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INTRODUCI10N
Scattering characteristics have been calculated for a spherical inclusion with partially
de bonded interphase conditions. Three scattering characteristics of the scattered field have
been selected for investigation: 1) the frequency response at a fixed point, 2) the scattered field
at a fixed frequency along an observation line, and 3) the radiation pattern. The compliant
interphase between the inclusion and the surrounding elastic matrix has been modeled by a
layer of distributed springs which offers resistance to relative displacements in the two tangent
and the normal directions. Two basic assumptions are made for the spring model of the
interphase: 1) The springs are linear, and 2) The interphase is very thin so that the effect of
inertia of the interphase can be neglected. These assumptions are acceptable in the low
frequency range. The partial debonding of the interphase is modeled by setting the spring
constants (defined per unit area) equal to zero along part of the interphase.
The method of solution is based on the 3D elastodynamic boundary integral equation
method. The treatment of the interphase and the solution strategy have been discussed in detail
in our previous paper[1]; so we omit the details here. The spring model has been reviewed in
some recent articles by Baik and Thompson[2], and Martin[3].
SUMMARY OF TIIE FORMULATION
The integral representation for the exterior displacement field can be expressed as
XED,

(I)

where S is the interphase boundary at the matrix side and Uij is the fundamental solution for
3D time-harmonic elastodynamics. The boundary integral equation for the exterior matrix may
subsequently be obtained as
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The boundary integral equation for the inclusion is of the form

xeS,

(3)

where S is the interphase boundary at the inclusion side.
The discretization process, the equations for the interphase, and the interaction conditions
are all the same as in the previous paper[ I]. As shown in Ref.[l], the final matrix form of the
equations may be written as
( K+S
-S

-S
K+S

)(ii)u = (AG-lul
0
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(4)

where K and K are double layer matrices, G is a simple layer matrix, and A is the area
matrix. The interphase conditions are characterized by the spring matrix S:
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where M is the total number of the elements and Ra has the following form:

, (no sum on a.)

(6)

where Rta• R2a• and R3a are spring constants per unit area in the XI, x2, and x3 directions,
respectively, and Aa is the area of the a.-th element

NUMERICAL MODEL
We consider a spherical inclusion with radius d, which is referred to spherical coordinates
(r, cjl) as shown in Fig. I. The incident wave is a plane longitudinal wave traveling along the
XJ direction: ui=exp(ikLx 3 )e3 • The material properties of the inclusion are defined by
eifeL=1/..fi, V=V=l/4, Pfp=l, which imply that the inclusion is somewhat softer than the
matrix material
The spring stiffnesses (Rra, Rea , ~ per unit area are nondimensionalized to the forms
RraJRo. Rea/Ro. and R•a/Ro, where Ro= peL2/d, and for the present calculation we set

a,

SPa=RratRo=Rea/Ro=~a/Ro. Note that SPa may change from element to element. For an
element on a traction free crack face, we set SPa=O.

EXAMPLES
Figure 2 shows the general trend for the frequency dependence of the amplitude of the back
scattered field, when the insonified side of the inclusion is crack surface(SP=O). The spring
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Fig.l Spherical inclusion with radius d.
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Fig.2 Scattered field amplitudes lu3SI/Iull vs. wave number kLd.
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constants over the intact shadow side were chosen as SP=lOO. The three curves depict the
back scattered fields at three points: x3=-6d, -lOd, and -20d. In the near field(x3=-6d), rather
sharp peaks can be observed compared with the results for the perfectly bonded inclusion[4].
The top curves of Fig.3 show the absolute value, and the real and imaginary parts of u3S at
XJ=-2d- -40d for kLd=l.O, and for the case of a crack over the insonified side of the
spherical inclusion. The spring constants over shadow side are SP=5. For comparison, back
scattered results for three different types of inclusions of interphase conditions are also shown
in this figure. They are perfect bonding over the surface, a cavity, and a crack at the shadow
side. The thick arrows are attached to indicate points of the same phase. We can see that the
back scattered amplitude for the case of perfect bonding is very small as.compared with the
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Fig.3 Comparison of back scattered fields at kLd=l.O.
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other cases. For the crack at the shadow side, the phase is shifted about by rc/4 wave length.
Figure 4 shows the forward scattered fields. The arrangement of the figures is the same as for
Fig.3. Figure 5 shows the laterally scattered fields along the x 1-axis. For perfect bonding the
component lu3SI of the laterally scattered field is almost zero except for the vicinity of the
inclusion. The laterally scattered field amplitudes for the cracked interphase, shown at the top
and the bottom of Fig.S, are larger than for the case of a cavity. This may be due to tip
diffraction by the interphase crack.
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Fig.4 Comparison of forward scattered fields at kLd=l.O.
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Radiation patterns for three types of interphase conditions, namely, the cases of the
crack at the insonified side, perfect bonding and the cavity are shown in Figs. 6, 7 and
8, respectively. These radiation patterns were calculated based on the scattered field
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Fig.5 Comparison of laterally scattered fields at kt..d= 1.0.

representation in Eq.(l). The radius of the field point x was chosen as r/d =50. In these
figures, the left hand sides are the absolute values and the right hand sides are the real and
the imaginary parts of the scattered fields. The values are normalized by the maximum
value for each figure. Only the shape of the pattern has meaning in this case. The absolute
values lur I of the radial components (upper left corner for each figure) are generally in the
shape of egg. On the other hand, the absolute values lu,l of the polar components (lower
left corner) have different patterns, such as two leaves, four leaves, and butterfly shaped,
respectively, for the case of the half crack, perfect bonding, and the cavity. It appears that
is sensitive to the interphase
at some distance from the scatterer the polar component
conditions.
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Fig.6 Radiation pattern for the case of crack at insonified side.
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Fig.7 Radiation pattern for the case of perfect bonding.
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Fig.8 Radiation pa.ttern for the case of ca.vity.
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