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The Study on the Corrosion Fatigue and Cathodic
Protection of the Steel Plates used for the
Shipbuilding
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Base metal (F-££85)

: Carbon equivalent (REE &

: Young’s modulus(“% ” &), kg/mm?
HAZ:
: Moment of inertia of area(#ffi 2#& RHE)

Heat affected zone(Z& 2 Z3)

¢ Length from fixing point of specimen to the stress point (&5 [ &

ol 4 MBSl Agl), m

: Number of cycles to fracture (B @722 cycle &)

: Composition of weld cracking susceptibility (A& SRZHMRR)

: Ratio of stress(BESH) = 0min/ Omas

: Repeated plane bending stress (RBEE-ZYMES), kg/mn?

: Safety factor(ZZ2HE)=d,/2 o,

: Notch length(xx] Zo|), m

: Weld metal (JE &)

: Length from fixing point of specimen to the notch(EH E5E &0l A

=A7Ax 2} AR,

: Modulus of section (B F{R80)

: Factor of stress concentration (EHEDR, EHRER)
: Factor of rupture(B#i#) or Fatigue notch factor (Y15:RE)
: Notch sensitivity (B 750 &REE)

* Notch root radious(=x] F%8 ghR4ARK), =

: Stress amplitude (HE JHRIB), kg /an2

: Mean stress (FHHESN), ky/mn?

: Maximum stress (B KHES), kg/an2

! Minimum stress (/R S), kg/m?

: Shearing stress (BJBTHE /1), kg/an2

: Tensile strength (5[5EHE), kg/nn2

: Yield strength (RE{R3BREE), kg/an2
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OWONP specimen : No—Welded No~Notched pulsative stress specimen

OWNNP specimen : No—Welded Notched pulsative stress specimen

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

WWNNA specimen : Welded notched alternative stress specimen (in air)

WWNNP specimen: Welded notched pulsative stress specimen(in air)

WWNNAOP épecimen : Welded notched alternative stress No—protected
specimen(in sea water)

WWNNPOP specimen : Welded notched pulsative stress no-protected
specimen(in sea water)

WWNNACP specimen : Welded notched alternative stress cathodic
protected specimen (in sea water)

WWNNPCP specimen: Welded notched pulsative stress cathodic protected
specimen{(in sea water)

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

WWNNPPOP specimen : Welded notched partial pulsative no-—protected
specimen (in sea water)

WWNNPPCP specimen : Welded notched partial pulsative cathodic

protected specimen (in sea water)
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2.1 MWL KBA

of Agell HAY HARHME T2 6mmo] 40 kg /mn2 F3} 50 kg /xn2 RO
B REMER RE@MoIT o @ifEo] {LBM M7 MM B Table
1 o 29 ol M=oz FFEE  @EIESEK(KS D3515) SM 41 #EE
WES) ol WEMBRHESK (KR3012) KR#K$ RD#M HES Y, #E:
KS SMS58s#H (k1) ol vt KR RD 46 ~RE 46 $89) & S0l ch(UF pj=E SM
413 % %8 SM 58 sbter qtch)

BHERARA S 2 ol HMol Mo MEHMI FH—3E s HRMFAA &)
B % o33 o] MAstY Axsjojx = ojopafi#E(Submerged arc weld-
ing) 2 & WH/fAEE MEANA s 3E RRRKBSS BSUct

O SM41 &6 —SM 41 @6t BERRH

@ SM58 @kt —SM 58 ikt AR

@ SMd4l @kt —SM58 B BEXBH

A7l Muoje e olelafifEe REYL Hht AT & EMFNA MK
7€ Bol T e PR W MRS BEE HEIS|MECIY LREESH
e} fEiRol A ol kel 7t ®el Kolx m, EG A BASA HEE)
o gojch

Table 1. Chemical composition of the steels.(%)

