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SUMMARY

Post irradiation examination of fast reactor fuel pellets reveals complex patterns of cracks. A know-
ledge of the number and orientation of the cracks is desirable, for several reasons:

1. The number of cracks will influence the magnitude of the residual stresses in the pellet, which
will influence the changes of pellet/clad gap and, therefore, the pellet temperature distribution.

2. If the pellet cracks into descrete fragments, these may move radially outwards. Such displacements
will also influence the temperature distribution.

3. Cracks which do not lie in radial planes will form barriers to radial heat flow and will also affect
the temperature distribution.

4. Cracks will aid the release of fission-product gases. This effect will be particularly significant in
fuel pellets operating with a low centre temperature.

The first objective of the present programme of work is to predict the crack patterns in fast reactor
fuel pellets, i.e. the numbers of cracks and their orientation, and to relate the crack patterns to the
operating history. A second objective is to establish cracking models which may be used in one-di-
mensional fuel pin codes to allow for the presence of cracks in as realistic a manner as possible.

The paper describes two-dimensional finite element analyses of the stresses developed in fast reac-
tor fuel pellets when the power is raised from zero to 250 w/g. The analysis is repeated, assuming
that radial heating cracks (i.e. cracks in the rz plane, due to raising power) have divided the pellet
into segments subtending various angles at the pellet centre. From the residual stress levels, conclu-
sions are drawn concerning the probability of further cracking.

The paper also describes the application of linear-elastic fracture mechanics (LEFM) to the prop-
agation of radial heating cracks in solid and hollow pellets.

The analyses described in the paper show that further fragmentation, due to the propagation of
circumferential cracks (i.e. cracks in the 6z plane), is probable. The effect of an asymmetric temper-
ature distribution is investigated and found to be slight. The paper also describes analyses of the
changes of stress which occur when the pellet power is reduced from 250 w/g to zero. By making
assumptions concerning the extent of stress relaxation by creep and of the extent of crack healing,
the authors have been able to predict the probable numbers and orientation of cooling cracks.

The paper includes representative photographs of cross-sections of irradiated fuel pins which have
been subjected to different irradiation histories. The crack patterns are interpreted in the light of the
results of the analyses.

The authors find that each of the crack configurations to be seen in the photographs may be ex-
plained in terms of the results of the analyses. This conclusion gives some confidence in the appli-
cation of the analytical techniques to the prediction of crack patterns under different operating con-
ditions and in the validity of the analytical results as a basis for cracking models for use in one-di-
mensional codes.



