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Structural Analysis of PWR(pressurized water reactor) Canister for Applied Impact
Force Occurring at the Moment of Falling Plumb Down Collision
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Abstract

In this paper a structural analysis of the PWR(pressurized water reactor) canister with 102cm diameter is carried out to evaluate
the structural safety of the canister for the impact force occurring at the moment of collision with the ground in the falling plumb
down accident from the carriage vehicle which may happen during the canister handling at the spent nuclear fuel disposal
repository. For this, a rigid body dynamic analysis of the canister is executed to compute the impact force using the commercial
CAE system, RecurDyn, and a nonlinear structural analysis is performed to compute stresses and deformations occurring inside the
canister for this computed impact force using the commercial FEM code, NISA. From these analysis results, the structural safety of
the canister is evaluated for the falling plumb down accident from the carriage vehicle due to the inattention during the canister
handling at the repository. The rigid body dynamic analysis performed assuming the canister as a rigid body shows that the
canister falls plumb down to the ground in two types. And also it shows that early collision impact force is the biggest one and
following impact forces decrease gradually. The height of the carriage vehicle in the repository is assumed as 5m in order to obtain
the stable structural safety evaluation result. The nonlinear structural analysis of the canister is executed for the biggest early
impact force. The structural analysis result of the canister shows that the structural safety of the PWR canister is not secured for
the falling plumb down accident from the moving carriage vehicle because the maximum stresses occurring in the cast iron insert
of canister are bigger than the yield stress of the cast iron.

Keywords : PWR(pressurized water reactor) canister, falling plumb down accident, impact force, structural
safety evaluation, rigid body dynamic analysis, nonlinear structural analysis
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Fig. 1 Structural geometry and dimensions of the
PWR canister(unit : cm)
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Fig. 2 Carriage vehicle geometry and canister
configuration on the vehicle
(g : gravitational acceleration)
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Table 1 Material property values of composing parts

. . Insert Outer shell, Lid & Bottom Fuel bundle
Material properties - -
Cast iron Copper Fuel+Zry-4 tube(equivalent value)

Young's modulus E(GPa) 126.5 117.0 29.7774
Poisson’s ratio v 0.25 0.3 0.3
Thermal expansion coefficient a(10°/C) 10.85 16.5 3.24
Mass density p(kg/m?) 8,000 8,900 2,000
Yield stress o,(MPa) 200 45 -
Tensile strength o.(MPa) 1,400 200 -
Thermal conductivity k(W/mC) 52 386 0.135
Specific heat C(J/kgC) 504 383 2,640
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RecurDyn®] A3} 2 (solid modelling) 71%5<]
W2 (box), A¥T (cylinder) 59 716E5S ol&3ld AW
(ground), +%A%(carriage vehicle) 2 #1387 (canister)
5 Rt S5 RdolA A v el &%
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—— Impact force occurring at the collision(N)
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Fig. 3 Impact force occurring at the collision between

39t = v,y =0, v,=100.0mm/sec, v, =200mm/sec canister and ground(N)(falling plumb down type 1)
Table 2 Early impact forces occurring at the collision
Falling plumb down Collision time Impact force Components(N)
type (sec) (N) Fx Fy Fz
) 15.507873 3,888,596.3 1,295,464.3 3,550,473.7 -914,926.05
15.806623 810,454.71 762,061.32 222,831.34 162,620.95
5 15.706623 3,786,098.9 -3,651,014.6 -23,243.392 1,002,046.3
16.001623 2,671,433.2 1,259,860.7 1,768,631.3 -1,556,053.7
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x10%
1.100

—— Canister falling down velocity(mm/sec)
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Falling Time(sec)

Fig. 4 Falling plumb down velocity of canister
(falling plumb down type 1)

Fig. b The collision moment of canister on to the
ground(falling plumb down type 1)

Fig. 6 The collision position and basket array type of
canister at the moment of falling plumb down to the
ground(falling plumb down type 1)
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Table 3 Piecewise linear hardening stress-strain curve
data of copper

(rj(Pa) €
50 x 10° 0.005
80 x 10° 0.015
130 x 10° 0.065
180 x 10° 0.154
210 x 10° 0.288

Table 4 Piecewise linear hardening stress-strain curve
data of cast iron

o; (Pa) €
300 x 10° 0.005
412 x 10° 0.023
542 x 10° 0.078
697 x 10° 0.147

o] AHEE7] T34 AF(Werme 5, 1995: Werme,
1998: Salo &, 1990: Raiko &, 1992: Anttila, 1996,
1999) A= A=

3.1.2 B34

Fig. 1ol4 H& uie} o] AR-87|& AHE § 159
B d88ES Adste th(ileAl) & B A9ste
(cast iron) 2 ® A& (insert) #} o] A44ES ML
T2 (copper) = ¥ 9| d(outer shell)Zt $lotel ©7H
and bottom) & =] Itk % A4 RecurDyno2 7|
A tiste] A&87]ol T o] B 4= 17| o

