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Corrosion Fatigue Crack Propagation Study on a High
Toughness and High Strength 3Ni-Cr-Mo Steel

H. L. RYU and K. Y. KIM
Department of Materials Science and Engineering

Pohang Institute of Science & Technology

Corrosion fatigue crack propagation study was performed on a high toughness and high
strength 3Ni-Cr-Mo Steel(or DS-100 Steel) which has been developed for the deep sea struc-
tural materials. Since multipass welding is generally applied for DS-100 steel, corrosion pro-
perties on weldment are the Key factors to determine design limit. In this study, the crack
propagation behavior was investigated in terms of welding process, heat input rate, and elect-
rode potential. Corrosion fatigue crack propagation rates of DS-100 steel base and weld
metals were faster when tested at-1100 mV than at any other potentials. These results clearly
demonstrate that DS-100 steel is sensitive to the hydrogen embrittlement. Compressive resi-
dual stress (CRS) developed during multipass welding played an improtant role to determine
the fatigue crack propagation rate(FCPR) in the stress intensity range of low to medium.
The greater the CRS, the slower the FCPR. In the range of high stress intensity factor, howe-
ver, the effect of metallographic parameters on FCPR became deminant over the effect of
both CRS and hydrogen.
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Table 1. Composition of DS-100 Steel Base Metal, Weld Metal and Weld Zone.

Alloy Base Metal SMAW GMAW
Elenent Weld Zone Mil-1280M Weld Zone Mil-1205-1
C 0.17 0.079 <0.10 0.093 <0.10
Mn 0.25 1.650 0.80/0.85 1.446 0.40/1.80
Si 0.22 0.335 <0.65 0.305 0.25/0.60
P 0.016 0.015 <0.03 0.013 <0.01
S 0.005 0.015 max. 0.012 0.006 0.010
Ni 3.0 2484 1.5/4.0 2.551 0.62/2.80
Cr 15 0.900 <0.65 0.548 0.30
Mo 0.39 0.457 <0.90 0.500 0.30/0.65
\Y 0.02 0.013 <0.09 0.003 -
Cu - 0.015 - 0.033 -
Ti - 0.008 - 0.010 -
N 0.0025 - - - -
Sol. Al 0.045 - - - -
Table 2. Welding Conditions of DS-100 Steel Weldments
Process Electrode Voltage V Current A | Speed cm/min | Heat Input Rate KJ/cm
SMAW Mil-1208M 26 170 15 17
GMAW | Mil-120-1 30 325 34 17 & 30




3N

i-Cr-Mol

ield agy el

$AE FLUAAE AP

Table 3. Mechanical Properties of Deposited Weld Metal, Mil-Spec and Base Metal.

Sample YS T.S Elongation CVN
MPa(Ksi) MPa(ksi) % ]
Base Metal 716 814 20 237(-40C)
(104) (118) 246(-18C)
MIL-12018M 700-828 - 18 42(-51C)
(102-120) 82(-18C)
SMAW 836 22 41(-51C)
(17K]J/cm) (121) 53(-18C)
MIL-120S-1 700-783 14 48(-517)
(102-114) 82(-18C)
GMAW 629 23 18(-51C)
(17KJ/cm) (94) 109(-18C)
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Fig. 1. DS-100 Steel Weld Metal Specimen Prepa-
ration Method for Crack Propagation Test.
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Fig. 2. SEN(Single Edge Notch) Specimen used
for Crack Propagation Test.
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Fig. 3. Schematic of Positions tested for Resdual
Stress.
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Fig. 4. Schematic of a Corrosion Fatigue Cell Arra-
ngement with an Electrochemical Potential Control
System.
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Electrodes in Synthetic Seatater with Air Bubbled
Through.
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Fig. 6. Effect of the Electrode Potential on FCPR
of DS-100 Steel Base Metal.
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Fig. 7. Effect of the Electrode Postential on FCPR
of DS-100 Steel SMAW Welded Metal
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(b)
rig. 8. SEM Fractrography observed in Air
(a) Base Metal at low AK Level (b) SMAW Weld Metal at low AK Level

Fig. 9. SEM Fractrography observed in Synthetic Seawater at -1100 mV
(a) Base Metal at low AK Level (b) SMAW Weld Metal at low AK Level

Fig. 10. SEM Fractrography observed in Synthetic Seawater at -1100 mV
(a) Base Metal at High AK Level (b) SMAW Weld Metal at High AK Level
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Fig. 11. FCPR Data for DS-100 Steel Base Metal
and Various Welded Metals (SMAW and GMAW)
tested in Air.
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(b
Fig. 15. Various Dimple Structures of DS-100 Steels.
(a) Base Metal (b) SMAW Weld Metal(17 kJ/cm)
(c) GMAW Weld Metal(17 kJ/cm)

Fig. 16. Various Dimple Structures of DS-100 Steel Weld Metals.
(a) SMAW tested in Air(17 KJ/cm) (b) SMAW tested in Synthetic Seawater at -1100 mV(17 kJ/cm)
(c) GMAW tested in Air(17 kd/cm) (d) GMAW tested in Synthetic Seawater at -1100 mV(17 kJ/cm)
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