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An Experimental Study on Corrosion Fatigue Strength of TMCP Steel
in Consideration of NaCl Salinity
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Abstract

Fatigue strength of offshore structures or ship structures is significantly decreased due to
corrosive environment condition such as sea water and/or coal, crude oil of cargoes,
compared to that of on shore structures. In corrosive environment, fatigue strength of
structures also depends on characteristics of weld material heat affected zone(HAZ).

in this research work, rotary bending fatigue tests of parent material and HAZ of TMCP
steel were performed in order to investigate the initiation and propagation of cracks both in
air and in NaCl solution. Comparison of fatigue sirength in relation with the salinity of NaCl
were carried out as well. According to the test results weld material or HAZ of TMCP steel
showed higher fatigue strength than that of the parent material. The fatigue strength of
TMCP steel decreases drastically in NaCl solution compared to that of in air environment. In
particular, more reduced fatigue strength is observed in 1% NaCl solution than in 3% NaCl
solution.

s Keywords: Corrosive environment(S4A182), Corrosion fatigue(RAITZ), TMCP steel(TMCP
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2.1 &M & ANEHE
=2 AEM AEBE 2= SM 20mmel AH32
TMCPZ2Z FEEE2 Table 10 LIEHARUL,
JIHE SA2 Table 20 LIEHHRUCE Fig. 10Il=
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Table 1 Chemical composition of base
metal(wt. %)

Cl S [Mn| P S Nb | V
0.15]0.25]1.03]0.02| 0.004 | 0.01 | 0.002

Table 2 Mechanical properties of base metal

| Y.P.(MPa) | T.S.(MPa) | EL.(%)
| 3% 532 28

(magnification x50)
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Fig. 2 Schematic diagram and dimension of
fatigue test specimen

Rolling direction
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Fig. 3 Schematic diagram of weld panel

Table 3 Welding Parameters

Pass| Current | Voltage | Speed ::\f)itt
No. | (A) (V) | (em/min) (kJ/om)

i 200 27 14 23

2| 260 | 31 | =22 22

3 290 32 23 24

4 290 32 19 28

4) 290 32 20 29

6 290 32 30 19

7 2390 32 32 L 17@

2.2 HEXIA YU gy

2 A0 Algst AEAIe 2%=A(0no
type) BXZE LZAIEII0IH, LIZAEIIQ &
AXIZ USOEICHL TDZAIEII=E 20 282
HE 10 kof-m0l1l SHEEAIS 48 ZE 2420
Ch 3EE=E= HA 10 ripmSE 2 3400 rpm
HA WOIM ZHOI JtsdteE MOHERE &X

=
SARKRE BASKY HRATI} YOH
& L pH2 RS BF, THE £ AN 20
B UL SAEXES AIBEO OB ogimel 5
Al HEFE HiMISH| RASHH O3S 01610
2AIX(corrosion chambern)E& PHE0 AIEMO
HEJAC, T 2AAES ) BY MNEESY

Hol =HAZE LUF10 ULH
ol 308 HZ ZEE 1UdGiN, S
aClS ZOKSIH 212F 1%, 3% Alg-g8%H
SAIEMO| pHE ME2l 2440 &2
6~7= S|AOIUCL P=EEZE UIIS0H

800rpm 2l RAEAFAUME 240rpm<
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261 CZ RAAIRL, REIE BES 0|&0H(H
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500 Inair  Log(Sa)=2.84001-0.07314Log(N)
3% NaCl Log(Sa)=3.76515-0.27214Log(N)
400 1% NaCl Log(Sa)=3.54059.0.23947Log(Nf)
= D
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Fig. 5 Effect of the change of salinity on
S-N Curve of base metal

500 In air  Log(Sa)=3.17234-0.11705Log(Nf)
3% NaCl Log(Sa)=4.20675-0.32076L.og(Nf)
= 400 1% NaCl Log(Sa)=4.24902-0.35411Log(Nf)
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Fig. 6 Effect of the change of salinity on S-N
Curve of HAZ
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Fig. 7 Effect of the change of salinity on S—-N
Curve of TMCP steel
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Table 4 Regression analysis

Regression analysis
Condition
N=C(A9)™
air N=7.12x10%(AS) %4
HAZ | 3% Ni=1.08x10"3(AS) 3%
1% Ni=7.34x10"(AS) 277
air Ne=6.80x 10°%(AS) 2%
Base| 3% N=5.79%10'3(AS) 38
1% Ni=3.07x10'4(AS) %
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Fig. 8 Behavior of fatigue crack growth in
1% NaCl solution, Sa= 173MPa
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Fig. 9 Behavior of corrosive surface pit at
Sa = 266 MPa
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Fig. 10 Behavior of corrosive surface pit at
Sa = 115 MPa
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Sig. 11 Behavior of fatigue crack in 1%
NaCl solution, Sa=266MPa

1%NaCl,N=1,241,100 3%NaCl,N=1,548,600

Fig. 12 Behavior of fatigue crack in 1%
NaCl solution, Sa=115MPa

Fig. 14 Macroscopic of fatigue fracture at

base metal, Sa = 115MPa
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