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The Effects of 3.5% NaCl Solution on the Corrosion Fatigue
Crack Propagation Characteristics of SS41 Steel

Sae-Wook Oh, Jae-Chul Kim and Young-Soo Choi

Key Words: Corrosion Fatigue(#45%45), Crack Propagation(it<d {##%), Crack Closure(#d =3),
Effective Stress Intensity Factor Range, 4K, (%) EENIEAHRE 1E), Base Metal(FF
), Weld Metal(B5#:58), Loading Frequency (fif & & # %)

Abstrecat

The corrosion fatigue crack propagation characteristics of SS41 steel in 3.5% NaCl solution have
been evaluated for loading frequencies of 1Hz and 0.2Hz. A sine wave loading profile was used for
fatigue testing. Each test was carried out at a constant stress ratio, R(0.1).

The main results are summarized as follows ;

1. Fatigue crack propagation rate was higher in 3.5% NaCl solution than in air, higher in the base
metal than in the weld metal, and higher at f=0.2Hz than at f=1Hz.

2. The crack closure level of the base metal was not influenced by cyclic frequencies, but that of
the weld metal was much influenced.

3. When the crack closure effect was eliminated in the evaluation of crack propagation characte-
ristics by using 4K,sr, the environmental influence was distinctly observed. At the base metal, crack
propagation rate was enhanced by the hydrogen embrittlement, and the weld metal was reduced by the
crack closure.

4. There was clearly observed hydrogen embrittlement and severely corroded aspect at fracture
surface of lower frequency than that of higher frequency, and at thatZof the base metal than that of
the weld metal.
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Table 1. Chemical compositions of base metal and welding rod (wt. %)

\ Element
Classifica- — C Si Mn P S Cu
tion T
Base metal 0.14 0.25 0.55 0.014 0.007 0.10
welding rod 0.08 0.02 0.50 — — -—
(¢4.8 wire)
Table 2 Mechanical properties of base metal and weld metal
T Properties Tensile Elorigétion Yield Young’s Hardness
i strength strength modulus v
Classifica- (MPa) (%) (MP3) | (GPa) (2002
Base metal 420.8 35 269. 206 189.63 145
weld metal 444.8 30 298.116 122.06 —_
Table 3 Welding condition
: Pass Plate
. Welding rod Voltage Current Speed Layers .
Section type T : temperature thickness
condition D] (4  (mm/min) %) (mm)
300°C 1st:36 600 45
1hr 2 pass 100 14.5
dry 2nd: 37 650 40
Table 4 Composition of flux
Composition Al;03+ MnO CaF. Ca0 +MgO Si0, + Ti0,
Wt. (%) 40 20 30 5
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(a) Portion of the corrosion fatigue
crack tip (f=1Hz)

(b) Ahead of the corrosion fatigue
crack tip (fatigue fractured in
room-temperature air)

Photo.2 SEM fractographs of the corrosion fatigue test of a base metal conducted in 3.52% NaCl
solution (4K =33MPa-m!/2, arrows indicate the direction of crack propagation)

(a) Portion of the corrosion fatigue
crack tip (f=0.2Hz)

(b) Ahead of the corrosion fatigue
crack tip (fatigue fractured in
room-temperature air)

Photo.3 SEM fractographs of the corrosion fatigue test of a base metal conducted in 3.5%fNaCl
solution(4K =3.3MPa.m!/2, arrows indicate the direction of crack propagation)
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(a) Portioa of the corrosion fatigue crack
tip (f=1Hz)

(b) Ahead of the corrosion fatigue crack
tip (fatigue fractured in room-temp-
erature air)

Photo.5 SEM fractographs of the corrosion fatigue test of a weld metal conducted in 3.5% NaCl
solution (4K =33MPa-m!/2, arrows indicate the direction of crack propagation)

(a) Portion of the corrosion fatigue crack
tip (f=0.2Hz)

(b) Ahead of the corrosion fatigue crack
tip (fatigue fractured in room~tem-

perature air)

