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Numerical Analysis of Residual Stress Redistribution due to Fatigue
Crack Propagation of Weld Zone
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ABSTRACT
The problem of welding stresses and fatigue behavior is the main concerns of welding research

fields. The residual stresses and distortion of structures by welding is exert negative effect on the
safety of mechanical structures. That is, expansion of material by high temperature and distortion by
cooling during welding process is caused of tensile and compressive residual stresses on welding
material, and this residual stresses reduce fracture and fatigue strength of welding structures. The
accurate prediction of residual stress and redistribution due to fatigue crack propagation of weld zone
is very important to improve the quality of weldment. In this study, a finite element modeling
technique is developed to simulate the redistribution of residual stresses due to fatigue crack
propagation of weld zone.
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fon, Fig. 1 & 2o /5384 9 8248 sdo] A8 Zd2 o] CT(compact tension)A]
ol A3 thAolmz AHY 1/28 HNddez ARFHACT. =3, &4 AHF e +
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H=pEI[/ V )]
o] 7100 A, n : &3Hota &§, %]
E : o}3 A<t [Volts]
I:9ol3 AF, (Amperes]
V : 83ot3 9 olFEE, [mm/sec]
H: 92€%, ¥mm] ojch
oz & S4ue e U AR Pol AL3T Y= GMAW(Gas Metal Arc
Welding) £3d0lz A8 A £HFZE &4 FAGWS490A)old, 313t J& 71AH A
A& Table 2, Table 3 3} Tt}

a
1 l W : 125 mm

aW: 02

@ thickness : 12 mm

Fig. 1. Geometry and dimensions of CT  Fig. 2. Finite element mesh for 2D heat

specimens flow analysis
Table 1. Welding conditions Table 2. Chemical composition of SWS490A steel
Plate Thickness 12 mm (unit : %)
Material SWS490A ¢ Si Mn P s
Wire Size 412 0.20max. |0.55max. {1.60max. |0.035max. [0.035max.
Welding Speed 20 40 cm/min Table 3. Mechanical properties of SWS490A steel
~ v -
Voltage 21 35 yield strength |tensile strength| elongation
Amperage 280 T 350 A (N/mm°) (N/mm?) (%)
Heat source efficiency | 0.8 325 min. 4907 610 17 min.
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Fig. 3. Material properties for heat transfer analysis Fig. 4. Material Properties for thermal stress analysis
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Crack Propagation
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Fig. 5 Modeling of crack propagation
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Fig. 6. Temperature change in welding process Fig. 7. Temperature change rates in 10, 23,
35, 50 mm position from center line

Fig. 8. Longitudinal residual stress distribution Fig. 9. Transverse residual stress distribution

-228 -



15 T — 1.0 T T Y T S | T
: —0— Analysis Results : —0— Analysis Resuits
: : | & _ Experiment Results fret.2] 0.8 i A Experiment Results [ref.2] |
. : & e P . i
N ] ]
o , 2
3 : 8
2 b ! A &
@ 3
& : _D_D,_.D——D——D—U—D—-{ 3
§ (= R Fa e Se s : 2o SRR SRR SRV SUPIRE X .
R LR C SRR B e . & . . : . A
[+4 H g i . : B AR SRS Sp— i i . 4
1.0 fven . b 0.4 . . .v.:.: ISP i o
T L T T 1 T T T T
0 10 20 30 4 50 60 70 0 10 20 30 40 50 80 70
¥.(mm) y {mm)
Fig. 10. Residual stress 0xx along A-B Fig. 11. Residual stress 0,y along A-B
15 T —— T 15 v - T T
—D—Ansryus H —=— Analysis Res!
A Experlment Resuns [ret.2) i i [ A& Expesiment Resuns [ret.2] l‘

v
™

Residuai Stress a, /o

Residual Stress ¢ /o

— T
0 20 40 60 80 100
X (mm)

Fig. 12. Residual stress 0.x along C-D Fig. 13. Residual stress 6.y along C-D
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Fig 14. Aralysis results of residual stress Fig. 15. Analysis results of residual stress

redistribution(0.) due to crack propagation redistribution(0y) due to crack propagation
T
~T T T 400 H —3— jnitial
400 - —aA— crack 5 mm
—o-- initial —&— crack 10 mm
J —&— crack 5 mm 300 —o— crack 15 mm [
300 —e— crack 10 mm | 7 P —G— crack 20 mm
- —o0— crack 15 mm & 200 -MaF ~ —%— crack 25 mm {J
2 200 —¢— crack 20 mm | -3 R { T
z —¥-- crack 25 mm Y i
: B oo XQETAG L
4 100 1 &
@ k]
[}
H &£
T _y00 -100 -{ s 4
-200 o ~200
v r T ; T T — ——
0 W 20 3 4 S 6 70 10 20 30 40 50 6 70
x (mm) X (mm)

Fig 16. Analysis results of residual stress Fig. 17. Analysis results of residual stress
redistribution(0,.) due to crack propagation redistribution(o,y) due to crack propagation
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