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Effect of Specimen Size on Intergranular Mode Fracture Toughness of
Cr-Mo-V Steel in the Transition Temperature Region

Keiichi SHIMOMURA, Tetsuo SHOJI, Hideaki TAKAHASHI and Kiyoshi SAITO

Synopsis:

A determination procedure of intergranular mode fracture toughness has been studied on the basis of
elastic-plastic fracture mechanics and by use of AE technique to detect an onset of microscopic pop-in
cracking at the crack front. Experiments were performed on a steam turbine rotor steel (Cr-Mo-V steel) at
150°C, and four different sizes of compact tension specimens having the thickness of 10 mm(0.4TCT),
25 mm(1TCT), 50 mm(2TCT), and 100 mm(4TCT) were used. In combination with the fractographic
observation on fractured surfaces, the fracture toughness determined by AE technique, Ji4g, was proposed
as the critical J-integral value characterizing an onset of a microscopic intergranular mode pop-in fracture,
and its size effects was discussed. Each lower value of Kj4e(=V/E.Jiae/(1-v?)) obtained from smaller
specimens such as 0.4TCT and 1TCT specimens was coincident with that from the large specimens.
Furthermore, the toughness values of 2TCT and 4TCT specimens, Kic(4r), met the size requirement for the
plane-strain fracture toughness, and were about 76 percent of the valid K;c. This evidence suggests that the
fracture toughness by AE technique proposed here is a suitable parameter to the toughness value of the

© 1986 1SIJ

brittle fracture initiation more conservative than the plane-strain fracture toughness value.
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Fig. 1. Charpy V-notch impact data for Cr-
Mo-V steel.
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0.4 TCT 20 12 10
1 TCT 50 30 25
2 TCT 100 60 50
4 TCT 200 120 100

Fig. 2. Details of compact tension specimen
geometry.

Table 1. Chemical composition (wt2;) and
mechanical properties of Cr-Mo-V steel.

C Si Mn P S Ni Cr Mo v
0.35 0.3¢ 0.78 0.019 0.026 0.44 1.03 1.08 0.22

ay: 495MPa ours: 670MPa  ¢;: 15.8% at R. T.
gy: 461MPa ours: 610MPa  ¢;: 13.7% at 150C
Young’s Modulus: 206 000MPa
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Intergranulal
Fracture

Fractographic observation in 0.4T compact tension specimens.
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(a) Ductile regions along the fatigue crack front prior to intergranular fracture
(b) An example of the intergranular mode fracture surface along the fatigue crack front
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Fig. 3. J resistance curves for 0.4T and 1T
compact tension specimens.
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(a) Load-displacement curve and AFE event energy

(b) Location of microscopic intergranular pop-in cracking
Fig. 4. Identification of AE sources using 0.4T
compact tension specimen.
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Fig. 5. AE characteristics during fracture tough-
ness test of 4T compact tension specimen.
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Table 2. Summary of fracture toughness data J¢, Jiar and Kj¢, KjaE.

JeV Kse® JjaE Kraz Eﬁgéure Je Kse JjaE Ksar
0.4 T-1 27.2 78.5 — — — 1 T-1 34.5 88. 4 14.9 58.1
2 41.2 96. 6 — —_ mixed5 2 - — 20.0 67.3
3 49. 4 105, 7 45,0 100. 9 > 3 50. 7 107. 3 26.8 77.9.
4 29.8 82.1 — — —_— 4 47. 4 103.6 34.0 87.7
5 27.8 79.3 21.2 69.3 — 5 17.8 63.5 17.8 63.5
6 3.1 83.9 31 83.9 IG® 6 30.7 83.4 30.7 83.4
7 20. 7 68. 4 12.0 52.1 —_ 7 25.5 76.0 25.5 76.0
8 23.1 72.3 13.7 55.7 — 2 T-1 36. 4 9. 8 19.2 65.9

9 14.0 56.3 14.0 56. 3 IG 2 21.6 69.9 —_ 56, 79

10 42.7 98.3 42.7 98.3 mixed 4 T-1 — 75. 3% — 57.39

1) J: kI/m?, 2) K: MPa - m'/2, 3) Dimple mode fracture, 4) Intergranular mode fracture, 5) Mixed mode fracture

6) Satisfied value with the size requirement for the valid Kye.
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Fig. 6. Effect of specimen size on fracture toughness, (a) K;c and (b) Kiqp.
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