Photo.6 SEM fractographs of the corrosion fatigue test of a weld metal conducted in 3.5% NaCl
solution (4K =33MPa.m/2, arrows indicate the direction of crack propagation)

—BEEARCDE BIBED F CTRAS
BfEsted 3.5% NaCl AiHiol 4 RUEBHRE 5
A M} BERS WEAKE 1Hz;, 0.2H %
REDLG 0.18) EWHE shel, 2 BEAES T ME
Bisl PETS WRNOZ BRL MRE oo
et

D EHTY MR do/dNS KEol A 2k
3.5% NaCl Aifieol A wh2e], JSERRE R4
o A4 Fe WEAEMY +5 @HEK o
2.

2) R 3.5% Nacl Kol o o 24 ool
WERBB ot A 2B uA god, &
B Aol e BUEY 2B viedn, 1Hze] A

$oF g el ZA vebde.

3) TAHBHEES ¥429] BEEE ALY F
REFEAREIB dKepr 2 VepE o], 3.5% NaCl
REWA A TAEBE MBE 3993 BEY 57
At BEES T EBEEs, BHY ASe K
etk 23 o 9 Fshe, BREL] ASdE=
T e 2|3t B ¢ &%)

4) e SEM BIE#ERe, BEREcs 4
ol A, o JIF#EY 8 AFEEMES BaY B
EX=n

-

2 # X M

1) Booth, G.S. and I.G. Wylde,

sideration in Offshore Steel Structures in the

“Fatigue Con-

— 117 —



118

2)

3

)

5

6)

()]

)

)

10)

North Sea”, The Welding Institute Research
Bulletin, Vol. 19, No. 3, pp.69—72, 1978
Jaske, C.E., J.H. Payer, and V.S. Balint,
“Corrosion Fatigue of Metals in Marine Enviro-
nments”, 1st ed., Springer-Verlag, Heidelberg,
1981

Jaske, C.E., D. Broek,
W.E. Anderson,
Steels in Seawater
ASTM STP 642,

J.E. Stater, and
“Corrosion Fatigue of Stru-
and for Offshore

pp.19—47,

ctural
Applications”,
1978

Scott, P.M., “Effects of Environment in Crack
Propagation”, Development in Fracture Mecha~
nics-1, Applied Science Publisher LTD., Lon-
don, pp. 222—253, 1979

Hicks, J.G., “Material and Structural Pro-
blems in Offshore Installation”, Proceedings,
Conference on Welding in Offshore Construc-

tions, 1974

Marshall, P,W., “Problems in Long-Life Fa-
tigue Assessment for Fixed Offshore Struc-
tures”, Preprint 2638, ASCE National Water
Resources and Ocean Engineering Conference,
1976

Tomkins, B. and P.M. Scott, “Environment-
Sensitive  Fracture : Design Considerations”,

Metals Technology, Vol.9, pp.240-—248, 1982
Johnson, R., I. Bretherton, B. Tomkins,
P.M. Scott and D.R.U. “The E-

ffect of Seawater Corrosion in Fatigue Crack

Silvester,

Propagation in Structural Steels”, in European
Offshore Steel Research, Vol. 1, 1978
Oh, S.W., K.J. Ahn and T.J. Lee, “J,.
Evaluation of Smooth and Side-grooved CT Spe-
cimens in Submerged Arc-welded SB41”, J. of
KWS, Vol.4, No.1, pp.47—57, 1986

Oh, S.W., J.C. Kim and S.W. Lee, “Fa-

tigue Crack Propagation Characteristics in
Smooth and Side-Grooved Specimens of Sub-
merged~Arc Welded SB41 Steel (at Room Tem-
perature in Air)”, The Institute of Korean
Resources Development, College of Engineering
Dong-A Univ., Vol.10, No.2, pp.17—23,

1986

11)

12)

13)

14)

15)

16)

17

18)

19)

20)