Kinds of steel C |Si|Mn| P S |Ceq *| Pc™* | Remarks
40 kg /xn2 class

0.20 | 0.31 | 0.65 | 0.04 | 0.007] 0.308] 0.242 | Specimen

steel plate

KS SM 4l <0.22 [<0.35 |0.6-1.2K0.04 |<0.04 [<0.38 | <0.26 —

KR RD <0.21 [<0.35 |0.6-1.4)0.05 [<0.05 |<0.37 | <0261 | ——
"t

S0kg /= class 0.17 | 0.28 | 1.22 | 0.011 0.008| 0.373| 0.240 | Specimen

iteel Plate

hS SM 58 <0.18 [<0.55 | 150 |K0.04 |{<0.04 |<0.44 | <0273 | ——
KR RD46~RE46 | <0.18 [<0.05 | 0.9-1.6<0.04 |<0.04 [<0.45 | <0.261 | Killed
SM41-SM41 | 0.185 0.32] 0.67 | 0.008] 0.01 [0.296] 0217 | -
WM [SM58-SM58 | 0.14 | 0.33 | 1.67 | 0.013] 0.005] 0.418] 0.235 | ——
SM41-SM58 | 0.16 | 0.31] L10 |0.015] 0.008] 0.343] 0.228 | ——

* C(’{[ %=C+Mn/6
% Pem = C+8i/ 30 +Mn/ 20
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Table 3-& o|& RS9l HEEMEMH )

A B3 x4t Fig. 13 o] BERARS WELS & 1m4 P4y
g 400 001 m FAZ E S SMFNRY FHEFTIELARE(IIS-2275
-1978) 2l 1-30%%e H&Foz mIsges, 2 Hagleo R&H= oA
B 0.25mm, o] 200mme] xx(Notch)& MIYch 22z o HéH RES
A= o]=(Sand paper) 1200 &74x2 HEstn, ¥F o olMEocz Wisy
th&ol H@stad of (SM 41 -SM 58 #bf ARk ol 4 SM 58 skt ElE 501,

Face Run

170 i
I R=40

Fig. 1. Dimension of test specimen(unit=mn),

2.2 EERBKR

of HFel MY EERARKE: FHIYKXLR Fig. 29 R RLBR £
el —EY% FESYMES(Plane bending stress) & Rifstd ¥ + UEE
Elo] gl-& ¥k obvel #Fo| WHEStL 4 o] HEFrol thstel Rl WK
FiR o #9hR - fike) EEHRRE ¢ 4 ASS GET Aok =T o H
Bt~ KEdHAY Kol A EEKRE € & Az, = KhHEB] A¢es &
B e BEbie sidA EHRRE € & UASF =lo Atk oy #

€ 3% Wisdeonz 12 H&HE R BT 5+ AAUCh

WERMHAE D.C.50V, 2A9 EEMEES Pb-Ag FNEHBHE £ASH
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Schemetic diagraim of plane bending fatigue tester.

: Test Specimen

: Specimen Fixing

Stand

: Eccentric Cam
: Reactor

: Electric Motor

s Adjusting Serew

: Reference

Electrode

: Ph—Ag Electrode
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Photo. 1. Plane bending fatigue tester.

2.3 FEHHBES

°l HRAA R&@Frel FEITUFLSRBMH- oS3 g

1) HEE fefe] Mt ZE So o8N EHE 6~ 12 B(01~02Hz) <
FiRREITUMENE W oY) oyt a0l oetME @iRelY MmAKE 9
MO EOE BE 2= Yok 28U o] EEe HE®st7)o U5 2 &
Eolmg o] HEAE 850 cpm (142 Hz) o2 ESN A EeESRRe K
ShTh 2By ol d MERE A o= KRBT ISR =
AR HHRE To] FHRFS BHiEe) HEo) Ae ¥ Aoz BmER
ohooolel MaAE (312 Z2R) o

