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Brittle Fracture Controlling Parameter of Structural Steels after Large Crack Growth by Cyclic Loading

- Brittle Fracture Evaluation of Steel Components Subjected to Large Scale Cyclic Loading (Part 2) -

by Mitsuru Ohata, Member
Syusuke Fujita
Masao Toyoda, Member

Fumiyoshi Minami, Member
Hiroshi Shimanuki, Member

Summary

Brittle fracture properties after crack extension for structural steels under large scale cyclic loading is discussed.
Fracture tests are conducted with a shallow-notched 4-point bend specimen for iwo structural steels, which are largely
differ in work hardening properties. Loading history applied are monotonic, repetitive and incremental cyclic loading.
Test results are evaluated with a 90% skeleton CTOD, 6,,, ..., -Which was defined in Part I of this study. It is shown
that the 90% skeleton CTOD is applicable to evaluate the ductile crack growth resistance curve, irrespective of
loading history and work hardening properties. However, a further investigation is necessary to use the 90% skeleton
CTOD as a brittle fracture controlling parameter preceded by crack growth in cyclic loading. A discussion should be
focused on the effect of cyclic prestrain near the crack-tip on the embrittlement of notched components.
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Fig. 1 Nominal stress - nominal strain curves for steels used.

Table I Chemical composition and mechanical properties of steels used.

HEGIRABTHEONZRICBY : —
3 ) _ Chemical composition NMechanical i

BLRMICT — R EMRZ R L, (mass%) echanical propertes

FLER D 72812 SMAS0A A FEA O 4% clsilunl 2 | s O | Or | YR | & | vEo | vTis

HELRLTWD, F72, Table 112 (MPa)| (MPa) | (%) | (%) | (J) | (°C)

M DA i e | PHISOR a74 | 538 | 70 |27.6| 282 | -40

Y %o SM490A FTEM DN LR SM4S0A ||0.15/0.35/|1.36/0.0156|0.003

1LEEIZ SMA0OB SR IZE~<=Th % Y Pre-strained 565 | 572 | 99 6.7 181 -8
i=15mm

A<, BRIECHA0%EREDE et

SN (t=16mm ) || - 16[0-18|0.66| 0.024|0.006| 273 | 448 | &1 | 17.7| 149 | -10

T, MM OBIEETEL N
RIBRT B 72D I E M L 7 TR
BRo#ES % Fig. 2, Fig. 31273,

oy : Yield stress (0.2% proof stress), oy : Tensile sirength,
YR Yield fo tensile ratio (Gy/0;), £y : Uniform elongation,

JEo : Charpy absorbed energy at 0°C, | T, : Ductile-briitle transition temperaiure
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Fig. 3 Ductile - britile transition curves obtained by 3-point bend fracture toughness tests for steels used.
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Fig. 4 Configuration of 4-point bend specimen.

Fig. 5 Pattern of loading history of fracture test.
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Fig. 6 Deformation behavior obtained by monotonic and repetitive 4-point bend tests for SM490A pre-strained steel.
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Fig. 7 Deformation behavior obtained by monotonic and repetitive 4-point bend tests for SM400B steel.
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Fig. 8 Deformation behavior obtained by incremental cyclic 4-point bend tests for SM490A pre-strained steel.
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Fig. 9 Deformation behavior obtained by incremental cyclic 4-point bend tests for SM400B steel.
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Fig. 11 Crack extension properties in monotonic, repetitive and cyclic fracture tests.
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of loading for SM400B steel.
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