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ANALYSIS OF NON-AXISYMMETRIC CRACKING IN CERAMIC MATRIX 
COMPOSITES 

2. OBJECTIVES 

The objectives of the project are to develop a micromechanics analytical model to characterize the 
behavior of brittle matrix composites containing initial flaws, specifically as they approach a fiber- 
matrix interface, and to assess the competition between various failure modes as the matrix crack 
impinges on the fiber-matrix interface or an interphase region. 

3. STATUS OF EFFORT 

The work proposed in the original proposal has been completed. We are continuing our efforts on 
the characterization of ceramic matrix composites and in particular interface characterization of such 
systems using internal funds. 

4. ACCOMPLISHMENTS/NEW FINDINGS 

Appropriate governing equations for the case of matrix cracking with debonding with friction along 
the debond have been derived. The variational approach founded on the principle of minimum 
potential energy is being applied to obtain the numerical results for the stress and displacement 
fields. On the basis of the Irwin-Kies compliance calibration formulation and the strain energy 
release rate criterion, the fracture analysis of the matrix crack is carried out. For the matrix crack 
configuration with interface debonding with friction, the critical loads have been obtained as a 
function of crack size and interface debond length to assess the competition between the matrix 
cracking and interface debonding modes. We have also completed static tests on transverse flex 
specimens to study the cracking behavior along and transverse to fiber direction in continuous and 
hybrid ceramic matrix composites. This work has been extended to include fiber pullout in model 
ceramic matrix composites and multiple cracking in laminated brittle matrix composites. 

The results indicate that the modified principle of minimum potential energy (MPMPE) provides an 
efficient numerical approach to some of the problems which are not amenable to closed form 
solutions, especially for complicated cracking configurations such as those involving matrix 
cracking and interface debonding with and without friction. The comparison of strain energy 
release rates for matrix cracking and interface debonding has been used to asses the competition 
between the two failure modes. The parametric studies showed that the interface friction can 
largely increase the level of the critical applied strain for interface debonding and the cracking 
changes from unstable to stable state. For the experimental effort, the acoustic emission technique 
is being used to determine the onset of interface debonding and progressive fiber pullout. We also 
showed that the use of a chevron-notched fracture specimen provides a much stable crack 
configuration than that is attainable using straight through-the-thick configuration. 
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