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The Study on Corrosion Fatigue and Cathodic Protection of the Steel
Plates Used for the Shipbuilding

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

Abstract

The plane bending corrosion fatigue test for the welded metal parts was performed in
the air and in the natural sea water with and without applying cathodic protection. The
specimens tested were the weld of SM41 steel plates, SM58 steel plates and of SM41 to
SM58, which were all prepared by submerged arc welding.

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

(1) In case with SM41 and SM58 steel plates, lower value of impact strength, higher
value of hardness and more noble electrode potential were observed in the welded
metal part than in the HAZ and base metal. Also the lowest hardness zone in the
HAZ was observed with SM58 which was not found with SM41. In case with weld
specimen of SM41 to SM58, the impact strength and the electrode potential of the
welded metal part showed again the lowest and most noble value but the hardness
value was located between those of SM41 and SM58 base metal.

(2) In the fatigue test, the specimens tested in the air and under the cathodic protection
were both cracked in a purely mechanical mode, but the specimens tested without
cathodic protection were cracked by the combination of mechanical fracture and
electro-chemical corrosion.

(3) The corrosion fatigue limit of the welded metal parts of the specimen was increased
by the cathodic protection. As the protection potential was varied down to —80QmV
vs. SCE the fatigue limit was increased to the value tested in the air, and the max-
imum fatigue limit appeared at the —1,000~ —1,200mV vs. SCE. However, as the
protection potential was further decreased below —1,200mV vs. SCE, the fatigue
limit of weld of SM58 and of SM41-SM58 joining was decreased but the limit was
almost constant in the case of weld of SM41.

(4) It is suggested that when designing steel ship the corrosion fatigue limit of welded
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metal parts should be stressed as a designing strength of the structure of steel ship
in addition to the conventional basis considering simply tensile strength of steel and

safety factor.

Nomencrature(2%F #89)

BM  : Base metal(FF4FE5)
C. : Carbon equivalent(J %8

E : Young’s modulus(“ed "#), kg/mm?

HAZ : Heat affected zone(#E#3)

I : Moment of inertia of area(Mi{ 2%
2HE)

{ : Length from fixing point of speci-

men to the stress point (G K B2
ol 41 EEJIH BR8] A E]), mm

Ny : Number of cycles to fracture (%=
A 7F=] &) cycle$)

P, : Composition of weld cracking sus-
ceptibility (A # 2L K S2 P A B

R : Ratio of stress(fE 1) =0nin/Tmaz

S : Repeated plane bending stress (JZ18
SFHEWR FEJD, kg/mm?

S, : Safety factor(4:%)=0,,/20,

¢ : Notch length(xx] 21¢]), mm

WM : Weld metal(JB% )

x : Length from fixing point of speci-
men to the notch GRE Bl A
=X 742 8] A E)), mm

Z : Modulus of section (B (&85

o : Factor of stress concentration(f g
R, BRERED

B : Factor of rupture (BB 8B) or
Fatigue notch factor (4t ZED

7 : Notch sensitivity(fE /748 g &)

o : Notch root radious (%] B9
EERK), mm

Oa : Stress amplitude (FE H#RIE), kg/mm?

Om : Mean stressCGEEHEH), kg/mm?

omax + Maximum stress(FKREJ)), kg/mms?
Omin  : Minimum stress(GRAHES), kg/mm?
o : Shearing stress(BY¥iFE ), kg/mm?

29

ot : Tensile strength(3[3EEE), kg/mm?
oy ¢ Yield strength(BetR38 ), kg/mm?

OWONP specimen : No-Welded No-Notched
pulsative stress specimen

OWNNP specimen : No-Welded Notched pul-
sative stress specimen

OWONA specimen : No-Welded No-Notched
alternative stress specimen

WWNNA specimen : Welded notched alter-
native stress specimen(in air)

WWNNP specimen : Welded notched pulsa-
tive stress specimen(in air)

WWNNAOP specimen : Welded notched al-
ternative stress No-protected specimen
(in sea water)

WWNNPOP specimen : Welded notched pul-
sative stress No-protected specimen(in
sea water)

WWNNACP specimen: Welded notched alter-
native stress cathodic protected spec-
imen(in sea water)

WWNNPCP specimen : Welded notched pul-
sative stress cathodic protected spec-
imen (in sea water)

WWNNPP specimen : Welded notched partial
pulsative stress specimen (in air)

WWNNPPOP specimen : Welded notched par-
tial pulsative No-protected specimen
(in sea water)

WWNNPPCP specimen : Welded notched par-
tial pulsative cathodic protected spec-
imen (in sea water)
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Table 1. Chemical composition of the steels (%).

Kinds of steel ] C ‘ Si I Mn l P } S - Cue* P, xx Remarks
40kg/mm? class steel plate 0.20 0.31 0. 65 0.04 ‘ 0. 007 0. 308 0. 242 Specimen
KS SM 41 <0.22 {0.350 0.6-1.2] <0.04 <0. 04 <0.38 {9.26 —
KR RD {0.21 0. 35] 0.6-1.4| <0.05 <0. 05‘ <0.37, <0.261 _

