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A Study on the Corrosion Fatigue and Cathodic Protection of the Weided
Zone between High Tensile Strength Steel and General Strength

Steel used for the Shipbuilding

D.H. Jeon - W.N. Kim -K.J. Kim - E. H. Yi

Abstract

The plane bending corrosion fatigue test was performed on the welded zone between SM58

steel plate and SM41 steel plate jointed with submerged arc welding in the air and in the

natural sea water with various conditions

The main results obtained from the test are summarized as follows:

1) The welded zone of the steel plates has the lowest impact strength and the highest
electrode potential, but the hardness was mediate of SMG58 base and SM41 base.

2) The cathodic protection of the welded zone was also effective for the plane bending
corrosion fatigue, and the optimum protection potential of the welded zone was
—1,000mV SCE.

3) The corrosion fatigue strength under the various stress conditions of the steel nlate

could be estimated and also the require safety factors on the design could be obtained
from the plane bending fatigue limit diagram.

Nomencrature (23528 B7) Fatigue Notch Factor(¥J X {HRE)

n i Notch Sensitivity(fE )

C., :Carbon Equivalent(S#EEE) Sy :Safety Factor(R&H)=ors/20,
P.,, :Composition of Weld Cracking Sus- Omas  Maximum Stress(f KHEF), kg/mm?
ceptibility (%% B 2U& 2 MM ) Gmin » Minimum Stress(H 4 fEJ1), kg/mm?

o : Factor of Stress Concentration(/# on : Mean StressCF#HE J), kg/mm?

MR, HIREED R :Ratio of Stress(BEFI)=0min/Tmes

B : Factor of Rupture (WGZS7{R%) or o, Stress Amplitude(fE H#E1E), kg/mm?
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: Fatigue Limit(JEF% B &), kg/mm?

: Yield Strength(f# {58 %), kg/mm?

: Tensile Strength(3[3EiE), kg/mm?
: Shearing Stress(BYBTRE /1), kg/mm?
: Notch Root Radius(xzx] F¢E iz

F), mm

: Notch Length(=3] #le]), mm
: Base Metal(FF#450)
: Heat Affected Zone(# g #E)

: Weld Metal(JA%E )
: Number of Cycles to Fracture (#fi#

=) 743 &) cycle$0)

: Repeated Plane Bending Stress(Z1H

¥ =¥ EJ), kg/mm?

: Length to the Notch from Fixed

Point of Specimen(G B A =
2742 8] Ae]), mm

: Length to the Stress Point from
Fixed Point of Specimen(E Fr & s
oA FELHIMEZLA 8] A=), mm
: Modulus of Section(F7i fRH#D

: Young’s Modulus(ed #), kg/mm?
: Thickness of Specimen(ZE K F ),

mm

: Moment of Inertia of Area(Eim 2

‘,( _‘j_m E)

LE B

o FBERBERAM] M ol

AR S = Ml KEE Bl wiel
TR B MR Mo B @ikt
o] Hihel A 50kg/mm*Kke) BEHMMHMIL BR
JA##A <)

v 3
A _21:!1' s

THE BB E MES FEHA
oEES QAR |pE I ¢ich D

Brpgiol

RO = e psh 9

utel s BIEIEME

EmmeE,

%3]

40

47

RE 3}

F=¢ld
glor, K
2 BAMPEFERA A EHEE A
B RERl Al (R SAB% )
o o A== K#rtze ogt

SHR

WWNNA Specimen : Welded Notched Al-
ternative Stress Specimen(in the air)

WWNNP Specimen : Welded Notched Pul-
sative Stress Specimen(in the air)

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

WWNNPOP Specimen : Welded Notched
Pulsative Stress No-Protected Spec-
imen(in the sea water)

WWNNACP Specimen : Welded Notched
Alternative Stress Cathodic Protected
Specimen(in the sea water)

WWNNPCP Specimen : Welded Notched
Pulsative Stress Cathodic Protected
Specimen(in the sea water)

WWNNPP : Welded Notched Partial Pulsa-
tive Stress Specimen(in the air)

WWNNPPOP Specimen : Welded Notched
Partial Pulsative Stress No-Protected
Specimen(in the sea water)