— 118 —

R - &L - 28F

Maddox, S.J., “A Fracture Mechanics Analy-
sis of Fatigue Crack in Fillet Welded Joints”,

Int. J. Fracture, Vol.11, No.2, pp.221-243,
1975
Kikukawa, M., M. Jono K. Tanaka, and

M. Takatani, “Measurement of Fatigue Crack
Propagation and Crack Closure at Low Stress
Intensity Level by Unloading Elastic Compliance
Method”, J. of S.M.S., Vol. 25, No. 276,
pp. 899—903, 1976

ASTM E647-83, “Standard Test Method for
Constant-Load-Amplitude Fatigue Crack Growth
Rates Above 107® m/cycle”, ASTM Annual
Standards, Vol.03.01, pp.710—730, 1983
Paris, P.C., R.]. and C.D. Little,
“Fatigue Crack Propagation of D6AC Steel in
Air and Distilled Water”, ASTM STP 513,
pp.196—217, 1972
Wei, R.P., “On
hanced Fatigue Crack Growth-A Fundamental

Bucci

Unloading Environment-En-

Approach”, ASTM STP 675 pp. 816—840,
1976

McEvily, A.J. and R.P. Wei, “Fracture
Mechanics and Corrosion Fatigue: Chemistry,

Mechanics and Microstructure™, National Asso-

ciation of Corrosion Engineers, Houston, pp.
381—395, 1973
Komai, K., S. Kita and K. Endo, “Corro-

sion Fatigue Crack Growth of a High Tension
Steel in NaCl Solution”, Bulletin of JSME,
Vol. 27,No. 227, pp. 847—853, 1984
Vosikovsky, 0., “Fatigue-Crack Growth in an
X-65 Line Pipe Steel at Low Cyclic Frequ-
encies in Aqueous Environments”, Jour. of
Engrg. Mat. and Tech., pp.298—304, 1975
Hinton, B.R.W. and R.P.M. Procter, “The
Effect of Cathodic Protection and Over Protec-
tion on the Tensile Ductility and Corrosion Fa-
tigue Behavior of X-65 Pipe Line Steel”, Hy-
drogen Effects in Metals, The Metallurgical
Society of AIME, pp.1005—1015, 1981
Marcus, H.L., “Environment Effect J : Fa-
tigue-Crack Growth in Metals and Alloys”,
Fatigue and Microstructure, ASM, pp.365—383,
1979



SS41S] BRAMES Td B vl X 3.5 NaCl k& B8 119

21) Wei, R.P. and J.E. Landes, “Correlation Be-

22) Wei, R.P. and G. Shim,

tween Sustained-Load and Fatigue

Crack

Growth in High Strength Steels”, Material 24)
Research and Standards, MTRSA, 9, No.

1969

and Corrosion Fatigue”, ASTM STP 801,
5—25, 1984
23) Komai, K., “Corrosion-Fatigue Crack Growth

7,

“Fracture Mechanics

pp. 25)

Retardation and Enhancement in Structural
Steels”, JSMS, MRS 1,pp. 235253, 1985
Wilson, A.D., “Corrosion Fatigue Crack Pro-
pagation Behavior of a C-Mn-Cb Steel”, Jour.
of Engrg. Mat. and ’fech., Vol. 105, pp.233
—241, 1984

Elber, W., “The Significance of Fatigue Crack
Closure”, ASTM STP 486, pp.230—242, 1971

SN TN N T L L Lt (TN LN L e i e i 1 1 Y e

’

)}

NPT

Sy

A I s DMLt ]

(LA S Nl

-

T

AN s

4

®EE AT ERO

}

{

FEBE AYE DAl RS Sk ANW BEirLe] AMEI fied ¢
|

FUBE By FHHOZ BAS FEge Bl JH mUATE @5 !
8 =3ek §
¢

AT A WihE MEeld I ]
R ?

2 YT TEE 840 3

WA S TH KB ;

A

ok (051) 205-2325 ;

O L T T L a0 a3 a3 s 3 a1 a1 a3 L N

— 119 —



