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Fiber-matrix interface has been known to give a significant effect on the performance of composite materials
as load-bearing structures. Its complexity due to inhomogeneity and micro defects causes difficulty in
characterizing the interfacial properties. In an effort to conduct it, single fiber fragmentation test
(SFFT) has been widely used. However, the conventional analysis of SFFT finds uncertainty because it
neglects interfacial debonding for simplification. In this dissertation, a debonding process is considered
to characterize the interface, which can be realized by analyzing matrix stress contours near the interface.
A continuum damage model which is based on phenomenological model is implemented to represent the debonding.
The importance of debonding appearance to the interfacial properties is intensively discussed.

This dissertation consists of five chapters. In chapter 1, Introduction, applications and failure
mechanisms of fiber—-matrix composite are summarized. A comprehensive discussion about interfacial region
between fiber and matrix is then given which emphasize on the remaining problems that must be solved in
interfacial debonding characterization. The effects of a debonding process at fiber-matrix interface under
longitudinal and transverse loadings are also revealed by using a commercial finite element analysis (FEA)
software, ABAQUS 6. 11. Debonding is found to cause ineffective stress transfer from matrix to fiber and
vice versa. Recent relevant studies on debonding process at the interface are also highlighted. These
previous studies indicate that overestimated result might be obtained if the debonding on interface
characterization is neglected.

In chapter 2, new parameters for interfacial characterization, the analysis of conventional SFFT to
evaluate interfacial strength (z,) is briefly explained. An axisymmetric model representing SFFT condition
is then developed by using FEA software. The boundary conditions of the model are selected carefully because
fiber fraction is very low in actual SFFT condition. To achieve that, parametric studies are conducted
for geometrical parameters and mechanical properties of fiber and matrix. The FEA results show that the
model is representative to SFFT condition if radius ratio of matrix and fiber is more than equal 20 and
a longitudinal length of the model is longer than ineffective length previously defined by Rosen. After
obtaining appropriate boundary conditions, simulations with many different values of interfacial
properties are conducted. The results show that characteristic lengths in matrix stress contours which
relate to interfacial properties i.e. ¢, and interfacial fracture toughness (G./) are found. These lengths
are potentially used for evaluating interfacial properties.

In chapter 3, relationship between characteristic lengths and interfacial properties, the relationship
between matrix stress distribution and the interfacial properties on SFFT is comprehensively discussed.
t, as a function of its characteristic length is derived by using stress—based approach. Moreover,
non—dimensional analysis to generalize the function is also demonstrated. In order hand, 6.’ as a function
of its characteristic length is also derived by using energy—based approach. One—dimensional analysis
is demonstrated in this derivation. Those functions are then compared to FEA model provided in chapter
2 in order to assure that applied assumptions are sufficient to model SFFT. The comparison of results
shows good agreement between derived functions and FEA results.

In chapter 4, experimental realization for observing matrix stress contours, an apparatus consists of
amini tensile test, high resolution of microscope camera, and photoelastic tools are designed. The image
of matrix stress distribution captured by using this apparatus is analyzed. An image processing technique




for the captured image is introduced in this chapter. The technique uses hue parameter rather than red,
green, and blue (RGB) parameters in order to capture a matrix micro stress contour near the interface.
By using this method, characteristic lengths in matrix stress contours can be measured properly.
Interfacial properties are finally evaluated by using derived functions in chapter 3. In the experiment,
two different fiber surface treatments are examined and it shows that developed method can differentiate
the interfacial properties. It is also found that the results with debonding consideration are correcting
the conventional results of SFFT. Discussion about the appearance of debonding phenomenon in the interface
is also demonstrated here.

In chapter 5, conclusions and future works, the conclusion of this dissertation is summarized with potential
future works. This dissertation concludes that a novel analysis for SFFT method is introduced by considering
debonding phenomenon. Overestimating values of interfacial properties from conventional methods are
confirmed and quantified. The analysis considering the debonding process increases the accuracy of
interfacial properties evaluation which can make reliable composite failure prediction and determine
reliable fiber-matrix interface design.
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