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A Study on the Corrosion Fatigue and Cathodic Protection
of the Welded Zone of General Strength Steel

D.H. Jeon, W.N. Kim, K. J. Kim, E.H. Yj

ABSTRACT

The plane bending corrosion fatigue was performed in the air and natural sea water with various conditions

on the welded zone of general strength steel plate joined with submerged arc welding.
The main results obtained from the test are summarized as follows:

1. The welded zone of the steel plate has the highest hardness, the noblest electrode potential and the
lowest impact strength.

2. The cathodic protection of the welded zone was also effective for the plane bending corrosion fatigue,
and the optimum potential of it was -1000 mV SCE.

3. The corrosion fatigue strength under the various stress conditions of the steel plate could be estimated
and the require safety factors on the design could be obtained from the plane bending fatigue limit
diagram.

i 2 e Omin :%d/‘ﬁfd], kg/mm? (Minimum Stress)
om FEIET, kg/mn? (Mean Stress)
R SN = 0uin/0max (Ratio of Stress)
Ceq RHFXE (Carbon Equivalent) o, TIEPIRIE, kg/mm? (Stress Amplitude)
PcM B EBIESZ AL (Composition of Weld Cra- oy BELRHE, kg/mn’ (Yield Strength)

cking Susceptibility) ors . 5|REE, kg/mm? (Tensile Strength)
a LIS TTEPER, BIRRE (Factor of stress Concent - o | BYMAIE /), ke/mm? (Shearing Stress )

ration p DA e HEEE mm(Notch Root Rad-
A D MR (Factor of Rupture) or ¥JREHK jus)

{ Fatigue Notch Factor) t P32 Zo| mm(Notch Length)
TG SIEHRRE (Notch Sensitivity) BM : B# & (Base Metal)
S, [ HE&EHF=ea4/20, (Safety Factor) HAZ : 284 (Heat Affected Zone)

Omax - BRAIMT, kg/mm?* (Maximum Stress) WM [ {BEE (Weld Metal)
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S CRE¥E S Y5, ke/mn? (Repeated Plane
Bending Stress)

Nf B w719 Cycle$t (Number of Cycles
to Fracture)

x TRFEERANM k29l 2], mm(Length
from Fixing Point of Specimen to the
Notch)

£ AR EETAM EhMmAAR 2 A=, mm(L-
ength from Fixing Point of Specimen to the
Stress Point)

Z . MiERE (Modulus of Section)

E 9 % kg/mm® (Young's Modulus)

I DHE 24K 2Ol E (Moment of Inertia of Area)

WWNNA Welded Notched Alternative
Stress Specimen (in the Air)
Welded Notched Pulsative Stress
Specimen (in the Air)

Welded Notched Alternative
Stress No-Protected Specimen
(in the sea water)

Welded Notched Pulsative Stress
No-Protected Specimen (in the
sea water)
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Table 1. Chemical Compositions of the Steel (%)

Kinds of Steel C Si Mn P S Ceq* PcM** Remarks
SM4l BASE [ 0.20 0.3l 0.65 0.04  0.007  0.308 0.242  Speciman
KS SM 41 <0.22 <0.35 9% <0.04 <0.04 <0.38 <0.26
KR RD <v.21 <035 9% <0.050 <0.050 <0.37 <0.26
Weld Metal 0.185 0.32  0.67 0.008 0.0l  0.29 0.217

* Ceq (%) =C+Mn/b, ** peM=C~ Si/30+Mn/20

Table 2. Mechanical Properties of the Steel (207)

Kinds of Steel Yield Poaint Tensile Elongation Impact®
(kg /mm?) Strength (%) Strength Remarks
(kg/mm*) (kg —m)
SM41 BASE 34 46 27 4.45 Specimen
KS SM41 >25 41-52 >19 >4.8
KR RD >24 41-50 >22 >4.8
Weld Metal 39.78 50. 54 3.258

% Charpy Impact Test

Table 3. Welding Conditions (Submerged Arc Welding)

Welding Wire Face Voltage Ampere Speed Heat** Remarks
Impact

- (¢ mm) (V) (A) (em/min) (KJ/em)

AWS-F I"ace 30 400 50 14. 4 DAIDEN GI-BS

71-EH-14 Hack Submerged

UL - 36 Face e 420 55 15 58 Arc Welding

(3.2)

*0.15C - l.52]\1n—0;'325i -0.13P ~0.0155
** Hear Impact = @(}LI* (J/em) (vi Welding Speed, em/min)
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Fig. 2 Schematic Diagram of Plane Bending Tester
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Photo 1. Experimental Equipment of Plane Bending Fatigue Test
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Table 4, Qualities of Sea W ater for the Experiment

Hardness M-Alkalinity Cloride Specific Specific Temp. when
Resistance Weight Water Test
(ppm, CaCOs) (ppm, CaCQy) (ppm, CI7) (& - cm)
4,500 85 16, 800 26.7 1,025 18
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{B) Vickers Hariness and Zlectrode Polential on the Welded Zane
Fig. 3 Mechanical Properties and Electrode Potential

on the Welded Zone of SM41 Steel
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Photo 2. Microstructures on the Welded Zone of SM41 Steel
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(A) Surface (B) Cross Section

Photo 3. Surface & Cross Section of Cracked and Fractured Specimen
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Fig. 6 Comparision of S-Nf Diagram of Pulsative

Stress Fatigue Test
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Fig. 7 Comparision of S-Nf Diagram of Partial Pul-

sative Stress Fatigue Test
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Fig.9 Plane Bending Fatigue Limit Diagram of Welded Zone SM41 Steel
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