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Cyclic true stress true strain relation in the large strain region of common steel for welded structures™

sk | bk
, SHIMOKA Tsukasa , MURAKAMI Koji
and GOTOH Koji

by MATSUDA Kazuki
UCHIMURA Tomoya

Cyclic true stress - true strain curves were obtained using general-purpose shipbuilding steel in the large strain region. Test methods are
incremental step test and static tensile test after cyclic loading. The stress-strain curves for static and cyclic loading were compared to investigate
the cause of the difference between each other. A simple method for estimating the cyclic stress-strain curves was proposed. The diameter and
curvature of the smallest cross-section of the specimen were measured using telecentric measurement device, and the true stress - true strain
curve was obtained using the Bridgman correction method. Using the measurement method, cyclic stress-strain diagrams were obtained in the
region where the true strain exceeded 1% by performing cyclic tensile tests using the incremental step method and static tensile tests after cyclic
loading. The influence of the test method and maximum displacement conditions on the cyclic stress-strain curve was small within the scope of
this study. There was little difference in the elongation between the static tensile test and the static tensile test after cyclic loading. The difference
in yield stress between static and cyclic loading was discussed in terms of macro-yield mechanisms at intergranular and transgranular. A simple
method for estimating cyclic stress-strain curves from a static stress-strain curve was proposed. The specimens used in this study are general-
purpose shipbuilding steels, and the results should be applicable to similar steels for welding and structures.

Key Words: Cyclic stress strain curve, Incremental step method, Static tensile test after cyclic loading, Yield stress, Common steel for welded
structures, Ship Building steel, Telecentric measurement
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Table 1 Mechanical properties of material used.

Yield Stress Tensile Strength Elongation Young’s modulus
[MPa] [MPal [%] [GPal
403 515 24 206
150
52.78 44.44
S
S
“ = =
— — M
= < S
o
Y
Fig.1 Geometry of the specimen.
Table 2 Lists of maximum displacement conditions.

E Maximum Displacement

Q

3o time [mm]

[

2 +0.75
+0.85
+0.95

+1.0
+1.3

Fig.2 Schematics of a block shape of incremental step.
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Fig.3 True stress-true strain curves obtained in monotonic static tensile test. (a) true strain to 1.5, (b) to 0.05, (¢) to 0.005

Table 3  Lists of number of loading blocks to failure for each condition.

Maximum Displacement | Number of loading blocks to failure
[mm] [blocks]
+0.75 37
+0.85 22
+0.95 13
+1.0 12
+1.3 6
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Fig.4 Hysteresis loops and cyclic true stress-true strain curves obtained by incremental step test.
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Fig.5 True stress—true strain curves obtained from static tensile tests after cyclic tensile loading. (a) Difference in maximum displacement, (b)

Difference in number of loading blocks.
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Fig.9 Comparison of stress-strain diagrams for static and cyclic loading. (a) True strain to 0.5, (b) True strain to 0.1
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