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domain (z = 0.5 m and » = 1.5 m in Figure 4) for different
values N and N, are calculated and shown in Table 2. It
is concluded when the radial exponent is increased, the
maximum values of radial stress are increased up to 12%. The
variation in the value of axial exponent (V) has a negligible
effect on the dynamic behavior of radial stress.

Table 2. The maximum of radial stress at the center of domain
(z=0.5m and r = 1.5 m in Figure 4) in various factor of fgm

Nr
%om) 0 0.3 0.6
0 4.33e+5 4.61et+5 4.88e+5
N 0.3 4.34e+5 4.62e+5 4.89¢e+5
0.6 4.35e+5 4.63e+5 4.89e+5
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Fig. 7. The radial displacement time histories at node 1 for
various 2D-FGM two dimensional radial displacement wave
propagation for A) N, =0,N, =0,B) N, =0.3, N =0.3,

C) N,=0.6, N, = 0.6 at various times
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The values of radial displacement of two different nodes in
various factors of FGM at two times are calculated in Table
3. Accordingly, when the radial and axial exponents are
increased, the percentage of difference of radial displacement
between the two points is increased. It should be noted that
the difference in displacement will decrease, as time passes
and the wave front reaches all the points of the domain.

Table 3. The percentage of difference of radial displacement at
two points in various factors of fgm in two different time

The percentage of
u,(m) N=N, z:)is c (1)2 diffe.l}:ence of radial
displacement

0 2.85e-6  5.13e-7 82
t=0.0003 0.3 3.40e-6  4.18e-7 87
0.6 3.93e-6  3.25e-7 92
0 7.67e-6  2.85e-6 62
t=0.0005 0.3 9.22e-6  2.88e-6 68
0.6 1.08e-5  2.90e-6 73

Figure 8 depicts the distributions of radial stress in the
homogenous porous material along r direction at the various
time instants for z = 0. It is evident that the stress wave
propagates with finite speed through r direction. The velocity
of stress wave propagation is dependent on the assumed
mechanical properties of the porous field. In this figure,
the radial stress wave front can be tracked at various time
instants. Also, the wave fronts of radial stress can be observed
in three dimensional graphs for homogenous porous material
at different time instants in Figure 9.
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Fig. 8. The distributions of radial stress along radial direction
at the various time instants

6- Conclusions
A meshless technique based on the MLPG method with
heaviside step function as the weight function is employed
to investigate the effects of the material gradation on
displacements and stresses wave propagation in the porous
medium around the borehole, which is subjected to the shock
loading. For this purpose, two dimensional exponential
grading patterns for the shear modulus, coupling parameters
between the solid and fluid and permeability are considered
in the excavation disturbed zone. To interpolate the fields’
variables in terms of its nodal values, the radial point
interpolation method (RPIM) with radial basis function
(RBF) is used. The main results of the presented research can
be summarized as follows:
*  The MLPG method shows that it is a very effective
method with a high accuracy for stress and displacement
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Fig. 9. Two dimensional radial stress wave
propagation for N =0, N =0 at various times
A) £ =0.0002 sec, B) = 0.0003 sec, C) t = 0.0004 sec

propagation analysis of saturated porous materials with
one and two directional grading patterns.

*  The effects of various grading patterns on the dynamic
behaviors of displacements and stresses are obtained and
discussed in detail.

*  Thevariation in the value of radial exponent (V) has more
effect on the dynamic behavior of radial displacement
and radial stress compared to the variation in the value
of axial exponent (V).

* By increasing the value of the exponent, the wave
propagation speed is decreased but the values of radial
displacement contours are increased.

e The stresses and displacements wave fronts are tracked
in two dimensional domains for various grading patterns
at different periods of time.
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