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Crack Growth Instability Based on COD-R Curve
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Abstract

Using COD-R curves, instability of crack growth in ductile material is studied here. Tearing
modulus 7%, based on the COA concept is defined and the instability criterion Tsapp> Tomar is
compared with experiments. Variations of the COD-R curve and the location of rotation center
are experimentally investigated as the initial crack ratio varies. Three-point bend specimens of
alloy steel SCM4 are used here and two clip-on gauges are installed in order to obtain the
COD-R curve. The results show that the tearing modulus T, is a good measure to characterize

the instability of crack growth. Also it is found that the location of rotation center is almost

constant regardless of the initial crack ratio and the amount of the crack growth.
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Table 1 Chemical composition and mechanical properties of testing material

(a) Chemical composition(wt. %)

c | s | Mn ' P | s | Cr | Mo Cu
[
0.40 l 024 | o8 | 0.021 | 002 | 0938 | 019 0.13
(b) Mechanical properties
0.2% proof Tensile strength| Elongation | Reduction of Young’s Poisson’s Hardqning
stress area modulus ratio coefficient
oo.2(kgf/mm?) | os(kgf/mm?) 3(%) (%) L'(kgf/mm?) v n
824 |  ou8 197 | 610 | 2600 | 03 | o082
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Fig. 2 Dimensions of specimen and simplified con-
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Fig. 7 COD-resistance curves for the case of unstable crack growth
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Table 2 Experimental results

Initial

ik Loontam| Criticat Material] - Stability
ra;;o (k§7 COD1c {modulus
w mm) (mm) Tsmat
2000 0.12 61. 08 Stable
828 0.12 65. 05 Stable
0.6 614 0.14 63.76 | Limited-stable®
518 0.11 61.48 Unstable
449 0.13 53.42 Unstable
449 0.10 60. 35 Unstable
Average | \ 0.12 | 60.86 |
2000 0.11 59.13 Stable
449 0.11 61.26 Stable
0. 65 481 0.15 47.95 Stable
399 0.14 51.75 Unstable
357 0.11 55.46 Unstable
340 0.11 53.60 Unstable
Average | | 012 | 5486
2000 0.13 51. 60 Stable
449 0.13 48. 20 Stable
332 0. 10 51.94 Stable
0.70 307 0. 12 52.32 | Limited-stable*
261 0.13 51. 59 Unstable
249 0.14 50.72 Unstable
235 0.10 47.50 Unstable
Average | | 012 | 50.55 |

* Limited-stable : Stable crack growth resumed after
some amounts of unstable crack
growth (see Appendix)
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