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ABSTRACT

In this paper, the nonlinear structural analysis for the composite structure of the spent nuclear fuel
disposal container and the 50cm thick bentonite buffer is carried out to predict the collapse of the
container while the sudden rock movement of 10cm is applied on the composite structure. This sudden
rock movement is anticipated by the earthquake etc. at a deep underground. Horizontal symmetric rock
movement 1s assumed in this structural analysis. Elastoplastic material model is adopted. Drucker-Prager
yield criterion is used for the material yield prediction of the bentonite buffer and von-Mises yield
criterion is used for the material yield prediction of the container(cast iron insert, copper outer shell and
lid and bottom). Analysis results show that even though very large deformations occur beyond the yield
point in the bentonite buffer, the container structure still endures elastic small strains and stresses below
the yield strength. Hence, the S0cm thick bentonite buffer can protect the container safely against the
10cm sudden rock movement by earthquake etc.. Analysis results also show that bending deformations
occur in the container structure due to the shear deformation of the bentonite buffer.

The elastoplastic nonlinear structural analysis for the composite structure of the container and the
bentonite buffer is performed using the finite element analysis code, NISA.
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2. =AM 29 F+M(Formulation of structural analysis problem)
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Fig. 1 The container and buffer geometry Fig. 2 Constraint conditions
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22 83 A4(Material properties)

HHE A A7l MEYOER AE 2 dutdMe dEdA9 Hu ZF @S JehllE Drucker-
Prager yield criterion® 283513 Table 1o} B <l Az} o] &4 2 (material cohesion) 100KPa,
wh&ZHfriction angle)& 20 deg® A28yt Fel(copper)t WH FA(steel) & FEFAAY A9} 7
AxstE von-Mises yield criterion€ #&3led AR FEL AHsien IdEZFHLS ZZt 46MPa,
200MPaZ A 9|8l tHTable 3, 5).

E3 x7] FE o]Fe] APEHL oW hardening parameter o]l 28 yield surface®] 7|7} FAXE
et ¢ A 2 ¥ (shape)ol W3lslA| etk 7149l isotropic hardening ruled H-8-8h%ch 7]
B o|F 2-(stress)-HH & (strain)BAE Table 2462 95203 A AE o| 23l piecewise linear
hardening stress-strain curve® &3]t}

Table 1 Material property of bentonite Table 2 Yield function of
bentonite
Value Unit o; (Pa) &y
E(Young’'s modulus){ 100 E6 Pa 113 E3 0.0025
W Poisson ratio) 04 138 E3 0.005
Material cohesion 100 E3 Pa 163 E3 0.02
Friction angle 20 Deg 183 E3 0.04
213 E3 01
Table 3 Material property of copper Table 4 Yield function of
copper
Value Unit 0; (Pa) &y
E(Young's modulus)| 114 E9 Pa 50 E6 0.005
U(Poisson ratio) 0.35 80 E6 0.015
Yield stress 45 E6 Pa 130 E6 0.065
- - - 180 E6 0.154
210 E6 0.283
Table 5 Material property of steel Table 6 .Yield function of
steel
Value Unit g, (Pa) &y
E(Young's modulus) | 1265 E9 |  Pa 300 E6 0.005
V(Poisson ratio) 0.25 Alz E6 0.023

Yield stress 200 E6 Pa 42 E6 0.078
697 E6 0.147
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Zo] vigd A A Rg sty A& A(u, = 0 AL

Fig. 3 FE Model of container and buffer structure

Table 7 FE Model data (symmetric shear 10cm)

Element No. 1832 EA
Node No. 8346 EA
Element type second order hexagonal element
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Fig. 4 Rock movement Fig. 5 Symmetric condition
and boundary condition

4. M 3 R BM(Analysis results and discussions)
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Table 8 Analysis result(symmetric shear 10cm)

Max. von-Mises . . .
stress(MPa) deﬂelxi?));(cm) Plastic strain(3%)
Bentonite buffer 7.114 14.33 73
Copper shell 1157 12.37 -
Steel 1157 12.11 -

orsPACEn-2Rt
x DEre 14301

10
(AT SCRIG)

Fig. 6 Deformation shape of whole

structure
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Fig. 8 Contour of von-Mises stress
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Fig. 7 Resultant displacement of buffer
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Fig. 10 Contour of max. shear stress Fig. 11 Contour of equivalent plastic
(whole part) strain (whole part)

DISPLAY 111 - GEOMETRY MODELI'G SYSTEW ( £0.0.0 ) PRE/POST MODLLE

.

L. SEQ2_M:2796

7 _1_SEQ2N:8e13

PR i _SEQ2_Nise1e

1111

4...SE02_M:6043

—L..SEQ2 M523

14t ]
~

L1t
~

¥
|

EMRC-NISA/DISPLAY

Fig. 13 Graph of von—-Mises stress at
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Fig. 14 Effective yield stress at bentonite Fig. 15 Effective yield stress at bentonite
buffer node(5796, 5813, 5814) buffer node(6043, 7573)
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5. d E(Conclusions)
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