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Abstract

For the precise assessment of the effect of welding residual stresses on structural
strength and fatigue crack growth behavior, new FE analysis algorithms for the estimation
of residual stress relaxation due to external load and redistribution due to fatigue crack
propagation were proposed in this paper. Initial welding residual stress field was obtained
by thermal elasto—plastic analysis considering temperature dependent material properties,
and the amount of residual stress relaxation and redistribution were assessed by
subsequent elasto—plastic analysis. In the analysis of fatigue crack propagation, the
applied SiF(Stress Intensity Factor) range was evaluated by 1/4-point displacement
extrapolation method, and the effect of welding residual stresses on crack propagation
was considered by introducing the effective SIF concept. The test results of crack
propagations were compared with the predicted data obtained by the analysis.
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Fig. 2 FE modeling for the thermal elasto—plastic

analysis
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Table 1 Material properties
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, ~@- R.S (Relaxation at 1.8 ton)

40

3¢

g e e
I

.~ R.S (initial)

w

~4- RS (Relaxation at 2.4 tan)

50

300 f e e ]

(B d 1) SS2.35 [ERPISI Y

Elongation

29 %

Young's modulus

206 GPa

Yield strength

320 MPa

Table 2 Welding conditions

'@~ R.5 (Retaxation at 3.0 ton}

-a5p Lo

Type

FCAW

Speed
372.7 mm/min.

Voltage

31y

Current

280 A

Distance from welded toe (mm)

Fig. 3 Initial/relaxed welding residual stresses

from FE analysis (inside toe)
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Table 3 Descriptions of analyses in Fig. 8 and
Fig. 9

Analysis | Analysis | Analysis

Effects
| Il Ml
Applied load Included | Included | Included
Initial residual Not
Included | Included
stress included
Residual stress
Not Not
relaxation due . Included
) included | included
to applied load
Residual stress
redistribution Not Not
Included

due to crack included | included

propagation
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Fig. 8 Comparison of results (HSS, 240MPa)
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Fig. 9 Comparison of results (HSS, 340MPa)
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