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Creep Analysis of a Service-exposed 1.25Cr—0.5Mo Steel Using the Omega Method

Shimpei FujiBayasHi and Takao ENDO

Synopsis : In recent years, a more sophisticated methodology to predict the remnant creep life is demanded as the operating duration of existing high

temperature components have exceeded their design lives in various industries. In that sense, the strain rate based life assessment could lead

to a better solution than conventionally applied methods relying upon hardness measurements, observation of microstructures and so on be-

cause strain rate is the one of the most sensitive indicator of damage accumulation by creep. In the present work, authors have examined the

applicability of the omega method to creep curve description and life assessment using a service exposed 1.25Cr-0.5Mo steel operated for

twenty three years in a refinery. The materials examined were two kinds of parent materials (a normalized and tempered plate and a forged

flange) and a weld metal fabricated by a Shield Metal Arc Welding technique. Despite relatively large cast to cast variations in magnitudes of

the parameters termed €, and €2 in the Omega method, consistent correlation between these parameters and the creep properties such as rup-

ture life, a magnitude of strain and ductility were found. As reported in the previous works, £, and £ can be expressed by the equation which

is similar to that for Norton’s law. Using these relationships, the creep behavior in terms of time-strain correlation from a low strain regime to

rupture and time to rupture was predicted with satisfactory accuracy in the testing conditions in the present work.

Key words: 1.25Cr—0.5Mo steel; omega method; service-exposed material; creep; life assessment.
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Table 1. Characteristics of parent materials.

Material Hv Grain  size
specification (10kg) (um)
Pipe ASTM A387Gr.C | 139.1 53
Flange | ASTM Al82FI1 144.6 45

Table 2. Chemical compositions (wt%).

C Si Mn Cr Mo S P

Flange 0.12 0.43 0.51 131 054 | 0015 | 0015

Weld Metal | 0.066 0.43 0.61 1.37 0.57 0.009 0.009

Pipe 0.10 0.65 047 121 045 | 0004 | 0012
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Fig. 1. Creep curves of service exposed materials (600°C,
60 MPa).
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Fig. 2. Manson-Haferd Parameter—stress correlation for
service-exposed 1.25Cr-0.5Mo steels and NIMS
data.
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Regression for the present work
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Fig. 3. Variation of average elongation rate with time to
rupture.
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Fig. 4. Comparison between the normalized creep curves
and those predicted by omega method.
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Fig. 5. Relationship between (2 and the strain at #/r,=0.5.
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Fig. 6. Relationship between £2 and elongation.
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Fig. 7. Relationship between €2 and the initial strain rate.
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Fig. 8. Correlation between the time to rupture and the ini-
tial strain rate.
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Table 3. Experimental results on creep rupture properties, £2 and &,

flange pipe weld metal
T Stress [ El £ [ El [ t, El f
K MP. h ) 0 Q h % 0 h o, 0 Q
® | ooy | )| %) | 0 ® 1] ghoun | 2] ™ 1] (hou
873 | 60 8210 | 17.7 | 2.48x10° | 453 | 2701 | 33.3 | 1.87x10° { 20.1 | 5348 | 9.9 [ 1.89x10° | 100
873 | 60 8416 | 16.5 | 2.09x10° | 52.9 | 1974 | 27.8 | 2.25x10° | 23.5
873 | 100 206 | 39.7 | 2.23x10° | 133 | 57 | 653 | 2.12x10° | 850 | 800 | 28.7 | 4.84x10° | 32.6
883 | 80 1135 | 324 | 3.43x10° [ 250 | 199 [ 625 | 5.21x10* | 9.00
883 | 100 199 | 436 | 3.04x10° [ 152 | 25 | 70.1 | 425x107 | 8.11
903 | 60 1725 | 205 | 1.36x10° | 41.3 | 418 | 64.6 | 1.40x10* | 16.0
923 | 60 508 | 27.5 | 6.98x10° | 30.6 | 130 | 57.4 | 5.98x10° | 13.5 | 357 | 603 | 8.35x10° | 239
923 | 60 697 | 304 | 3.91x10° | 363 | 110 {811 | 9.06x10° | 9.74
943 | 30 1563 | 12.0 | 1.01x10° | 66.7 | 834 | 41.3 | 3.55x10° | 349 | 1085 | 32.4 | 3.36x10° | 263
943 | 40 888 | 29.0 | 4.18x10° | 36.3 | 323 | 40.3 | 1.46x107 | 21.4 | 447 | 484 | 9.75x10° | 21.7
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