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Abstract

Material can be degraded by using it for a long service under the high temperature and pressure

circumtances, Therefore, material degradation can affect the strength of mechanical structures.

At present, the life prediction of the degraded structures is considered as an important technical
problem. In this paper, the degraded 21/4Cr-1Mo steel is the material used for about 10 years

around 400°C in an oil refinery plant. The recovered one was prepared out of the above degraded

steel by heat treatment for one hour at 650°C.

The degradation effect was investigated

through the tension test, Hardness test and Charpy impact test. On the smooth surface material,
the fatigue crack initiation, growth and coalescence stages of the distributed small cracks were
investigated with photographs, and the crack length and density were measured. The measuring

results were analyzed by quantative and statistical methods.
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Table 1 Chemical composition of 2 1/4Cr-1Mo steel w(%)
C Si Mn P S Ni Cr Cu |Mo Al| As Sn Sb
.16 .29 .55 .014 .010 17 2.40 .20 1.04 | £.005] .30 .027 | .0041
Table 2 Mechanical properties of 2 1/4 Cr-1Mo steel
Matenial Yildstrength Tensile strength Elongation Reduction of area
Degraded steel 43.8(Kgf/mm?) 63.8 (Kgf/mm?) 28.0(%) 68.6(%)
Recovered steel 43.9(Kgf/mm?) 63.5(Kgf/mm?) 28.1(%) 68.6(%)
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Fig. 1 Specimen’s fracture surface shape after Char-

py impact test
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Fig. 5 Initiation, growth, interaction and coalscence of many micro-fatigue-cracks distribution on
the smooth surface of the degraded material(Cr-Mo,R=0.05, gpar=54kg,/mm?)
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(b) N=5.5x10*, N/N;=0.66
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Fig. 6 [Initiation, growth, interaction and coalscence a stage of many distributed small crack on the
smooth surface to the recovered materials (Cr-Mo, R=0.05, 0Omax=54kg,/mm?)
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Fig. 7 Increment of crack density against the cycle
ratio to the degraded material
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[Fig. 8 Increment of crack density against the cycle
ratio to the recovered material
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Fig. 9 Increment of mean crack length against the
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Fig. 10 Increment of mean crack length against the
cycle ratio in the degraded material
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Table 3 The value of m(Shape parameter) subjected to fracture life ratio for the degraded

and recovered steel

Omax=54Kg;/mm? Onax=50Kg:/mm? Omax=44Kg,;/mm?

Recovered Degraded Recovered Degraded Recovered Degraded

material material material material material material
N/Nf m N/Nf m N/Nf m N/Nf m N/Nf m N/Nf m
0.95 0.54 0.95 0.54 0.96 0.61 0.97 0.41 0.94 0.68 0.93 0.7
0.83 0.57 0.86 0.66 0.80 0.77 0.85 0.54 0.81 0.86 0.84 0.89
0.66 0.72 0.68 0.92 0.66 0.86 0.67 0.63 0.67 1.16 0.69 1.27
(.48 0.73 0.51 1.22 0.55 0.91 0.55 0.7 0.54 1.2 0.51 1.07
0.24 0.93 0.44 1.26 0.33 1.47 0.36 0.86 0.40 1.32 0.40 1.54
0.22 1.53 0.22 3.1 0.24 1.42 0.27 2.29 0.25 1.85

(scale parameter) olct, o7lola] FHAAS mel
@2 A el wel ¥ ofo] R E 9 1Y 9}
JERZEA T 4 Utk £ ATdAE olF
Asel ZAE AT solBHEAol WY AFe
zzazgdedA AAASF rE H3AA 7t 2
Wit A F7¢4E stn ARAFIE A}
HE m, a r& AAsAch

sto]E-RZollA ZgHay Wa gkgodnd
w}-2 3 AL A 4-m (shape par ameter) ] 3t& Table
3ol velliglel, = A3} Table3o 4 3444 m
o] e 1 AF g Holy, scismv]e Fot
o} tEo] Fradte AEFE ¥k & sy
Z7)o= m>19 g& 7HA 1, sihae] W
€ m<19 g A

Fig. 133} Fig. 1404 <4-=ju]7l N/N,=0.83,
N/N;=0.67%20l 4] Qd&Ale} 38 25 Lo
FE5E $F522 o|Fde AT e, 1 A
o]7} At FA Jehdm, 3EAE ok
v]sle] zpolzb A Epuhw] 4odu]e] 27lof F
g Aol E HAwrt #3ule wrlz ZA4E A
ol7} Aol e AL Bk, FHdA] +x9 ¥
Ae 80 T35 WA 12sn Y

.28 &

= dsd aAE AEEAA 2 1/4Cr-1Mo7}
o d3EAE dolry] H3 AAHAUPA FA4AY
o P H2AYE sl or 2 AY oM
4 Fdo WA, AA, 24 9 giele] oz =
AA4-¢ Az s FASE A48 & Adde
o535 e

(1) 49 (Charpy) £4 AelA Hol2x & A

29 Aol wet meRez ol5en A4uFA
AQY ki Bl 3 %A} AT &
A 9E FUL o] F3 A YA o]
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