I3t FxeMs ] flste] NISAY B 72384
152 o83t XS Faeitt vdg x4 73 A A
P78 st e ARl FETY Fele g@aiA
(elastoplastic material) 2 7@t} o] 4% Agat g
2215 Agslof =t FEH Tl BF 554007
ol F45FoA A@x e & dA]8t= von Mises &4
(vield criterion)= &3ttt olwf FH7} Fejo] &
& Z}7} 200MPa(F3e] 45-89) % 45MPa(FE]<] &
2) s AMEFTH(Table 133). B3 27]350] 3]
A2 (hardening rule) ©]&7d3PH 3 (kinematic har-
dening rule)= A-&gtt x7] & o|F S &
2-9]dle] Borgesson(1992)9] Agolx AHEH HES 2
3} (Table 3~4%#3). Table 3~4+ £ <AolA A4

B4 A3743) 9 - E I (piecewise linear
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hardening uniaxial stress-strain curve)® 3| #ES
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Fig. 7 F.E. model of PWR canister(D=102cm)
Table 5 Element and node number used in the F.E
model of PWR canister(full model)

No. of element 5944
No. of node 28249

2nd order hexahedron/wedge

Element type element(20/15 nodes)

FE FALATY code?l NISAE o8dl] fatask &

o
84Rdg S dth, 72| LS o8l RdY
CHFig. 7 %), 1289 g S o] g3l ferrnd
P& FRIAT AL A Feards olgae]
gk, kst A-gshe olge

Aol AHgH 7197ESFZ(PWR) & AE-47] Fa8imdo] §
82 (element)©] 579 44 (node) €] S Table 59 #A]
AT HAE FEHATe] AL AT sk 2

A9 FALLE AHEH] FAILRDYS Y3

3.2.2 #3248 Al (Finite element analysis)

Fig. 1¢] A&7 VAT E(PWR) & 2EH#A7= A&
7))ol digte] 98 2 AARAE 718l 14 S St

F HoA RecurDyn<e ©]-&ste] slXst A3 HE8717F
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Z(PWR) H&Eg7]9] x4

Fig. 8 Impact force applied to the canister at the
collision contact point(arrow means the impact force)
(falling plumb down type 1)

Fig. 9 Constrained boundary
condition(U, = U, = U, =0) applied on the bottom
surface(z=0) of the canister
(falling plumb down type 1, boundary condition type 1)
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Table 6 Structural analysis result of canister(falling plumb down type 1, boundary condition type 1)
Whole structure | Cast iron insert Bottom Outer shell Lid Lid holder
von Mises Stress | Max.(Node) 834.0(22170) 259.8 164.0 299.5 364.3 834.0
(MPa) Min. (Node) 0.1424(14194) 1.399 7.451 0.5665 0.675 0.1424
Deformation Max.(Node) | 0.2731(22170) 0.0453 0.0013 0.0617 0.1294 0.2731
(m) Min. (Node) 0.0(9301) 4E-6 0.0 3E-5 0.04 0.04
Table 7 Structural analysis result of canister(falling plumb down type 1, boundary condition type 2)
Whole structure | Cast iron insert Bottom Outer shell Lid Lid holder
von Mises Stress | Max.(Node) 941.8(22170) 332.8 294.6 332.8 353.1 941.8
(MPa) Min. (Node) 0.1538(14194) 1.421 7.897 0.7857 0.7053 0.1538
Deformation Max.(Node) | 0.4401(22170) 0.2130 0.0191 0.2311 0.2935 0.4401
(m) Min. (Node) 0.0(9964) 2E-4 0.0 0.0 0.2090 0.2115
Table 8 Structural analysis result of canister(falling plumb down type 1, boundary condition type 3)
Whole structure | Cast iron insert Bottom Outer shell Lid Lid holder
von Mises Stress | Max.(Node) 770.5(22170) 274.2 184.9 293.8 355.4 770.5
(MPa) Min. (Node) 0.1949(14194) 1.369 19.12 0.5077 0.6503 0.1949
Deformation Max.(Node) | 0.2671(22170) 0.0512 0.00185 0.0657 0.1307 0.2671
(m) Min. (Node) 0.0(9301) TE-2 0.0 6E-2 5E-2 5E-2
Table 9 Structural analysis result of canister(falling plumb down type 2, boundary condition type 1)
Whole structure | Cast iron insert Bottom Outer shell Lid Lid holder
von Mises Stress | Max.(Node) | 2366.0(28032) 2366.0 917.8 1734.0 2366.0 877.2
(MPa) Min. (Node) 0.2473(20857) 1.396 0.3875 0.2 4.234 15.39
Deformation Max. (Node) 1.818(9965) 1.625 1.818 1.668 0.2438 0.1397
(m) Min. (Node) 0.0(13938) 2E-2 1.602 1.0E-2 3E-3 0.0
SERMAMTAETEE =22 M24H HM25(2011.4) 219
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