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Systemization of "Strain Limit Requirements” of the
Structural Design Rule at Elevated Temperature— I

Development of the Evaluation Method of Ratchetting for
Structural Discontinuities

Takuya Yamashita*

Abstract

Structural components of nuclear reactors have various configurations and
are subjected to not only mechanical loadings but also many types of thermal
loadings. Especially stresses generated in structural discontinuities of the
components are very complex. Since appropriate method to evaluate the
ratchetting of structural discontinuities is not existing from the complexity,
conservative evaluations are carried out by using conventional design rules
such as the Bree's method and the shakedown rule.

The author studied on ratchetting mechanism of a cylinder subjected to only
cyclic radial deflection loading, and subjected to combined load of constant
pressure and cyclic radial deflection in order to develop rational evaluation
methods which can be applied to the ratchetting of structural discontinuities.
It was found that the ratchetting in the cylinder occurs due to the interaction
of bi-axial stresses. Using the ratchetting model for interaction of bi-axial
stresses, new methods to predict the limit of ratchetting and accumulated strain
in structural discontinuities were developed, and new design rules were
proposed instead of conventional ones. The author obtained the following
results.

1) When the primary stress is negligible small, it is allowable to about twice
the stress range estimated by the conventional shakedown rule for the event
which occurs once or twice in a reactor life.

2) For the ratchetting under constant pressure load, it is allowable to about

five times of the secondary stress range estimated by the conventional design

rule.

¥ Structure and Material Research Section, Advanced Technology Division
O-arai Engineering Center
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Table 2.1 Comparison between Prediction and FEM Analysis

AR O prim gg Strain(mm/mm/cycle)
(mm) (kg/wm?*) (kg/mm?®) X Y Prediction FEM Analysis
CASE A-1 0.5 12, 69 16. 24 0,687 0,508 0.0 0.0
CASE A-2 1.0 15, 58 32. 49 0.843 1.015 2.60%x10°?2 1.20x10°°
CASE A-3 L5 16. 55 48. 73 0.896 1.523 7.52%10"? 6.20%10°°
CASE A-4 2.0 17.03 64. 97 0.922 2.030 1.35%10"? 1.39%x10°?
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Pressure(kg/mm?) Defrection(mm)
CASE-B1 0. 3819 0.5
CASE-B2 0. 3819 1.0
CASE-B3 0. 3819 1.5
CASE-B4 0. 3819 2.0
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Table3. 2 Analysis result

P AR Og Oy X Y AERpre AERFEM

(kg/mm?)  (om)  (kg/mm?) (kg/mm?) F iy FRITHER

CASE-B1 0. 319 0.5 12, 54 5,90 0.784 0,369 S, fHEEL S, fEIE

CASE-B2 0,319 1.0 12. 54 11.80 0.784 0,737 S, #EEK S, fE
CASE-B3 0. 319 1.5 12. 54 17.70 0.784 1,106 1,28:10"' 1.38x10°*
CASE-B4 0. 319 2.0 12. 54 23.59 0.784 1.476 3.47x10"' 3.51x10°*

CASE-B2S 0. 319 1.0 12. 54 11.80 0.784 0,737 S, K S, fE
CASE-B4S 0. 319 2.0 12. 54 23.59 0.784 1.476 3.47x10°* 2.10x10°*
CASE-B4S’ €. 319 2.0 12. 54 19.4¢ 0,784 1,213 1.89x10°* 2.10x10°*

H11) CASE-B1 ~CASB-B4 (ZMIE#%E 5L, CASB-B2SH & UFCASE-BASIE 7 4 L'y b EF /L,
2) CASE-B4S' (. CASE-BASICH#DEELENIC L BIEHETHEMEL b,
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Fig. 4. 1 Increment of ratchet strain of an elbow subjected to cyclic
in-plane bending moment




PNC TN9410 96-120

thRUTE O EIRT

C DEHDOE

MEFELOL

~nN
(22}

N
(=)
Te—

[44]

?

[$4)

~- RB1N
_-:r EHfl

14.4mm

|
- BrmEnh (%)

|
/ﬁ*ﬁﬁﬂt\ﬁ (543%) : op

Bh, 06570 ¢kg/mm )

| =280kg X7250m

N

s’

%ﬂﬂﬁh !N&ﬁ) g

;
A

Fig. 4. 2 Stress distributions at central portion of an elbow




———————— PNC TN9410 96-120

B . (3Sm) 1, 93m=14. 1kg/mm* 1. 5Sm=28. 2kg/mm*

14 .
b
[
Ill
ISESDELER /P
12 5 +
A 550°C !
[ 600°C /
% 650°C /
!
[

10 y
3

(X107%)
\_

A € R
D
\
\\\\‘N

Sn/3Sm

Fig, 4. 3 Predicted ratchet strain per cycle in elbows
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