allowable displacement and load with aid of ASME Code for the safety of a
containment vessel, Conclusions obtaind are as follows.
(1) The value less than 40 ~60mm is allowable for the displacement enforced to the containment

vessel by longitudinal bulkhead in case of collision.

(2) The value less than 0. 01 ~0. 02rad is allowable for the inclination of inner bottom plate de-

formed in conical shape in case of grounding,

(3) The allowable value is less than 1 MPa for external pressure in case of sinking.
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Fig.1 Containment vessel used for calculation
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Fig.3 Loading and supporting conditions in collision

Fig.4 Deformation in collision Case Cl Fig. 6 Deformation in collision Case C2
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Fig.7 Equivalent membrane stresses in
collision Case C2

Table 1 Results of calculation for collision

Case cl c2
"o . (MPa) 450(1.0) 395(0.88)
0 nb(MPa) 610(0.90) 675(1.0)
8§ (mm) 63.5 45.5

( )= Ratio to the limit value
0 m = Membrane stress
0 no= Combined membrane and bending stress

1) = Displacement at the loading point
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Fig. 14 Equivalent membrane stresses

in grounding Case G3

Table 2 Results of calculation for grounding

Case 61 62 63
o . (NPa) 450(1.0) 430(0.96) 450(1.0)
o aw(¥Pa) 530(0.79) 875(1.0) 659(0.98)
O A (am) 116.7 60.3 63.2
£ 0BA(rad) 0.0212 0.0144 0.0231

( )= Ratio to the limit value

0 « =Membrame stress

0 av=Combined membrane and bending stress
O A =Maximum displacement of inner bottom

Z 0BA=Inclination of inner bottom
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Fig.16 Equivalent membrane stresses under

external pressure in sinking

Fig. 17 Buckling mode under external
pressure in sinking
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Table 3 Results of calculation for sinking

Stress analysis Buckling analysis

240MPa(0.52) Per= 2.51MPa

Q
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0 av= B75MPa(1.0) (a = 2.5)

3.27MPa Pa = 1.00MPa

o
[
"

() =Ratio to the limit value

g » =Membrane stress

¢ nv=Combined membrane and bending stress
P er=Buckling pressure

« =Safety factor

P . =Allowable pressure
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