2 WMBERE BHEY U 3 SRS KEREGEADE L FEARS
L AZIZL 3, o) Rl EAMto]l Uje Hoe BEse M@ M
ol 8 025m, ol 200me] xA(Notch)& MTHHA MAHMdo] oojus 23
ol mRSAT o) FPo) LAo) WABIBEE Kol AehA SM 58 5
Mol BHERRA =28 MTsx ge @Az mTeo HABHol A HHIR
B7l B& 90 = 165 kgmm2, o = 16.0 ky/mn20 = =2, =2 2% E (Notch
root) 8| MEELO] 0125mHonT oF HENY =AE chemt P % 48
|2 HEQ
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Charpy impact strength(kg—m)
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(B) Vickers hardness and electrode potential

Distance from the center (==)

Fig. 3. Variation of mechanical properties and electrode potential
with distance from the center of the welded zone of SM41
steel.
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Amplitude of plane bending stress (kg/mt)
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Number of cycles to fracture

Fig. 4 S-Nfdiagram of alternative stress fatigue test for the

welded zone of SM41steel with various experimental
conditions.
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Fig. 7. Comparison of fatigue limit strength for the welded

zone of SM4l steel in each cathodic protection con-

dition.
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Fig. 9 Mechanical properties and electrode potential on the
welded zone of SM58 steel.
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Fig. 13. Plane bending fatigue limit diagram of the welded zone of SM58 steel.
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332 REXHREA olale BEHHS H
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Fig. 19+ SMA4l s#pfel SM 58 siibtole] BER@H ol HatdA dejrtz &
PrEsiReEHle AT REMEL o FERY BuZsSREsdolc. /fHEEmEe
AIERE ¥hot 23 o] Rilol] o)sle RHREHEE HEsIA o] HRBH o HHK
3t BifhigEsFol el Table 73 o] Wk

KR Sl A RHEEERE W42 4T Yoo Table 73 HEsE 27
<+ WEGEMRS Z9+u, -800mV SCER BREMsIAe Mo FiRmsSRES
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15. Comparison of S-N, diagram of alternative stress
fatigue test on the welded zone of SM41-SM&58 steel

in air and sea water.
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Fig. 18. Comparison of fatigue limit strength on the welded zone

of SM41-SM58 steel in each cathodic protection condition.
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Table 7. Safety factors of welded zone.

Protection Alternative Pulsative Partial pui!sati;/e
stress at fixe
Potential (s;r"?s Coress Toad 10 kg/xn?
fatigue Fatigue (Fatigue limit,
(-mV SCE) limit, kg /am2) limit, k9/an2) kg /wam2 )
625 (E corr) 4.073( 14.4) 4.95(12.78) 6.52 ( 9.0)
800 3.45 (16.83) 395(14.85) -
1,000 277 (21.2) 329(188) 501 (117)
34 B §F

341 @l W MBS MES BiEY %

Photo. 2 & EH& &R #B & TAY Av4d AA(A)F BAFESN EKS
= B#HEES Tk (Optical Interference Method)ol| ojsted  #& (B)%t
Zel=, Fig. 20 & ALY 38 EHRBF et H—3 ARMEL(T,=40
kg/m2)o 2 PHITURHE AA7, MR #RUI MHAO| S8t B
thE MAL FHFolck 83 Fig. 21 ol BHE MAEREE (da/dn)9}
EOSEARGRAES] BMAES WNHMEE o Jeld Aolich 74 mEH®E
@A JK+ Kawahara %] 7% ot Re 3IEsch

AK=1/2 Asbm ..................................................................... ®
A8y = BHER, kg/m?
a =BZY], =

ol &S FRel osid MR =AMl 4 WAES S ERY mel BWHFERO)
A Amsta, el Aol Aol uhel MAEHIA EHEPHES} M o
AHA 2 EREEZ oS weixlz &8 € 4 Utk
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Fig. 20. Relation between crack length and the number of
cycles on the welded zone of SM41 steel, SM58 steel
and SM41-SM58 steel.
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Fig. 21. Relation between stress 1ntensity factor range and
crack propagation rate on the welded zone of SM41
steel, SM 58 steel and SM41-SM58 steel.
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Photo. 3. Surface and cross —sectional surface of cracked and

fractured specimen.
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Photo. 4. Fractographs of fractured specimen (WM of SM41 steel).
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