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Procedures for obtaining stress-strain curve including post-necking strain
(Applicability of testing method (IFD method) and estimation method (K-fit method)
for stainless steels)
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Abstract Testing and estimation procedures for obtaining true stress-strain curves of
stainless steels were discussed in order to calculate load carrying capacity of nuclear power
plant components by elastic-plastic finite element analyses. Type 316 stainless steel specimens
of various degrees of cold working were subjected to tensile tests with different test speeds. It
was shown that faster test speed reduced elongation and ultimate strength of the specimens.
The strain on the specimen surface measured by the digital image correlation (DIC) technique
exhibited an inhomogeneous strain distribution even when the strain was less than the uniform
elongation (necking strain). The strain was elevated locally at the center of the specimen and
its magnitude was about 1.2 times the nominal strain measured by an extensometer. A testing
method (IFD method)has been developed to obtain the true stress-strain curve including post-
necking strain by using an hourglass type specimen. In this study, the IFD method was improved
so that it was applicable to the round-bar smooth specimens used for the tensile tests. Then,
the stress-strain curves were estimated from the 0.2% proof and ultimate strengths by the K-fit
method, which has been proposed by the current author. It was shown that K-fit method could
estimate the stress-strain curves including the post-necking strain. Finally, a tensile test was
carried out using a plate specimen with round notches. Elastic-plastic finite element analyses
using the stress-strain curves estimated by the improved IFD method and K-fit method could
simulate the deformation and strain distribution. The load carrying capacity obtained by the
finite element analyses were almost equivalent to that obtained by the tensile test. However, the
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yielding load obtained by the finite element analyses were slightly higher than that obtained by
the test due to the strain rate dependency of the stress-strain curve.
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strain rate, load carrying capacity
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Table 1 Chemical content of test material (mass %).

Fe | C Si | Mn| P S Ni | Cr | Mo
Bal. | 0.06 | 0.84 | 0.84 |0.0280.001 |10.10|16.16 | 2.14
(82)
as)
36 |
________________ JENDUSDSS P £ ISP IS S
&
/

Fig. 1 Geometry of smooth bar type specimen for
tensile tests (unit: mm) .
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Table 2 Summary of tensile test results and constants obtained by regressions for Ramberg-Osgood and Swift types

constitutive equations.

Material | Test speedV | 02% Proof | Ultimate Young's Uniform Ramberig-Osgood type Swift type
(mm/m) |strength(MPa) | strength(MPa) | modulus(GPa) | elongation(%) a n A €,
CWO0 4 310 605 205 56.2 9.52 3.04 1255 0.077
CW5 4 417 647 197 484 7.57 3.68 1296 0.122
CW10 4 480 685 193 412 5.72 4.26 1261 0.196
CW20 4 693 774 191 259 5.20 597 1248 0.357
CWo 1 298 630 205 66.3
CWo 8 297 600 205 52.6
CWOo 16 236 591 205 49.6
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Fig. 3 0.2% proof and ultimate strengths obtained by
tensile tests for various cross-head speeds using
CWO specimens.
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Fig. 4 Change in strain rate during tensile test of
various cross-head speeds obtained for Type 316
stainless steel in room temperature.
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Determination of stress-strain
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Fig. 7 The analysis procedure for determining stress-strain curve over uniform elongation (modified IFD method).
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by DIC technique.
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Fig. 9 Finite element meshes and boundary conditions
applied for simulating the tensile test using
smooth bar specimen.
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Fig. 10 True stress-strain curves obtained by the
modified IFD method.
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Ramberg-Osgood type equation.
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Fig. 13 Regressions of true stress-strain curves by Swift
type equation.
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Fig. 14 True stress-strain curve estimation by MPC
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