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Strain concentration at structural discontinuities
and its quantification by elastic follow-up parameter

Naoto Kasahara? Hideki Takasho®

Abstract
Elevated temperature structural design codes pay attention to strain concentration at
structural discontinuities due to creep and plasticity, since it causes to enlarge creep-
fatigue damage of material. One of the difficulties to predict strain concentration is its
dependency on loading, constitutive equations, and relaxation time.

This study investigated fundamental mechanism of strain concentration and its
main factors. It was clarified that strain concentration was caused from strain
redistribution between elastic and inelastic regions, which can be quantified by the
elastic follow-up parameter. As a function of inelastic strain, the elastic follow-up
parameter can describe variation of strain concentration during incremental loading and
relaxation process, caused by transition of strain distnbution from peak strain
concentration to secondary stress redistribution

Structures have their own elastic follow-up characteristics as a function of inelastic
strain, which is insensitive to constitutive equations. It means that application of

inelastic analysis is not difficult to obtain elastic follow-up characteristics.

1) Structure and Material Research Group, System Engineering Division, OEC, JNC
2} Joyo Industries Co. Ltd.
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Case Analysis Constitutive Power | Loading
TE Elastic Elastic n=I O max
C5-1/3 Elastic-Creep Norton’s Law m=>5 1/3 0 max

C5-1/2 Elastic-Creep Norton’s Law m=5 2/3 0 max
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P5 Elastic-Plastic Ramberg- n=5 0 max
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Table 2 Analysis case of Y-piece(2)

Case | Analysis Constitutive Equation | Power | Loading
TE Elastic Elastic n=1 0 s
C7 Elastic-Creep Norton’s Law m=7 O max
P3 Elastic-Plastic | Ramberg—-Osgood n=3 0 o
P5 Elastic—Plastic Ramberg-Osgood n=5 O
P7 Elastic—Plastic | Ramberg-Osgood n=7 O,
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Table 3 Analysis case of Y-piece(3)

Case Analysis Type Constitutive Equation Power
E Elastic Elastic n=1
C3 Elastic-Creep Norton’s Law m=3
Cs Elastic-Creep Norton’s Law m=5
C7 Elastic-Creep Norton’s Law m=7
P5-C7 Elastic-Plastic-Creep RaNn'i;:::;is()Is‘;:; d 1::57
CBL Elastic-Creep Blackburn —
P3 Elastic-Plastic Ramberg-Osgood n=3
P5 Elastic-Plastic Ramberg-Osgoed n=5
P7 Elastic-Plastic Ramberg-Osgood n=7
PL3-75 Elastic-Plastic Ludwik n=3
PLS-75 Elastic-Plastic Ludwik n=5
PL7-75 Elastic-Plastic Ludwik n=7
PP Elastic-Plastic Perfectly plastic oo
PB Elastic-Plastic Bi-linear (At=0. 5%)
PB-10 Elastic-Plastic Bi-linear (At=1.0%)
CYPB Cyclic Elastic-Plastic Bi-linear ( A t=0. 5%)
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Table A Analysis case of Y-piece

Case Analysis Type | Constitutive Equation-| -~ Power
E Elastic Elastic — N n=1
C3 Elastic-Creep Norton’s Law m=3
C5 Elastic-Creep Norton’s Law m=5
C7 Elastic-Creep Norton’s Law m=7
P5-C7 Elastic-Plastic-Creep RaN;;ZT;sOIS‘;"O 4 ‘::;’
CBL Elastic-Creep Blackburn —
P3 Elastic-Plastic Ramberg-Osgood n=3
P35 Elastic-Plastic Ramberg-Osgood n=3
P7 Elastic-Plastic Ramberg-Osgood n=7
PL3-75 Elastic-Plastic Ludwik n=3
PL5-75 Elastic-Plastic Ludwik n=3
PL7-75 Elastic-Plastic Ludwik n=7
PP Elastic-Plastic Perfectly plastic 0o
PB Elastic-Plastic Bi-linear ( A t=0. 5%)
PB-10 Elastic-Plastic Bi-linear (At=1.0%)
CYPB Cyclic Elastic-Plastic Bi-linear ( A t=0. 5%)
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Table B Analysis case of Y-piece

Case Analysis Type Constitutive Equation Power
E Elastic Elastic n=]
C3 Elastic-Creep Norton’s Law m=3
CS FElastic-Creep Norton’s Law m=5
C7 ElaStic-Creep Norton’s Law m=7
P5-C7 Elastic-Plastic-Creep RaNn?ﬂI:;teOrI;-i)I;:::} d I::; |
CBL Elastic-Creep Blackburn -
P3 Elastic-Plastic Ramberg-Osgood n=3
P5 Elastic-Plastic Ramberg-Osgood n=53
P7 Elastic-Plastic Ramberg-Osgood n=7
PL3-75 Elastic-Plastic Ludwik n=3
PL5-75 Elastic-Plastic Ludwik n=5
PL7-75 Elastic-Plastic Ludwik n=7
PP Elastic-Plastic Perfectly plastic oo
PB Elastic-Plastic Bi-linear ( A t=0. 5%)
PB-10 Elastic-Plastic Bi-linear (A t=1. 0%)
CYPB Cyclic Elastic-Plastic Bi-linear ( A t=0. 5%)
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Table C Analysis case of Y-piece

- Case Analysis Type - Constitutive Equation | - Power
E Elastic Elastic o=l
C3 Elastic-Creep Norton’s Law =3
C5 Elastic-Creep Norton’s Law m=
C7 Elastic-Creep Norton’s Law m=T7
P5-C7 Elastic-Plastic-Creep ng;"r‘;’*{)ﬁ;"o 4 -
CBL Elastic-Creep Blackburn —
P3 Elastic-Plastic Ramberg-Osgood n=
P5 Elastic-Plastic Ramberg-Osgood n=
P7 Elastic-Plastic Ramberg-Osgood n=
PL3-75 Elastic-Plastic Ludwik n=
PL5-75 Elastic-Plastic Ludwik D=5
PL7-75 Elastic-Plastic Ludwik =7
PP Elastic-Plastic Perfectly plastic co
PB Elastic-Plastic Bi-linear (A t=0. 5%)
PB-10 Elastic-Plastic Bi-linear (At=1. 0%)
cYrs Cyclic Elastic-Plastic Bi-linear ( A t=0. 5%)
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