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Corrosion Fatigue Crack Growth Characteristics of a 50 kgf/mm? TMCP

Steel in Synthetic Sea Water

Synopsis :

Kenjiro KoMAI and Hideki OKAMOTO

The corrosion fatigue (CF) crack growth rate of a 50 kgf/mm? TMCP steel has been measured in ASTM

synthetic sea water.

The CF crack growth rate in synthetic sea water both at free corrosion and under a
cathodic potential is smaller than that in air under a low AK level at R=0.1.

The crack growth under a

cathodic potential is proceeded by fatigue mechanism at a low AK level, while at a high AK level it is
. accelerated by hydrogen embrittlment. The CF crack growth characteristics under a cathodic potential can
not be explained in terms of AK .y, since Ca and Mg deposits-induced wedge effect enlarges region Il in
load-strain hysteresis loops. A modified stress intensity factor range, AK.,,,, deduced from the load
range shared by regions I and Il is useful to explain the influence of cathodic potential on crack growth
rate. . When severe corrosive dissolution occurs at free corrosion potential, the crack growth characteris-

~ tics can be uniquely explained in terms of effective crack growth rate considering the crack closure (da/dt) off

and AK,,,,.
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Table 2. Mechanical properties of test materials.

oy (MPa) op (MPa) 8(%)
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Table 3. Chemical composition of synthetic sea
water in 10L (g).

NaCl 245.34 NaHCO3 2.01
MgClz-6H20 111.11 KBr 1.01
NapSO4(anhydrous) 40.94 SrCly6H20 0.42
CaCly(anhydrous) 11.58 H3BO3 0.27
KCl 6.95 NaF 0.03
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Fig. 2. Relation between crack growth rate da/dN
and stress intensity factor range AK.
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Fig. 3. Relation between crack opening stress in-
tensity factor K,, and maximum stress intensity
factor K,,,,.
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Fig. 4. Relation between crack growth rate da/dN
and effective stress intensity factor range AK, .
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Fig. 5. Load-strain hysteresis loops.
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Fig. 6. Relation between crack growth rate da/dN
and modified stress intensity factor range AK,,,,;.
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Photo. 2. SEM-photograph of fracture surface
(E=E., R=0.8, f=0.17 Hz, AK=6 MPa *+ m*'?).
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(a) AK=20MPa - m"%2  (b) AK=40 MPa - m"?
Photo. 3. SEM-photographs of fracture surface
(E=—1.0 V vs. SCE, R=0.1, f=0.17 Hz).

E=—10V ps. SCE, R=08, f=0.17Hz, AK=6MPa  m'/?
Photo. 4. SEM-photograph of fracture surface.
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