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Abstract

Elastic wave propagation in discrete random medium studis to predict dynamic effective

properties of composite materials containing spherical inclusions. A self-consistent method is
proposed which is analogous to the well-known coherent potential approximation. Three condi-
tions that must be satisfied by two effective elastic moduli and effective density are derived for
the first time without limit of frequency. The derived self-consistency conditions have the physical
meaning that the scattering of coherent wave by the constituents in effective medium is vanished

on the average. The frequency-dependent complex effective wave speed and coherent attenuation
can be obtained by solving the derived self-consistency conditions numerically. The wave speed
and attenuation obtained from present theory are shown to be in better agreements with previous

experimental observations than the previous theory.
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Effective Medium

Mean Field

Fig.1 Mean field propagation in the effective
medium with a spherical inclusion
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steel/

Meterials Longitudinal wave speed | Shear wave speed Density
(m/sec) (m/sec) (kg/m?)
Epon 828Z epoxy 2640 1200 1202
Lead 2210 860 11300
Tra-cast 3012 epoxy 2540 1160 1180
Glass 5280 3240 2492
PMMA 2630 1320 1160
Steel 5940 3220 7800

135 T

oet

115

110 |-

1.05 1

0.0

1
kla

(a) Normalized wave speed

o/l
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3000 T T— T
B 2001 g
$ ;
< 1000 |- <
ol 1 L
0.0 05 1.0 15 20
k'a
(b) Coherent attenuation
Fig. 2 Effective longitudinal wave speed and Fig.

attenuation in glass/epoxy composite of vol-
ume fraction 45%. Present theory(——),
Waterman-Truell theory (- ), experiment
by Kinara et al.( ® )

1500 T T

T L
1000 -
H
500 .
L
/e
0 a® | _ —L
0.0 0.5 10 1.5 2.0 25
kla

3 Effective

(b) Coherent attenuation

longitudinal wave speed and
attenuation in steel/PMMA composite of vol-
ume fraction 159. Present theory(—),
Waterman-Truell theory(------ ), experiment
by Kinara et al.( ® )
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£/ b
cf/e,

el
/e

(b) Volume fraction 15%

Fig. 4 Effcetive longitudinal wave speed vs. fre-
quency in lead/epoxy composites. Present the-
ory(——), Waterman-Truell theory(::--:- ),
experiment by Kinara et al.( @ )
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