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A Nonlinear Structural Analysis for a Composite Structure Composed of Spent
Nuclear Fuel Disposal Canister and Bentonite Buffer : Symmetric Rock Movement
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Abstract

In this paper, a nonlinear structural analysis for the composite structure composed of the spent nuclear fuel disposal
canister and the 50cm thick bentonite buffer is carried out to predict the collapse of the canister while the horizontal
symmetric 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. 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 canister(cast iron, copper). Analysis results show that even though very large deformations occur beyond
the yield point in the bentonite buffer, the canister structure still endures elastic small strains and stresses below the vield
strength. Hence, the 50cm thick bentonite buffer can protect the canister safely against the 10cm sudden rock movement by
earthquake etc.. Analysis results also show that bending deformations occur in the canister structure due to the shear
deformation of the bentonite huffer.

Keywords :© spent nuclear fuel disposal canister, bentonite buffer, composite structure, rock movement, nonlinear structural
analysis, yield criterion, finite element analysis
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E 1 Material property of bentonite

Value Unit

E(Young’s modulus) 100 MPa
v (Poisson ratio) 0.4

Material cohesion 100 KPa

Friction angle 20 Deg

X 2 Yield function of bentonite

0;j (KPa) Ey
113 0.0025
138 0.005
163 0.02
188 0.04
213 0.1

Table 3 Material property of copper

Value Unit

E(Young's modulus) 114 GPa
v (Poisson ratio) 0.35

Yield stress 45 MPa

H 4 Yield function of copper

0j (KPa) Ey
50 0.005
80 0.015
130 0.065
180 0.154
210 0.288 |
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F 5 Material property of cast iron

i Value Unit
126.5 GPa
0.25
200 | Mpa

E(Young's modulus)

v (Poisson ratio)

Yield stress

¥ 6 Yield function of cast iron

S

- 0;j (KPa) €y
300 0.005
412 0.023
542 0.078
697 0.147

2.3. 938 =2 (External load condition)
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4. 3iM Zat Y EM(Analysis results and discu-
ssions)
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Table 8 Analysis result(symmetric shear 10cm)

vorll\fle\l/;(i.ses Max. Plastic
3 H 0,
stress(MPa) deflection(cm) strain(%)
Bentonite
buffer 7.114 14.33 73
Copper _
shell 11.57 12.37

Cast, iron 11.57 12.11 -

aCALE . 1.
CACTLAL S.ALIKS)

22| 6 Deformed shape of whole structure(half model)
(rock movement=10cm)
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VIES 0.0
RARSE. 0.4433401

0.1973
_ 0w

©0.1279

17 7 Resultant displacement of buffer and canister
(rock movement=10cm)
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23l 8 Contour of von-Mises stress (whole part)
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2l 9 Contour of von-Mises stress (bentonite)
(rock movement=10cm)

e
Al
2ol
[P
-
P
0B
o
o
r
Ho
I

T A6 ®4Z(2003.12) 373



<
T

o] ¥4 YA Gem o]

25 A 7l

1

k)
il

TL &

e Y

10cmZ 744 ¥ S e,

[e]

DEINE ARSI WELOIE Wz o]

