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Assessment of Degradation by Corrosion Fatigue of TMCP Steel
using a Backward Radiated Ultrasound
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Abstract Material degradation due to corrosion fatigue was evaluated nondestructively using backward
radiated Rayleigh surface wave. A corrosion fatigue test was carried out for the specimens made of
thermo-mechanically controlled process steel in 3.5 wt.% NaCl solution at 250C. The backward radiation profile,
which is the amplitude variation of backward radiated ultrasound according to the incident angle, of the
specimens were measured in water at room temperature after the corrosion fatigue test. The velocity of Rayleigh
surface wave, determined from the incident angle at which the profile of the backward radiated ultrasound
became maximum, decreased for the specimen that had the large number of cycles to failure in the corrosion
fatigue test. This fact implies that the corrosion degradation occurred at specimen surface in this specific test is
dominantly dependant on the time exposed to corrosion environment. The result observed in the present work
demonstrates the high potential of backward radiated Rayleigh surface wave as a tool for nondestructive
evaluation of corrosion degradation of aged materials.
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Fig. 1 Schematic representation of leaky surface

wave and Rayleigh Surface wave
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Fig. 2 Schematic diagrams of the backscattered
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Chemical composition and mechanical
properties of TMCP steel

Table 1

Elements C | Mn| Si P S Cu | Ni

Composition{%}| 0.1 | 1.49}0.25)0.014| 0.001 | 0.024 ) 0.25

Yield Strength Young's Modulus Elongation
(MPa) (GPa) (%)
519 228 34.2

Table 2 Corrosion fatigue test conditions for
notched specimen

Conditions Contents
Loading
condition Load frequency 1Hz
) Temperature Room temperature
Environment
conditions Solution 35 vvt.@ NaCl
solution

Table 3 The loading condition and number of
cycles to failure for the specimens

Speimen| Pmax | Puin | AP N; Tcor
B ] (vPa) | (MPa) | (MPa) (hr)
A 222 | 22 | 2000 | 37438 | 104
B 1971 | 197 | 1774 | 62482 | 174
c 1722 | 172 | 1550 | 122553 | 340
D 1478 | 148 | 1330 | 252350 | 70.1
E 1233 | 123 | 1110 | 262900 | 730
F 986 99 | 87 |598432| 1662
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Fig. 4 Corrosion cell and corrosion fatigue tester
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Fig. 5 RF waveforms obtained with the incident angle of (@) 27.6°, (0)28.0°, (¢) 28.4° and (d) 28.8°
at specimen C
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Fig. 6 Backward radiated surface wave profiles for
the fatigue corrosion specimens

3,200 | ‘ T
|

I
£
E 35150 ——] -—
g
o
= ™ ()
= 3,100 —— —
2
<
3 o
T 3,050 = —
ks ® N
> \
=
(&3
g 3.000
[
>
2,950 —— - — B o
1.E404 1.E+06 1.E+06
TCor(s)

Fig 7. Relationship between wave velocity and the
period under corrosion
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