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Estimation of Creep Life of Boiler Tubes (18-8-Mo Stainless
Steel) Remaining after Long Term Service

Akira OuToMO, Kohichi ASAKAWA, and Yoshinori SAIGA

Synopsis:

For the failure analysis or in-service inspection of high temperature parts of power plants, the esti-
mation of the creep life remaining after a given service period and evaluation of such estimates are
very important, especially when the parts have been accidentally overheated.

It the cases, the life fraction rule is offer applied. To lay a foundation for this practice, creep rup-
ture tests and metallographic studies were conducted on type 18-8-Mo stainless steel that had been
used as superheater tube at 590~615°C for 27 000 hours. It was found that a serive temperature with
+15°C, one of the indispensable conditions for reliable estimation of the remaining creep life is diffi-
cult to determine by means of metallographic observations and that for the estimation of remaining
life by a comparison between the used tube and unused tube in creep rupture testing, both tubes must
be heated equally. As a result, the estimation based on creep strain (tangential strain on outside
periphery of the tube) was found to be the best method capable of non-destructive testing for a se-

cular change of remaining life.
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Table 1. Chemical compositions of tubes
investigated (%) .

Material} C |Si IMn| P | S [Ni|Cr IMo
Used tube |0063}0.53 | 1.65 [0020{ 00091341 |1631] 220
Unused tubelQ07 | 0.51 | 1.65 |0.021] 0.0i1{13.41]|16.24 2.67

——— Average wall temperature of tested superheater tube (calculated )
~--= Wall temperature at cuter surface of superheater tube close 1o outist
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Fig. 1. Temperature distributions in service.
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Fig. 2. Dimensions of creep test specimens
(unit : mm).
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Fig. 3. Relationship between stress and rupture
time.
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Table 2. Relationship between temperature change test in creep of unused tube and the

life fraction rule.

P Temp |Stress Time |Creep Rate| Strain{Rupiure |Life Fraction | Cumulative
Test. Condition | (o) |(kg/mmdl (h) | (%7hy | (99) | &1 Life Fraction
65 i 0.006 - I
T Const 0| 155 |1693]00063 37 I
o 700 | 155 106 |0.18 - | s7 ! 1
750 | 7 2604 |0.0073 | — | 44 i I
700 | 15.5 50 — 1 - 0.47 s
T:Varied [650 | 155 | 1759 [00065 | — | 60 1.03 )
0 : Const 700 | 155 50 | — 4 — 0.47 s
650 | 155 | 1676 |00040 | — | 30 0.99 ’
750 7 1000 | — 3 - 0.39
0.84
T:Varied | 650 | 15.5 | 758 {0031 — | &5 0.45
0': Const 750 7 i0oo| - 5 - 0.39 0.96
650 | 155 971 |0.011 - | s8 0.57
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Photo. 1. Optical microstructure of used tube after 3 years’ service.
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Photo. 2. Reheating influences on optical microstructure of used tube.
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Fig. 4. Microstructural variation of used tube
with reheating.
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Photo. 3. Electron microstructure of used tube after reheating atfl650°C for 3 hours
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5. Influences of resolution heat treatment
during creep test at 650°C under 15.5
kg/ mm? for unused tube.
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Fig. 6. Influences of resolution heat treatment
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Fig. 7. Comparison of creep curves at 650°C
under 15.5kg/mm?2 between arc test
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Fig. 8. Relationship between creep strain and life
fraction of unused tube (&7 : rupture time,
t : time of creep).
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Fig. 9. Relationship between creep strain and life
fraction of used tube (¢ : rupture time,
¢t : time of creep).
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Table 3. Estimation of remaining creep life by the
use of tangential strain on the outside
diameter of tube.

Strain Life fraction
(%) | Consumed | Remaining
l 0.25 0.75

0.4 0.6
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Fig. 10. Estimation of biaxial creep curve of tube
from uniaxial creep curves.
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