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Fatigue Crack Propagation Characteristics of
Duplex-Stainless Steel Weldment (IIT)

Taik-Soon Lee and Jong-Wan Kwon
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EEXL)E

gho]ofl o] A)

Effective Stress Intensity Factor (- &-3-8 # Al ),

Striation (A~ E.

Abstract

Corrosion fatigue crack propagation behavior of duplex stainless steel weldments in substitute

ocean water was investigated to evalulate effects of micro-structural change and residual stresses.

Fatigue crack propagation rate was found influenced markedly o/y phase ratio but little by

residual stresses. Fatigue crack propagation rate is higher in the corrosive environment than in

room atmosphere. The crack propagation rate estimated by the measurement of striation spacing

was higher than that, obtained by crack length measurement in low 4K region. At high 4K

region, however, both crack propagation rates were found to be identical.
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Table 1 Chemical composition of material &
mechanical properties

of ¥ &

Chemical compostion(wt. %)
C!Si |Mn|] P|S {Cr|Ni|Mo|N

0.020| 0.47 | 1.64 10.027{0.001|22.61| 6.06 | 3.00 {0.108

Mechanical properities

Y.S.(MPa) T.S.(MPa) EL1.(%)

549 755 28

Table 2 EBW condition

Welding method EBW
Valtage/V 45%103
Current/A 0.2

Welding speed/mm/s 115

4
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Y
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45 ]
)
Unit - mm (b)Weld metfal

Fig. 1 Location of weld bead and initial notch
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Fig. 2 Configuartion of specimens for fatigue crack
propagation tests
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Fig. 3 Hysteresis curves of load, P and strain (Initialized), e.n. (EBW, I, air)
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Table 3 Chemical composition of substitue
ocean water (ASTM, D1141-75)

Compound Concentration, g/liter
NaCl 24.53
MgCl, 5.20
Na,S0, 4.09
CaCl, 1.16
KCl 0.695
NaHCO, 0.201
KBr 0.101
H,BO, 0.027
SrCl, 0.025
NaF 0.003
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(a) Variation of hysteresis curves in initial cyclic stage
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(b) Transition of maximum strain (Initialized) in initial cyclic stage

Fig. 4 Variation of initial cyclic stage in residual stress field(EBW, in air)
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Fig. 5 Location of gage set point for measurment
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Fig. 6 Residual stress field induced by electron beam
welding (in air)

of Aol wa} =AFol FEstz ek, o]
szgde] Aol et AFsHRL Gl ¢
olz7] Wl Aoz Hxtslc,

B ATHEAKFY AHE vaste] 2y Hr|F
o A¢o FAE AEFE 2alet, 2 LA
=9 HAdAe AT#HA$ Aol 37159 Az
Erp Abr ez wieA vetvtzn gl Fig 8&
AYF Eodol F84¢ 2= Aoz F¥ 3
2H A2 ol o Az d-ls] UE AR
st FEAZACl oo AAE Ebd Aeolth,
29 Ade A7, AFHFF el gAY
Aol wet d-u] Ugel Frhdet, o Ade
TR S27b & Ade Af vlad g 27

I
20 10 0 10 20

108

LA Lt o

da/dN {m/cycle)

O Base metal (in air)

C Base metal (in substitute
L acean water }

AEBW (in air)

A EBW  [in substitute
ocean water )
10‘5 ) I | I 1 P |

0 100
4K (MPavm )

Fig. 7 Crack progagation rate stress intensity range
in base metal & EBW in air, in ocean water
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Fig. 14 Appearance of fatigue fracture
burface and EDX analysis
(Base metal in air, g=10.85mm, 4K =37.14 MPa/m
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Appearance of fatigue fracture
surface (Weld metal, in air,
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Fig. 16 Ilustration of fatigue crack growth
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