10

ol

T w ok ok W BUNCN mmo T X Wn M L@ ~ g 2 = 3 o ® £ = 3
= =0 0 r . 5 2 838 8 g he) L IR
i - ! =) \H.ME o .Q.l ‘MHTu ey B ot = nmvo Mﬁ :ox = 0% Z m “ _ m
) " 5 oM o i E ~ Mo ..Ma — R R - 2 B
of m 9B T o n A ° ajo ﬂn ar - @ T =
T G o WO T omm Ko o o o b A \r - S i r >
Gy PEE G T E R W g G N ko \ 2
~~ ]vA ) i | -
W2 Ry %mﬂhwiﬂl@l%%ﬂ - | W s 5 3 2
T oom A = =P Ak o WA . B © /' I
T % N I B R R Ol e g N T 5
o 5T 2w ol CL ) = O % o 7 _, | Qs 9 / , FoL ©
W s B ST LT B I E | =z S \ TR
S oW < > o o MMM _ - N ; / EICER” T / |3 ©
ny S B oza M EN R TR e A Coi o9 - : C 2,
© S 2 FEET Ry = | ¥ | P g
Moy o g A L TGN g o | : 2 \ § 2
—_ — o B : = 3
mhluguaz‘.%%u%mylﬂﬂq,olq Sy L et ; g o
A IR TR A R oroee - - i3
TNV R IR PE R PR . > Cs
_oﬂrqaufmn?m_.o)taﬁOﬂﬂoﬂanwﬂﬂl). i\ s O / - O
BN S WS M T E s I * 5 <2
= > _ oW T B < | : 5 =
W B oy 8 W o m A T A - © ‘ ' - ]
& M X @ T R S . ne 60 Ca 1 E e T ,mm_.u - \ \ - & ‘ | - =
£ Bﬂwufdrloﬂl%ﬁwlhn% 3 } . i N ] | _ w
S n 11I@Hn_:t‘auw~ro o ﬂE‘UIFOIVO_ET =) mq 'Y g TSI AT T - L W B o O B B R i
S T I I R TR NN S DU S R S R R R R B
[an) > — M_uv _Z —_—1 — ~ o X AMQZ.U_::Vme:w wmcm_ U0oA B ° _J M M M e S m Em
~ ™ ul ﬂN_l K ) ok L HT 2 T o T s R {edW:11UN)SSBIIS PlalA 941198))3 m
§ . =
© £ iy 5 8
B RV B3 5o
;o o -2
— ¢ E: o] g &2 < c
= < z 2
o B et =
R k= _
B [ o T ~ a o
5 . 3% o E :
i mﬁwﬂvﬂmﬂﬂﬂ.// =0 Qo
v RN i 22
@ LRGE IF AT G, s 1 o I
@ ® © Qa c <
() [=]
w2
= x 2 < 2 =
aﬂ m m 2 m r
0lo w
0 S x mw X
oy S ©
Rz « O 5 ° o )
3= = = -
= IS 5 g 3
- : ¢ A
> O S 3
A = ©
T . =
= il -
iy r il
pl M

(5796, 5813, 5814)

3
’

(2003.12

=2

& Hi1eH M4

a2l 12 Selected node location
Xl



200. 03_ .............

5

1 N:7573

169.0. —_—

g
Il T i

\

1

I

|

S
=
3
|
|

3
r=
g
i
\
|

Effective yield stress{unit:MPa)

B s A A S O

0.t 2.08 4.06 5.04 8.02 10
Rock movemnet (unit:cm)

T2 16 Effective vield stress at canister node(6043, 7573)

TZE olAE FEAH TgatA] R3te FRHoz ¢
7 gdignio] M o4 4 UtH(2® 15). ol &
8ol Bt Al 57HH) o EXATG= GxJh

I8 118 EA8HH WEVe|E Hud daste diF
Ho AAWEge kA<l (rock movement)e] 713 Al
= B2 JRAA] Fe §-8 o5 AA ZA A HA
&g & 4 drh

5.2 E(Conclusions)

£ AFolM e AR AFEE & HrlHoAE 1
A7 &S A3} 500me] 4w X B A7 A AMSE =
A E-g719 Ag FRAAE Yt AdF 500me HE
Aol AE A AW T AARE A& 2L F e &
b o] Hed o) "HEEV +NEYCE Wi, 5FT
28 7teiAle Adidgd g g¥E FxAN 2AE
gdFAT. 53], 10ecmd ot Aol THELV|+HE
UolE W], B3F2Ed £ A3 gjydez 2
23 ] HEEVE AL e 50cme WEV|E B H
7b REASHA W R AEE7E FREcRE Bd 3
A Bt FrblEe e it Addo] JlaA
i X EE7E FASE e FEH T AP i
72 WEyolE B
Ho WalME= Drucker-Prager 3BZUE HEL7E
FASHL 9l 3 2 FElo thatedE von-Mises &
Z271% AHgsleith

FN

fl

t

P

10cme] #% gt Aeee] B@Tzge Y5t A
o A W), AREVE AL 9E DEVe|E
e FBAL Y e 24WE 2 $o] Tyse] 3
27 $37L ASAD MEGOE w5 vre] ARe]
g TS Y 2 9 7 Ao o4 F2A §
Ho] o)27lol o} AL w4 $Y 2 Wgte] W4T

