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Mechanical Properties Controlling Ductile Crack Growth of Structural Steel
—Simulation of Ductile Crack Growth—

Mitsuru OBATA, Takuya FUKAHORI and Fumiyoshi MINAMI

Synopsis

: The effort of this study is to reveal the material properties controlling the resistance to ductile crack initiation and growth (CTOD-R curve)

on the basis of the microscopic observation of crack growth, so that the CTOD-R curve can be numerically predicted only from those proper-

ties. The crack growth resistance tests using 3-point bend specimens with fatigue pre-crack for two steels provide different ductile crack

growth resistance, CTOD-R curve, whereas both steels have the same “mechanical properties” in terms of strength and work hardening. The

crack-tip constraint effect, in this case the pre-crack length effect, on the CTOD-R curve is also different between both steels. The observa-

tion of crack growth behaviors reveals that micro-mechanisms of ductile crack initiation from fatigue pre-crack and subsequent extension can

be different. It is shown that two “ductile properties” of steel associated with ductile damage can control the CTOD-R curve. The one is “crit-

ical local strain” evaluated with the notch-tip strain for ductile cracking obtained with bending test of notched specimen, which controls duc-

tile crack initiation of pre-cracked specimen. The other one is “stress triaxiality dependent ductility” obtained with circumferentially notched

round-bar specimens subjected to tension, which controls the ductile crack extension for pre-cracked specimen.

Key words : ductile crack initiation; ductile crack extension; CTOD-R curve; damage; ductility; stress triaxiality.
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Table 1. Chemical composition of steels used (mass%).

C Si Mn P S Nb Mo Ti Ceq Pcm
Steel A| 0.09 | 0.29 [ 159 | 0.012 {0.003 | 0.05 | 0.00 | 0.02 | 0.39 0.20
Steel B] 0.07 0.26 1.89 [ 0.008 |<0.001] 0.04 0.22 0.01 0.45 0.20

Ceq=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15
Pem=C+Si/30+(Mn+Cu+Cr)20+Ni/60+Mo/15+V/10+5B
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(a) Steel A (b) Steel B
Fig. 1. Microstructures of steels used. (a) Steel A, (b)
Steel B.
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Fig. 2. Work hardening properties of steels used.
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Table 2. Chemical composition of steels used (mass%)

Go2(MPa)| o;(MPa) YR & (%)
Steel A 620 721 0.86 8.5
Steel B 650 735 0.88 5.1

G2 0.2%proof stress, or: Tensile strength,
gr: Uniform elongation (G.L.=32mm),
YR : Yield to tensile ratio

Fatigue
ay/W=0.2 W=30 \Pre-crack
a,=6 _
= st o x4 B=15 26
! S=120 | Detail of crack
(unit : mm)

(b) ao/W=0.2

Fig. 3. Three-point bend specimens with fatigue pre-crack. (a) a,/W=0.5, (b) a/ W=0.2.
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Fig. 4. Procedure for observing the ductile crack initiation
and extension.
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Fig. 5. Ductile crack growth resistance curves, CTOD R-curves, for steels A and B. (a) Whole range of ductile crack extension,

(b) around crack initiation area.
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Fig. 6. Ductile crack initiation/extension profile and microscopic fracture appearance in pre-cracked specimen for steel A.
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Fig. 10. Three-point bend specimen with notch. (a) Specimen geometry, (b) 3D FE-model and mesh division.
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Fig. 11. Ductile crack initiation/extension profile and microscopic fracture appearance in notched specimen for steel A.
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