‘ |
50kg/mm? class steel plate 0.17 0.28 1.22 0.011 0.008, 0.373 0. 240‘ Spaciman
KS SM 58 <0.18 €0.55 1.50 {0.04] <0.04 0. 44 <0.273 —_
KR RD 46~RE46 <0.18 {0. 05! 0.9-1. 86 {0.04} <0.04 <0.45 <0.261] Killed steel
j SM41-SM41 0. 185 0.32 0. 67 0. 008 0.01 0.296 0. 217% —_
WM ‘ SM58-SM58 0.14 0.33 1.67 0.013 0. 005 0.418 0. 235 —_—
i SM41-SM58 0. 16 0.31 1.10 0. 015 C. 008 0. 343 0.228 ——
1
* Coq (%)=C+Mn/6
#PL(%)=CHSi/30+Mn/20
Table 2. Mechanical properties of the steels (20°C).
. . Tensile | . Impact*
Kinds of steel }Ilel/dm%?;m strength } Elo(nog/a)tlon strength | Remarks
Kg/mm?) (kg/mm?) ° (kg-m) |
40kg/mm? class steel plate 29.5 42.7 ‘ 27.6 } 4.5 } Specimen
KS SM4t i 525 41-52 {19 , >4.8
KR RD ! 24 41-50 >22 ] 4.8 “ —_—
!
50kg/mm? class steel plate ? 55.18 68. 55 ! 27.1 r 4.95 ]1 Specimen
KS SM58 |z 5873 <19 4.8 | —
KR RD46-RE46 ‘ 546 60-72 11 >16 ) 4.8 —
| |
1 | l
| SMa-su 39.78 50.54 | — 3.258 —
) 1
WM | SMs8-SMss | 55.18 72.1 — 4.5 —
f SM41-SM38 \ 48.29 58. 65 — 4 —
* Charpy impact test
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3D



130 BEMAKMEEE £9% H2W 1985

Table 3. Welding condition(Submerged arc welding).

: Welding Heat**
Kinds of . Voltage Ampere Speed. : " R Kk
specimen E&d: ‘I”;ll;le) Face D) (@:9)] (cm/min) (1?];}:1&0 emarxs
AWS-F71-|  Face 30 400 50 14.4 | QMIDEN
SM41-SM41 EH*-14 Submerged
UL-36(3. 2)| Back face 34 420 55 15.58 arc welder
Face 30 450 66 12.27
SM58-SM58 ” ”
Back face 32 525 72 14.0
Face 30 450 50 17. 28
SM41-SM58 ” "
Back face 32 525 55 18. 327
* 0.16C - 0.35Si - 1. 65Mn ~ 0. 014P - 0. 015S
** Heat impact=60 EI/V (J/cm), (V: &4 %%, cm/min)
EHRBE T 4 Q2T Hel ek ol #
FaceR 2 : =
= B 5% Wikstlone 12000 RBH S AR

5§ebwime¢n0#[ L I
¥ — v
A —G
% 3 20 o 168
1
4 Q&#}
170
- T \mo

Fig. 1. Dimension of test specimen(unit=mm).
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Measuring
Clock
Breaker
Switch i
D.C. A Water Tank
Supplier w (Sea Water)
High .
Rciistance O
Voltmeter O
:Test Specimen
2 Specimen Fixing
g Stand
3 Bccentric Cam
@_\k b 4 Reactor
= 5t Blectric Motor
6 Pully
@\ 7 Adjusting Screw
% : Reference
Electrode
9: Pb-Ag Electrode
Fig. 2. Schematic diagram of plane bending fatigue tester.
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Table 4. Qualities of sea water used in this study.
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ey | ey | G [ e [ WS ]
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Fig. 3. Variation of mechanical properties
and electrode potential with dista-
nce from the center of the welded
zone of SMA41 steel.
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Fig. 5. Plane bending fatigue limit diagram of the welded zone of SM4l steel.

Table 5. Safety factors of welded zone.

. K . . PN Partial pulsative stress at
Protection potential Alternative stress Pulsative stress
(-mV SCE) (Fatigue limit, kg/mm?)| (Fatigue limit, kg/mm2) {;fnel‘ti 1@% ;102‘)‘&’/ mm?(Fatigue
625(Ecor) 3.423(13. 44) 3.83(12.0) l 5. 707(8. 06)
800 2. 950(15. 59) 3.352(13.723) i 4.607(9. 984)
1,000 2.536(18. 14) 2.819(16. 32) } 4.356(10. 56)
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t},
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Table 6. Safety factors of welded zone.

Pulsative stress
(Fatigue limit, kg/mm?)

Protection potential
( mV SCE)

625(Ecor) 4.89(14.0)
800 4.035(17.0)

1, 000 3.5 (18.7)
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Table 7. Safety factors of welded zone.

Protection potential

Alternative stress

Pulsative stress fix

Partial pulsative stress at

ed load 10kg/mm?(Fatigue

(-mV SCE) (fatigue limit, kg/mm?) (Fatigue limit, kg/ mm?) limit, kg/mm?)
625(Ecor) 4.073(14.4) 4.95(12.78) 6.52(9.0)
800 3. 45(16. 83) 3.95(14. 85) —
1, 000 2.77(21.2) 3.29(18.8) 5.01(11.7)
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Table 8. Safety factors of welded zone.

Protection

R . . Partial pulsative stress
: Kinds of (Alternative stress Pulsative stress p
gf;f{}tslé}z) specimen fatigue limit, kg/mm?) |(Fatigue limit, kg/mm?) ?%aftli};i% %?:,(iit llﬁ’é%ﬁ%z
SM41WM 3. 423(13. 44) 3.83(12.0) 5.707(8.06)
625 SM58WM - 4.85(14.0) —
(Ecor) SM41-SM58WM 4.073(14. 4 4.95(12.78) 6.52(9.0)
SM41WM 2.950(15. 59) 3.352(13.723) 4. 607(9. 984)
800 SM58WM — 4.05(17.0) -
SM41-SM58WM 3.45 (16.83) 3.95(14. 85) -
SM41WM 2.536(18.14) 2. 819(16. 32) 4. 356(10. 56)
1,000 SM58WM — 3.5 (19.7) —
SM41-SM58WM 2.77 (21.2) 3.29 (18.8) 5.01(11.7)
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