st X2 &d & 3 =& & Journal of the Society of Naval Architects of Korea
Ha442A H4E 20074 8 & Vol. 44, No. 4, pp. 417-424, August 2007
-8d3s RAIZTE 2M-H HIMY &t 37
2T, WHIT, ke &

SO MMIEHPAT
Sy InUs ZdHLIEn
LHObALD] Setastiie D138

Research for the Evaluation of Corrosion Fatigue Crack Initiation Life
Won Beom Kim'™, Jeom Kee Paik™ and Hiroshi Yajima*™*
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Abstract

With regard to corrosion fatigue crack initiation life (Nc), it has been treated ambiguously
for the member which doesn't have stress concentration area. In this research, in order to
clarify the corrosion fatigue crack initiation life (Nc), corrosion fatigue tests were carried out.
Reasonable and universal corrosion fatigue crack initiation life (Nc) was defined and
corrosion fatigue crack initiation/propagation model was suggested also. As the fatigue
crack which emanates from the pit is usually small, accordingly it is treated as a small
crack. In addition, the observation of the corrosion fatigue fracture surfaces using SEM
was conducted. And the fracture mechanics analysis using an intrinsic crack model was
conducted for the treatment of the small crack. Finally, the followings were obtained. When
there is no clear stress concentration point which seems to fall into a corrosion fatigue
crack initiation life, the significance of the definition and suggestion of the moment of the
reasonable and universal corrosion fatigue crack initiation life (Nc), at which the fatigue
crack propagation rate becomes faster than the corrosion pit growth rate so that the
fatigue crack initiates from the pit and propagates in earnest, has been clarified.

¥ Keywords: Corrosion fatigue(S A T 2), Corrosion fatigue crack initiation life(RA T 22 S &4
9), Small crack(0lAZ ), Fracture mechanics(It 1 2 &t), Intrinsic crack(n S X)
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Fig. 2 Concept of intrinsic crack length ag
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(a) at plane body (b} at cracked body
Fig. 3 Concept of intrinsic crack length ao at
plane body and at cracked body

Table 1 Chemical composition of 13 Cr
stainless steel used
C Si Mn P S Ni Cr | Mo

0.13] 0.32| 0.51 |0.024{0.002| 0.55 [11.99 0.36

Table 2 Mechanical properties of 13 Cr
stainless steel used

Yield Stress | Tensile Stress | Hongation | Hardness | Reduction
{kgfimm?) | " (kgfimm?) (%) {Hv) | of Area (%)
61.6 754 238 68.7 223
dBNSE S0IBLE XNFY 2F - WA, Al
S IS ODIHHE FAEETSDIFE(SEM)L
2 PESO 2 H79 SHYNS 98 R8s

88 2= At
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Fig. 4 Shape of corrosion fatigue crack
initiation test specimen
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Fig. 5 Corrosion fatigue crack initiation test
apparatus
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Table 3 Conditions of corrosion fatigue crack
initiation test

Maximum load 4.0 tonf
Stress ratio 0.1
Test frequency 1.7 Hz
Temperature 60 °C
, Artificial seawater
Environment (ASTM D1141)
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Fig. 7 Fracture surface of No.2 specimen
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Table 4 Results of corrosion fatigue crack
{nitiation tests

Specimen No. 1 2
Stress range
Ao (kgﬂnmz) 34.3 31.3
Cycles of fracture life 8.35 x 105 | 2.44 x 10°
Nf (cycles)

Site of fatigue crack Corrosion pit

initiation
Sizes of corrosion pit] 3| 0.120 0.315
(mm) c| o0.400 0.225
Sizes of beachmark | 2 - 0.665
(mm) c — 0.570
Crack length of a 6.5 5.0
final fracture (mm) | ¢ 6.8 5.3

a: Depth of corrosion pit or fatigue crack
2c: Diameter of corrosion pit or length of
corrosion fatigue crack
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Table 5 Constant of fatigue crack propagation
rate of material used
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Fig. 8 Results of evaluation for the critical
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Fig. 9 Comparison between measured and
estimated results for corrosion fatigue crack
propagation
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