The Society of Naval Architects of Japan

509

RS LSRG IR 2 E R LT
VR LS 0D YR 5 i FE R R

FE fE & B X*

Fatigue Strength Evaluation Method Using Local and Structural Stress Concentration Factors for Weld
Toe of Welded Joint

» by Isao Sova, Member

Summary

Stress concentration at weld toe is one of the major factors influencing fatigue strength of welded
structures. The stress concentration factor (SCF) K. is expressed by K:= K.+ Ks, where K, is the local
SCF depending upon the local geometry of a weld, and K is the structural SCF determined by the joint
type of a structural member. The structural SCF is currently taken into account by some of fatigue
design guidances. While the local SCF and K are considered as unknown factors and to be involved
in the basic S-N curves. For a consistent fatigue evaluation of various types of joints, it is necessary
to establish a unified method dealing with both local and structural SCFs quantitatively.

In this study, a fatigue evaluation method has been studied based on the following phenomenon ;

1. Since local stress concentration is principally caused by a very small radius of weld toe, a high
stress region is quite limited in a small area. Therefore, the local SCF affects fatigue crack initiation
and growth of a very small crack. This means that even if Ky is as large as infinity, the fatigue strength
is still greater than that for a crack propagation life. Namely, as K, becomes large, the fatigue
strength decreases from that for a small K. to that for crack propagation life.

2. Whereas the affecting area of structural stress concentration is relatively large, the structural
SCF influences not only crack initiation but also crack propagation until the crack becomes large.
Thus, the Ks has the same effect as an increase in nominal applied stress.

Eventually, a unified equation in which the local and structural SCFs are integrated has been
proposed for fatigue strength estimation of welded structural members.
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Fig.1 General tendency of relationship between local
SCF and fatigue notch factor

Fig.2 S-N diagrams of fatigue test on notched plate
specimens of base metal (SM 41 A, =10 mm)?®
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Fig.3 Comparison between crack growth analysis and
experimental results” on notched plate speci-
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Table 1 Geometrical conditions for fatigue crack
growth calculation in welded joints

Code | Plate Plate Weld Surface Crack Size
Loading of Thickness Width Width | Depth Length

Mode |Case | t (mm) 2 W (mm) (mm) a; (mm) | 2¢c; (mm)
T-1 10 200 13 2.0 20.0

Tensile | T-2 ” ” ” 2.0 8.0
Stress | T-3 80 200 104 2.0 20.0
T-4 ” ” ” 2.0 8.0

B-1 80 200 104 2.0 20.0

Bending | B-2 ” ” ” 3.0 30.0
Stress | B-3 ” ” ” 4.0 40.0
B-4 ” ” ” 5.0 50.0
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Fig. 10 Comparison between crack growth analysis
and experimental results® of fillet-welded cru-
ciform joint
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ed plate specimens with longitudinal ribs!®
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