* N:goa

4G5 -

A
1

T - HFA

™
ofi

2 o) F2AeR Al BN wetd, 50cm
A9 MEGe|E W37} 10cme) A7 g BeE) o)
shl U A§71E R TRH0Z uIHA YeS

EEES I

il

8l

Ho

)

1. Ahonen, L., "Chemical Stability of Copper Ca-
nisters in Deep Repository’, Report YJT-94-13,
Nuclear Waste Commission of Finnish Power
Companies, Helsinki, p.101, 1995

2. Anttila, M., “Criticality Safety Calculations for
the Nuclear Waste Disposal Canisters’, Report
POSIVA-96-11, Posiva Oy, Helsinki, 1996

3. Anttila, M., "Criticality Safety Calculations of
the Nuclear Waste Disposal Canisters for Twe-
lve Spent Fuel Assemblies’, Working Report
99-03, Posiva Oy, Helsinki, p.20, 1999

4. Auerkari, P. and Holmstrom, S.., "Long-term
Strength of EB Welds of the Canister for Nu-
clear Fuel Disposal’, Working Report 97-35e,
Posiva Oy, Helsinki, p.21, 1997

5. Bergesson, L., Interaction between Rock, Ben-
tonite Buffer and Canister. FEM Calculations
of Some Mechanical Effects of Canister in Di-
fferent Disposal Concepts’, Technical Report
TR 92-20, Swedish Nuclear Fuel and Waste
Management Co. (SKB), Stockholm. p.83 app-
endixes, ISSN 0284-3757, 1992

6. Choi, J. W., Choi, Y. S., Kwon, S. K., Kuh, J.
E., and Kang, C. H.,
of the Repository Alternatives to Establish a

"Technology Assessment

Reference HLW Disposal Concept’. Journal of
the Korean Nuclear Society, Vol.31, Number 6,
pp.83~100, 1999

7. B9F, AAS, YAFER BP9 T2
A1 AFEQEeAT, dE AT %"—?ﬂ =,
A124, A435., pp.573~581, 1999

8. Kwon, Y.J., Kang, S.U., Choi, J.W., and Kang,
C.H., "Structural Analysis for the Determina-
tion of Design Variables of Spent Nuclear Fuel
Disposal Canister’, KSME International Jou-
rnal, Vol.15, No.3, pp.327~338, 2001

9. ZAAE, "HAAE nEY dHVIE HEE71e Pz

BEMAMPRBESE =27 M16F M4A5(2003.12) 375



AEAH7IE G719 ELO|E WHE o|folz] BB e njadyd T gid ok Av

10.

11.

12.

A" AAEg] =8, F9dist, p.76, 2000
Raiko, H. and Salo, J. P., “The Design Ana-
lysis of ACP-Canister for Nuclear Waste Dis-
posal”, Report YJT-92-05, Nuclear Waste Co-
mmission of Finnish Power Companies, He-
Isinki, Finland, 1992

Raiko, H. and Salo, J. P., “Design Report of
the Canister for Nuclear Fuel Disposal’, Re-
port POSIVA 96-13, Posiva Oy, Helsinki,
ISBN 951-652-012-x, Finland, 1996

Raiko, H. and Salo, J. P., “Design Report of
the Disposal Canister for Twelve Fuel Asse-

gtRfuTREEE =28 N16W H45(2003.12)

13.

14.

mblies,” Report Posiva-99-18, Posiva Oy, Hel-
sinki, Finland, 1999

Salo, J. P. and Raiko, H., "The Copper/Steel
Canister Design for Nuclear Waste Disposal’,
TVO/KPA Turvallisuus ja tekniikka, Work Re-
port 90-10, Rev. 1., Teollisuuden Voima Oy,
Helsinki, Finland, 1990

Werme, L. and Eriksson, J., "Copper Canister
with Cast Inner Component,” Technical Report
TR-95-02, Swedish Nuclear Fuel and Waste
Management Co. (SKB), Stockholm, Sweden,
ISSN 0284-3757, 1995



