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SUMMARY

Dissimilar metal welded joint failures have been found in some of the power plant
structures due to stress or metallurgical reasons. The transition joint stress analysis has
already been studied extensively to investigate the design life of a sound structure accord-
ing to ASME Pressure Vessel Code.

Since it is difficult to expect a welded structure to be free from flaws, the structural
integrity cannot be assured without a through investigation of the crack initiation and
crack growth.

Fracture mechanics methods have been applied very successfully to predict welded
structure failure problems at room temperature. Only in recent years, crack problems at
elevated temperatures appear in the literature. The purpose of this study is to investigate
crack behavior of a dissimular metal transition joint at elevated service temperature con-
dition, and also to make recommendation for future crack growth tests.

In linear elastic fracture mechanics (LEFM), stress intensity range, AK, can be related
to da/dN for cyclic crack growth behavior. At elevated temperature, creep-crack growth be-
comes important. For a material with low ductility, the crack growth rate, da/dt, can be
correlated by the elastic stress intensity factor. From past failure experiences and stress
analysis results, a crack was assumed to locate on the outside surface of the fusion line
between 2 1/4 Cr-1 Mo and I 82 materials. Because of the special loading condition and
geometry, closed form stress intensity factor solution is not available. Yet, preliminary an-
alysis shows accurate K; is necessary. A good method to obtain accurate stress intensity
factors is by finite element method using built-in 1/vr singularity element. MARC finite
element computer code was used in this study. For a surface crack whose length is very
much longer than the wall thickness, a circumferential crack was assumed. Since results
show that there was thermal stress relief due to the crack, the circumferential crack may
not be a conservative assumption for medium length cracks. An analytical model with the
line springs proposed by Grandt and Sinclair added to the opening end region of the crack
to account for the restraint by the uncracked ligament was used.

Stress intensity results and cyclic fatigue data indicate that there is no crack growth
due to fatigue. However, lack of experimental data on creep-crack growth at lower stress
level and the very long hold time in operating condition make the prediction on crack
growth under static load less certain. In order to ensure the structure integrity of this
transition joint, a limited number of static load crack growth tests were recommended.
The matrix of the test is based on the results of this analysis so that sufficient data can
be obtained from a minimum number of tests.



