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Fatigue Crack Propagation Analysis of Welded Steel
Structures using Fracture Mechanics Approach

Kentaro YAMADA* Tokinori MAKINO**
Chihiro BABA* Yoichi KIKUCHI*

Current specifications for fatigue design of weldments are
either based on the fatigue strength corresponding to two million
cycles of repeated loads or based on the fatigue crack initiation
life, Ng. For example, the fatigue specification of Japanese
National Railroad reflects the former criteria, while the fatigue
design guide proposed by Japan Society for Steel Construction
reflects the latter. The welded steel structures are, however,
prone to weld defects, some of which are beyond the capability of
current non-destructive testing technique. Laboratory fatigue
testing have showed that from these weld defects fatigue cracking
usually initiated at an early stage of fatigue. It is, therefore,
recommendable to use the third fatigue design criteria based on
the fatigue crack propagation life, Np.

Computation of fatigue crack propagation based on the fracture
mechanics approach has been shown to be the most promised procedure
to be used in the design. It has been successfully applied to the
pressure vessels, aerospace industry, and others. Yet only a
little fatigue crack propagation data of welded details is available,
probably because of the unawareness of importance of fatigue crack
propagation life, and of the complexity of the procedure.

LJ

In this report, three typical weld details are analyzed using
the fracture mechanics approach to fatigue. First, the propagations
of semi-elliptical surface cracks emanating from the toe of trans-
verse fillet weld and the end of longitudinal fillet weld are com-
puted by the fracture mechanics analysis. The analytical results
are further compared with the experiment results, where the fatigue
crackings are marked by dye-penetrant to see the size and shape of
the fatigue cracks. A good correlation between the two is observed.

Second, a concept of an equivalent initial crack size, ao,eq
is introduced in the analysis of circular cracks emanating from the
spherical weld defects observed at the longitudinal fillet weld of
welded beams. ao,eqis assumed to provide the same fatigue life
as the S-Nf data, where Nf is assumed to consist of only the
crack propagation stage of fatigue. Although the procedure is only
applicable to weld details which have high stress concentration or
where weld defects are anticipated, the conventional S-N¢ data is
also utilized in the fatigue crack propagation analysis.
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