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The Third Cntical Angle in Reflection of Elastic Waves in Fiber-reinforced
Composites

Eunsol Baek ", Hyunjune Yim"

ABSTRACT

As a fundamental approach to studying elastic wave behaviors in fiber-reinforced composites, this paper
introduces the analytical method to predict the modes, directions, and amplitudes of all reflected waves that are
generated by free-surface reflection in fiber-reinforced composites. The paper also explores a new phenomenon
where a reflected wave that is predicted to exist in accordance with the slowness surface may disappear. This
may occur when the angle of incidence of a quasi-shear wave exceeds a newly defined critical angle, named
the third critical angle. It is hoped that the analytical approach introduced in this paper will provide an
easy-to-follow guideline for researchers in the relevant area such as ultrasonic nondestructive testing.
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Table 1 Material properties of two fiber-reinforced composites

Property Glass-fiber/epoxy E-glass/epoxy
C1111=C2222(C11=C22) 10.581 GPa 11.57 GPa
C1122(Cr2) 4,095 GPa 6.04 GPa
C1133=C2233(C15=Cz3) 4.679 GPa 21.38 GPa
Cs333=(Ca3) 40.741 GPa 41.12 GPa
C2323=C1313(C44=Css) 4.422 GPa 4.14 GPa
C1212(Ces) 3.243 GPa 2.765 GPa

P 1850 kg/m® 1940 kg/m®
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Fig. 1 Cross-sections of phase velocity surfaces in x, — x; plane: (a)
Composite I; (b) Composite II.
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Fig. 2 Cross-sections of slowness surfaces in x - xs plane: (a)
Composite I; (b) Composite II.
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Fig. 3 Cross section of wave surfaces in X, — xs plane: (a) Composite
I; (b) Composite II.
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Fig. 4 Schematic diagram of two transversely isotropic media.

Table 2 Superscript a

a Incident gP Incident qSV
1 RSH RSH

2 RgSV RgSV or RqSV1
3 RgP RgP or RgSV2
4 Refracted SH

5 Refracted qSV

6 Refracted qP
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Fig. 5 Energy reflection coefficients for incident gP at free boundary: (a)
Composite I; (b) Composite 1I.
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