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

Development. of the Simplified Evaluation Method for Ratchetting
due to Primary Bending Stress and Secondary Membrane Stress

Takuya Yamashita* , Kazuyuki Tsukimori*
Takashi Nagata®*

Abstract

Four types of ratchetting are expected if the interaction of constant primary
stress and cyclic secondary stress is considered in the uni-axial stress field. The
ratchetting due to the interaction of primary bending stress and secondary membrane
stress, which is one of them, has not been discussed, while others have been
already clarified based on typical modes, i.e. 2-bar model, Bree model and bellows.

In this study a simplified evaluation method for the rachetting due to primary
bending stress and secondary membrane stress is developed in order to complete the
evaluation methods of four types of ratchetting which are needed to systemize the
strain limit requirements of the design rule for FBRs.

The ratchetting condition is obtained analytically by the kinematic shakedown
theory proposed by Ponter et al.. Calculating the dissipated energy of a beam
subjected to primary bending stress and secondary membrane stress using the
modified yield stress for the beam, the ratchetting condition is obtained as
follous

2 1
— X+ — Y>1
3 2
where X and Y are non-dimensiocnal primary bending and secondary membrane stress
parameters divided by the yield stress of materials respectively. The validity of
the boundary is demonstrated in comparison with FEM analysis results of a simple
beam subjected to constant bending moment and cyclic axial displacement loads.

The shakedown limits of the four modes of ratchetting due to interaction of
primary and secondary stresses under uni-axial stress field could be arranged by the
development of the simplified evaluation method for ratchetting due to primary
bending stress and secondary membrane stress.

% Structural Engineering Section, Systems and Components Development Division,

O~aral Engineering Center
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Table 1.2 Ratchetting Modes Induced by Interaction of Uni-axial Stresses

bending

bending

STRESS.
MODE STRUCTURAL MODEL DIAGRAM
Primary Secondary
o a
R
M—M X X
i
X
1. .
membrane membrane
a g
A
‘M—B —*ﬂmmﬂmmuﬁ—>x ——hmwp X
m U'I‘
membrane bending Bree Model
g o
bending membrane
a a
A h
B—B 4)( ‘hﬂwy X
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M M(Constant bending moment)

A d(Cyclic displacement)

Fig. 3.1 Analysis Model



“PNC TN9410 92-139

Table 3.1 Analysis Conditions
Case X Y Predicted Behavior
1 0.5 1.0 S,
2 0.5 2.0 R:
3 0.9 3.0 R
4 1.2 0.2 S
5 1.0 3.0 R:
4.0 m ,
1
}
\
! 3Y+1
i X=
\ (Y+1)?
i
i
3.0 \ .
3
‘\
\
\\‘
Ao, | R4 \ R.
Y= - 1\
Sy \\
2.0 ‘\\ |
2\ Y

1.5
Top
X =

Fig. 3. 2 Analysis Conditions
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Table 4.1 Ratchetting Modes Induced by Interaction of Uni-axial Stresses
STRESS
MODE STRUCTURAL MODEL DIAGRAM
Primary Secondary :
Y
g v
. h F: 3
3 ™
' R
2
M—-M X X S
_ 1
E
X
' 0 1
membrane membrane 2-Bar model
g o
A h
M-s W % ,
N
Om UT 0 1
membrane bending Bree Model
F d Y
a a
M A
o _*W$meﬂ*9x —ﬂmwwmmw%Lx
T
bending membrane Beam Model
d YR
g )
4 A 4 ”‘
Sz
3k
. ‘\ Rl
B—B X X 282
, 1
bending bending Beam & Bellows 0 1
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Fig. 4. 1 Mechanism of the Prunary Membrane plus Secondary Bending Ratchetting
in the R, Region (X=0.5, Y=2.2)
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