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Evaluation of Creep Crack Growth Behavior of NCF800H Alloy Based on Creep Fracture Mechanism

Masaaki Tasucul, Kiyoshi Kuso and Koichi Y act

Synopsis : In order to investigate the relationship between microscopical creep fracture mechanism and creep crack growth rate,
creep crack growth tests-were conducted on CT specimens of NCF800H alloy. Wedge-type intergranular fracture,
transgranular one and cavity-type intergranular one were observed at 873K, 923K and 973K, and 1073K, respectively.
For an equal value of C* parameter, creep crack growth rate was the fastest under wedge-type fracture condition, and
secondary under cavity-type fracture condition and the slowest under transgranular fracture. Similar dependence of
crack growth rate on fracture mode had been observed in creep crack propagation of a SUS316 steel. This corresponds
with the difference of creep fracture ductility. Under the cavity-type fracture condition, creep crack growth rate
increased as the damaged zone ahead of the crack tip increased. This effect could be explained by Riedel’s crack growth
model based on the grain boundary cavitation. Therefore, it is necessary to take the effect of creep damaged zone into
account, when we evaluate the creep crack growth rate of structural components used for long time at high tempera-

ture.

Key words : creep crack growth behavior ; NCF800H alloy ; C* parameter ; creep fracture mode ; wedge-type crack ; intergranular

cavity.
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Table 1. Chemical composition (wt.9%5) and heat
treatment condition.

C Si Mn S Ni Cr Fe Cu Al Ti
0.06 | 0.4 1.0 [0.001{ 31.9 | 20.0 | 454 | 0.03 | 0.35 { 0.46
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Fig.1. Geometry and size of CT specimen tested.
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Fig.2. Stress vs. time to rupture curves and creep
fracture mode of round bar specimens.
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Fig.3. Relationship between reduction of area vs.
time to rupture of round bar specimens.
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Fig.4. Changes in Vickers hardness during isother-
mal aging.
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Fig.5. Microstructures observed near fracture surface of CT specimens.
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Fig.6. Relationship between (a)creep crack length
(a—a,), (b)load line displacement(d) vs.
normalized time (¢#/4,) curves.
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Table 2. Material constants of Norton’s rule.
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Fig.7. Relationship between creep crack growth
rate vs. C* parameter of NCF800H alloy.

Table 3. Creep crack growth testing conditions,
fracture time, fracture mode and plot
symbols used in Fig. 7.

Temp. Load tr Fracture
(K) (kN) (h) mode
[ J 873 13.69 172 Wedge-type
O 11.47 476 Wedge-type
A 923 11.71 148 Transgranular
AN 8.98 858 Transgranular
n 973 7.62 217 Transgranular
O 4.36 1321 Transgranular
L 1073 3.11 1050 Cavity-type
< 2.61 2404 Cavity-type
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Fig.8. Relationship between da/dt at C*=(k]J/m?h) vs. reduction of area of round bar specimen ruptured at
the same time as CT specimen in (a)NCF800H and (b)SUS316.
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Fig.9. Microscopical features of creep crack tip
observed in CT specimens interrupted.
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Fig.10. Creep crack growth by grain boundary
cavitation.
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Fig.11. Comparison of creep crack growth model by
grain boundary cavitation with experimen-
tal results in (a)NCF800H and (b)SUS316.
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Fig.12. Grain boundary cavities observed near the creep crack of CT specimens.
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