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A Study on the Crack Propagation Characteristics of
Weldments of High Tensile Steel HT5() for Marine
Structures under Various Circumstances
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Abstract

The fatigue crack propagation rates were investigated on the notched welding specimens
under such various circumstances as in air, in sea water and under cathodic protection in sea

water for SS41 and SM50A steel with the plane bending fatigue machine,

The main results abtained are summerized as follows ;

(1) Regardless of the kinds of steel and welding methods, the electrode potential appears to be
higher on the weld metal and the heat affected zone than on the other parts, and there is
a fine grain part of low hardness in the boundary between the heat affected zone and the
base metal,

(2) In all case, the crack propagation rate decreases until crack grows up to any length, and

then it increases linearly as crack length grows,
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(a) Manual Welding(SS41, SM50) & (b) Submerged Arc Welding (SM50)

CO, Gas Shield Welding(SM50)
Fig. 1 Welding Methods

Table. 2. Welding Conditions

. Rod wire | Dry Voltage, Amp Speed |Heat Input
Welding Method | “(41m)" | Condition | (V) | (A) |(cm/min)|(KJ/cm) Remarks
SS41 Manual Vertical *1 KS E4313 . 26 81 5.9 _
2 pass (3.2mm) '00CxIh 97 g5 gg 404
Manual Vertical *2 KS E5016 . 26 81 5.1 -
SM50 5 pass (3.omm) 390Cx1h 58 g g7 38T
sMg  CO: Gas Shield % JIS YCW2 2l 95 155 5, AN
Flat 2 pass (1.0mm) 21.5 105 16.8 ) YM506D 8
PANA-MELT
* JISYF W4l 3% 750 8
SM50 Submerged Arc = 37.1 1500
g (4.0mm) 3 750 8 YK1506U

*1. 0.08C—0.38Mn—0.28Si—0.017P—0.011S

*2. 0.078C—0.98Mn—0.53Si—0.014P—0.010S

*3. 0.08C—0.98Mn—0.38Si—0.014P—0.015S

*4, 0.16C—1.65Mn—0.355i—0.914P—0.015S
Fused Type Flux. 12X150mesh

KK FE =g o7 ZA YR % AosmI, HaimT ¥ WHMLE @NA
4x50x 230mm 5] A wS3 Fig. 29} o] EEel A4 3e 6.5mm 5= Fol Fo 0.25mmé] <X
A2 Zol 5.0mmA x=AE wEqet. o A MIHEE +(0.1~0.01)mm 3 =}

0,25
e ad

TV A

V4
l s ﬁ te I/ unit: fm

“fixed position - deflection position

Fig.2. General View of Specimen.
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Table 3. Kinds of Specimens

l Welding Method Notch Position Code ‘ Test Condition INu’?l bPer of
SS41 Manual Vertical Weld Metal SS41-WM O In Air
2 pass ]
Heat Affected Zone §S41 -HAZ O In Sea Water
HAZ Base Metal SS41-HB O Under Cathodic 12
Base Metal SS41-BM Protection
(—850mV SCE)
SM50 Manual Vertical Weld Metal SM50A-WM O In Air
2 pass Heat Affected Zone SM50A-HAZ O In Sea Water
HAZ Base Metal SM50A-HB O Under pathodic
Base Metal SM50A-BM T SCE) 12
SM50 CO, Gas Shield Weld Metal SM50A-CMW O In Air
Flat 2 pass O In Sea Water
O Under Cathodic
Protection 3
(—850mV SCE)
SM50 Submerged Arc Weld Metal SM50A-SWM O In Air

Double pass O In Sea Water
O Under Cathodic 3
Protection
(—850mV SCE) (Grand Total 30)

Fig.3. Notch Position of Weldment
22 ABEX REBHE

A Kol Y ABRRET OB d94 —2¢ RETIEHS mE + =S afF BB
T A224 2 Sl Photo. 1(a) 8t el o RBME Mifrlol Hos WETESE HEY R
Bhol HAA Rl 59cpmoz FIERETYHSRRE ¢ 4 U=E Ho do. E Aol
v oAdd R 2u ohviet RARAY EROUABNAE WHESEE sEgvh. Photo. 1(b) & X
OBEASEAA ABAE BERE 2, Table 4% o] Rl #HAx FRWARS o}

Table 4. Quality of Sea Water for the Experiment

Hardness M Alkalinity | Chloride Specific Specific Water
ppm CaCO, ppm CaCO, f ppm Cl- Rgeil(s::nce Gravity Temperature ¢
4,400 95 14,500 27.5 1.023 18
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{a) General View of Equipments (b) Eccentrics and Test Piece Setting
(D Water Tank @ Eccentrics
@® Pulley and Motor @ Support Spring
%) Test Piece ® Insoluble Anode

(D Reference Electrode(SCE) @& Potentiometer
@ D.C. Source for Cathodic Protection

Photo.1. General View of the Experimental Equipment under Cathodic Protection
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Table 5. Dif fusible Hydrogen Contents for Welding Condition (cc/100g)

Manual Welding | CO; Gas Shield W. ; Submerged Arc W.
SS41 KS E4313 | SMs0A-KS E5016 I SM50A-JIS YCW2

i
| SM5CA-JISWF W41

9.28 2.24 0.86 4.08
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Fig. 4. Hardness and Potential Distributions on Surface of Weldments
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(a) WM Part (a) WM Part

(b) HAZ Part (b) HAZ Part

(c) HB Part (c) HB Part
Photo.3. Manual Welding for SS41 Steel Photo.4. Manual Welding for SM50A Steel
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(a) WM Part (a) WM Part

(b) HAZ Part (b) HAZ Part

(c) HB Part (c) HB Part
Photo.5. CO, Gas Shield Welding for SM50A Steel, Photo.6. Submerged Arc Welding for SM50A Steel.
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Photo 7. Crack on SM50A Specimens to Investigate Defects
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(a) SS41 -WM in Air (d) SS41 -HAZ in Sea Water

{b) SS41~HAZ under Cathodic Protection (e) SM50A-~WM in Sea Water

{c) SM50A--CWM under Cathodic Protecticn (f) SM50A--BM in Sea Water
(Micro Cracks : 4. 2mm Lower Part from a Main Crack)
Photo.9. Cracks on Specimen X100
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