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The scientific research goals of this project were to evaluate the effects and de-

Description of the Scientific Research Goals

termine the amount of oriented, periodic fractures in both heterogeneous, layered
isotropic and anisotropic materials by nondestructive evaluation (NDE) methods.
The approach was to measure nondestructively the elastic constants of a bulk frac-
tured composite material in order to adequately characterize the material and provide
damage assessment. In addition, the effects of the heterogeneous and anisotropic na-
ture of fractured composite materials on plane elastic wave propagation were to be
investigated. This work was to involve development of analysis and verification of
methods of the quantitative NDE of elastic wave propagation and bulk elastic prop-
erties of anisotropic, heterogeneous materials. Work was planned to evaluate wave
propagation characteristics in terms of orthorhombic symmetries resulting from frac-
tures embedded in layered composites so as to allow the estimation of fracturing in
materials which already possess an inherent anisotropy due to their layering.

Significant Results in the Past Year

Initial work began on a two-component layered composite to evaluate wave prop-
agation characteristic in terms of hexagonal symmetry and to study effects of hetero-
geneity on wave propagation relative to currently existing thickness-weighted averag-
ing theory and horizontal fracturing models for transversely isotropic homogeneous
materials. Vertical fracturing of the hexagonal material which generates orthorhombic
symmetry was then examined.

Because of material anisotropy, analytic and experimental work had to consider
deviations of the energy vector from the phase vector due to propagation at arbitrary
angles with respect to the material symmetry directions. Oblique incidence ultrasonic
techniques were used to measure material constants and the effects of fracturing.
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This research program entailed experimentally testing the design of Hood and
Mignogna [1]. The Schoenberg fracture model [2] was used to analytically incorporate
fracturing in the separation techniques offered by Hood and Schoenberg [3], in the
experimental design of Hood and Mignogna [1], and was used in this program. The
composite was constructed as a heterogeneous mix of isotropic components: glass
plates bonded with epoxy. This particular composite exhibited transversely isotropic
properties [4,5] and had values comparable to the thickness-weighted predictions of
Backus [6] in the long wavelength limit.

Since the time of flight along phase vector or energy vector i)ath is analytically
equivalent [7], the time of flight measurements were analyzed using only the phase
velocity in the anisotropic material. This greatly simplified analysis and reduced the
number of parameters that needed to be measured. Mignogna [8] reported a general
analytic closed-form solution for the wave equation which permits all pertinent infor-
mation to be determined for arbitrary directions of wave propagation in anisotropic
materials. An automated experimental system for making the laboratory measure-
ments was used and provided all the necessary parameters for our program.

Accomplishments:

1. The experimental system for making the measurements was automated to assure
better precision.

2. The elastic properties of the bulk forms of the homogeneous glass and epoxy were
determined.

3. A heterogeneous layered material from the isotropic glass and epoxy was con-
structed. Models for both heterogeneous layered material and fractured material
were considered.

4. Bulk properties and analytic models to predict properties of this composite were
used. Predictions to experimental measurements were compared [5,6]. Measurements
were made through the layered composite using sufficiently long wavelengths so that
long wavelength averaging theory could be used.

5. Further heterogeneity was introduced analytically in the form of fracturing and

bulk properties and analytic models were used to predict properties of this fractured ®or “e

composite. The fracturing was simulated by cutting the stack into thin vertical wafers, I
following Hsu and Schoenberg [9], and rebonding the wafers with the same epoxy. The 4

final specimen displayed orthorhombic symmetry. The introduction of fracturing in- -
creased the anisotropy to that of a material with orthorhombic symmetry. This was

examined using contact measurements. ) GM(

6. The orthorhombic material was measured with oblique incidence angles using 11y coces
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NRL’s automated system. Predictions of the elastic moduli were compared with the = and/cr
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values obtained from the experimental measurements.
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