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Macro and Micro Plastic Model for Earthquake Resistant Design
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Plastic theories have been used for evaluation of reliability of power plants including nuclear power plants
over a period of time. Recently, new methods of evaluation for earthquake resistant of power plants is
required because of the delay resume of the plants at Kasiwazaki-kariwa. This paper reports a method to
make a new rule to resume the plants subjected to earthquake with employing macro and micro plastic
models for a structural analysis. Piping systems of a nuclear power plants are targeted to be analyzed the
plastic deformation due to earthquake motion and also to be estimated safety margin of the pipe systems

considering earthquake motion.
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Fig. 1 Diagram for safety margin design
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Fig. 2 Macro and micro plastic analysis
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Fig. 3 Stress-strain relation caused by cyclic loading

0.8 -

DDDDDDDDDD

0.6

0.4

Creep strain, %

02 o After 10cycles -
O After 50cycles

oL Prediction

0.2 I i I 1 !
0 200 400 600 800 1000 1200

Time , sec

Fig. 4 Creep curves after cyclic loading
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(a) after 10cycle (b) after 50 cycle

Fig. 5 Micro-structure after cyclic loading

Fig. 6 FEM model for analysis by crystal plasticity
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Fig. 7 Micro-structure after cyclic loading
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(a) bent pipe

S

(b)T-pipe
Fig. 8 FEM model of pipes

1
m

(@)
}',(a) =7, Sgn(,[(a)) ;(Q) (5)
N

g'(a) - Zh(aﬂ) 7(ﬁ)1 (©6)
h n-1

M¢)=%[4ﬁi+1j ()
T, 1

7o = [ 2|7 ®

ERT, FONET R RO AMOTEE, a X
TRYREE, 3T HECER T 3 o
AITIE S, g 3T RVHREL, p iR Y B,
m IO B BURMERRER, Ay (XOIHARE LAR SR,
3T ORI, o i EHRTORT A —
ZThHD, 2B, HEIIK 6 [TRITIMFHRET I
£ 0 EDWNERIZ 343 {E OFE SR 248 E LIT- 77,
X 7 IO AIRNE 0.75% TR L3R Y - [EHEA
fit%e 52 Te R DFEBRFER L VTRER 2T, K 7(a)
PNEBERTHY ., X 10)BENERE R, ER
FESR L ARNTRERICIE, BRI DB C AT B

(a) bent pipe

(b)T-pipe
Fig. 9 Results of FEM analysis (equivalent stress)
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