7] o0F A ANTHRSH A D2F3YH IS

Fatigue Crack Propagation Behaviors on Tensile and Compression
Residual Stresses in Weld Zone

o] 3 4*-7 ¥ 3*

. Ha-Sung lL.ee-Dong-Myeong Kang

ABSTRACT

Effects of tensile and compression residual stresses in the welded SS41 and Al7075-T6 on fatigue
crack propagation behavior are investigated when a crack propagates from residual stresses region. We
propose the fatigue crack growth equation on tensile and compression residual stresses in welded metal.

The results obtained in this experimental study are summarized as follows :

1) A fatigue crack growth equation which applied fatigue fracture behavior of the welded metal is

proposed.
da _ B(—Rer)’(aAK—aK)"
dN [(1—Reg)Kes— AK]

where, @, B, 7 and & are constants, and Ry is effective stress ratio [Reg={(Kumint Kiee)/ (Kpmax+
Kes)], K is critical fatigue stress intensity factor. The constants are obtained from nonlinear least
square method. The relation between crack length and number of cycles obtained by integrating the
fatigue crack growth rate equation is in agreement with the experimental data.

2} The experimental results confirmed that the cause of crack extension and retardation by residual
stresses has relation to the phenomenon of crack closure.

3) The relaxing trend of residual stresses by the crack propagation was greater in case of compressive
residual stress than that of tensile residual stress in the welded metal.
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Table 1 Mechanical properties for base metal

materials a,(MPa) a,(MPa) elongation( %)
SS41 315 440 25
Al7075-T6 539 573 8.5
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Table 2 Welding conditions

current | voltage { speed |[number of

k

Flmml ) | o) | ommin)| passes | ™
3.2 80 100 150-170 4 covered arc
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Fig. 1 Configuration of residual stresses measuring
method
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Table 3 Experimental conditions for base metal

materials Pl KN) Poin(KN) R
30.5 1.5 0.05
SS41 31.3 6.3 0.2
33.3 13.3 0.4
28.9 1.4 0.05
Al7075-T6 30 6 0.2
32.5 13 0.4
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Fig. 2 Configuration of fatigue test specimens
[a) Center Cracked Tension Specimen
[b} Single Edge Notched Specimen
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Table 4 Experimental conditions for weld metal

materials | Pt | P (KN) | Pao(KN) | R
type
CCT 30.5 15 0.05
sS4l
SEN 3.1 1.7 0.05
T 9 1.4 05
AITOTS-T6 |—2o 2 0.0
SEN 30.5 1.5 0.05
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Fig. 3 Residual stress intensity factor and effective
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Fig. 4 Residual stress intensity factor and effective

stress ratio by residual stress for CCT
specimen(AI7075-T6)
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Fig. 7 Fatigue crack growth rate vs. stress intensity
range for SS41
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Fig. 8 Fatigue crack growth rate vs. stress intensity
range for Al7075-Tb
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Table 5 Results of nonlinear least square method

materials a B 14 ) K Ko
SS41 0.97 | 2.8E-04 | 0.70 | 2.78 | 13.5 | 47.0
Al7075-T6 0.68 | 1.OE-04 | 0.94 | 2.45 4,5 | 11.2
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Fig. 9 Fatigue crack growth rate vs. stress intensity
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