WWNNPPCP Specimen : Welded Notched
Partial Pulsative Stress Cathodic Pro-
tected Specimen(in the sea water)
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Table 1. Chemical Compositions of Steel (%)

kinds of Steel C S; My, i P S Ceg- * i Peu** Remarks

SM 58 BM 0.17 0.28£ 1.22? 0.011! 0.008! 0.373‘ 0.240§ Specimen

KS SM 58 <0.18 (0.55\ <1.50{ 0. 04[ 0. 04\' <0.44 <0.273‘

KR RA45-RE46 \ <0.18 <0.03 O.9~1.62 <0.0—1; {0.04 <0.45 s £0.261 Killed Steel

SM41 BM 0.202‘ 0.31‘ 0.65 0.04 0.007 0.308? 0.242 Specimen

KS SM41 <0. 22! <0.35 0.6-1.2 <0.040 <0. 040 <0.38 <0.26

KR RD <0.21 <O.85‘ 0.6—1.40[‘ <0. 030 <0. 050 0. 37; <0. 251

Weld Metal ’ 0.16(;‘ 0.31J 1100 0.015  0.008  0.243 0.228 SM35-SMal

#Ceq. (%)=C+ M,/6,

*¥Pcpr=C+S;/30+Ma/20
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Table 2. Mechanical propertes of steels (20°C)

: Yield Point Tensile Strength| Elongation Impact* Strength
Kinds of Steel (kg/mm?) (kg/mm?) (%) (kg-m) Remarks
|
SM58 BM ‘ 55.18 68.55 27.1 4.95 Specimen
KS SM58 | 547 58-73 {19 >4.8
KR RA46-RE46 >46 60-72 216 >4.8 Quenching & Tempering
|
SM 41 BM 29.5 / 42.7 27.6 4.5 Specimen
KS SM 41 25 41-52 {19 >4.8
KR RD(D y24 41-50 $22 4.8
Weld Metal | 1829 | 58.65 | 18| 4 | sM s8-sma1
*Charpy Impact Test.
Table 3. Welding Condition (Submerged Arc Welding)
Welding Rod Heat®*
Wire Face ! Voét\'}a)ge Am(;;{a)re (?fxf/exiin) Impact } Remarks
(¢ : mm) | (kj/em)
. Face 30-32 425-450 50 17.28 } DAIDEN GI-BS
AW S-F-EH-UL 36 Submerged Arc
(3.2) Back Face 32 525 55 18.327 Welder

*0.15C—1.52M,—0.52 §;—0.013 P—0.015 S
" El
** Heat Impact= 6OV (J/ecm)

(V:$AH 4%, cm/min.)

P
170 J R=40

Fig.1. Dimensions of Test Specimen (Unit:mm)
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Photo 2. Plane Bending Fatigue Tester.
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Table 4. Qualities of Sea Water for the Experiment

Hardness | M Alkalinit Chloride Specific Specific Temp. y\'hen
(ppm CaCO2) | (ppm CaCOn | C(ppm CIO) Re(sgfac‘]‘gg { Weight Wa(tfé)’““
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Table 5. Safety Factors(S;=ors/2¢,) of SM58-SM41 Welded Parts.

Protection
Potential, mV SCE

Alternative Stress
(Fatigue Limit, kg/mm?)

(Fatigue Limit, kg/mm”\

Partial Pulsative Stress at
Fixed Load 10kg/mm?
(Fatigue Limit.kg/mm?)

Pulsative Stress \

—625(No Protection) 4.073(14.4)

4.95(12.78) €.52 (2.0
3.05(14. 85 -

5.01(11.7)

—so0(Gattot 54501589
—1, 605(Cathodic 2.77(21.2)
Protection)
el &4 2 BEAL - BFAMRIE Tl A BB o)
BEE S & RAeER o)
o BEAREASERLERIEIZY Forshe AR R

B rlel o Mol BrEEe ey
7} 58.65kg/mm?ie| L 1 42 -2 Table 59}
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Fig 9. Plane Bending Fatigue Limit Diagram of Welded Zone of SM58 and SN41 Steel Plate.
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