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Assessment of Creep Crack Growth Behavior of Service-degraded

2Y{Cr-1Mo Cast Steels

Akio Fuil, Isamu YAMAYA, Isao SOMENO and Masaki KiTacawA

Synopsis :

Creep crack growth behavior was experimentally investigated at 570°C in 24 Cr-1Mo cast steels, taken
out of heavy section components in power boiler plants of which the total service life were longer than
100000 hours. Stress intensity factor, load line displacement rate, C* -integral and Q* -parameter were

used as parameters to evaluate the creep crack growth rate.

materials was observed in the evaluations.

And, degradation of crack growth in aged

In the relationship of C™ -integral or load line displacement rate, and the creep crack growth rate, the
so-called tail part, which characterizes the early stage of the test owing to the transient behavior, was
considered. The relationship between the minimum of load line displacement rate and fracture life fell on

practically a single trend line in terms of Monkman-Grant type equation.

found to be of activation type.

It means that the equation is

At last, the softening region near crack tip was discussed in the relation of the crack growth resistance.
Key words : creep; low alloy steel; fracture; steel for elevated temperature service; crack growth; C*-

integral ; @ * -parameter.
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Table 1. Chemical compositions of materials used (mass% ).

Materials/ C Si Mn P S Cr Mo Al Sn As
Used 1 .10 .38 .39 .023 .024 2.25 .87 .020 .012 .012
Used 2 .15 .71 .54 .012 .015 2.48 .94 .056 .021 .019
New .11 .59 .64 .015 .006 2.11 .90 .043 .003 .003

Table 2. Mechanical properties of materials used. EPt  lead Input current lead

output lea
P . O\\[F25.4+
Materials 0.2%Y.S. T. S. ElL R. A. uE i
(MPa) (MPa) (%) (%) ) o« Co12.7

EIEE A T & e

Renew 5 . . T o~ o

Used 2 224 528 22.3 50.2 34 > C oo~ 30 | ~

New 330 493 26.2 66.6 154 < LB 4 NN ©

N L_L
(Note) Renew; Used 1 renewed by heat treatment - @ :
uE; 2 mmU Charpy impact energy L—B-.’ "‘23 4
(By=0.75B) —
| ~—50.80W)
f 63.5 —
Fig. 1. Geometory of CT specimen.
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Fig. 2. Apparatus of creep crack growth testing.
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Table 3. Specimen size and testing conditions.

Specimen Side Test Load
Materials thickness groove temp.
(mm) (°C) (N)

Used 1 25.4 with 570 10787
Used 1 25.4 with 570 13729
Renew 25.4 with 570 12749
Renew 25.4 with 570 13729
Used 2 25.4 with 570 13729
New 12.7 with 570 4314
New 12.7 with 570 4511
New 12.7 with 570 5491

Table 4. Value of material constants in creep
properties.

Materials 1;38?‘ (MPi)_" n
Used 1 570 1.76X10~2%0 8.38
Renew 570 2.61x10”19 7.51
Used 2 570 2.75X107% 10.2

a : Fatigue pre-crack b : Creep crack
An example of fracture surface after

Photo. 1.
testing.
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Fig. 3. Changes in (a) load line displacement and
(b) creep crack length with creep time for 2.25
Cr-1Mo cast steel at 570°C.
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Fig. 4. Relationship between normalized crack
length and crack growth rate.
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Fig. 5. Relationship between normalized crack
length and load line displacement rate.
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Fig. 6. Relationship between stress intensity fac-
tor and creep crack growth rate.
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Fig. 8. Relationship between load line dis-
placement rate or C* integral and creep crack
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Fig. 10. A schematic drawing of a tail part in in-
tial crack growth region.
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Fig. 13. Hardness distributions near creep crack
surface of (a)used 1 and (b)renewed 2.25Cr-1Mo

cast steel after crack growth testing.
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