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SYNOPSIS

A finite-element method is proposed to study the propa-
gation of waves generated by man-made blasts in underground
media. An infinite medium having a buried source with six
types of forcing functions, and a semi-infinite medium, with
or without layers, having the source either on the surface
or buried, are evaluated.

INTRODUCTION

Mathematically the wave-propagation problem is an ini-
tial-value problem. It is approximated to a boundary-value
problem by considering the conditions initially for the whole
region and after a time interval At for the region which is
yet to be traversed by the wave. The present formulation is
based on a variational principle in which an energy functilo-
nal, based on the displacement model, is defined. The expre-=
ssions for the potential and kinetic energies are evaluated
in terms of the admissible known functions to define a single-
valued scalar energy functional, the varistion of which in a
given time-domain for a constrained conservative system under
s dynamic loading, attalns a stationary value leading to the
well-known integro-differential equations for the system.
The shapes of the elements to suit the geometry of the struc-
ture are selected and these are annular spherical-sector, annu-
lar cylindrical-sector, and the triangular, as shown in Fig.1.

FORMULATION

The governing equations of motion in final form are
obtained by considering the variation of Lagrangian, L,
which is the total energy of the system

L = T=(V+0 eee (1
where T 1s the total kinetic-energy, U is the total strain-

energy and V is the potential-energy of the external loads.
For an annular spherical-sector element the strain-energy is,
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The kinetic-energy is Tgp = -%-f{’f(ﬁ)z r2 dr @8 4@ .. (3)
and the potential-energy is Vgp= - (f [p(r,0,0) u]raedp (4)

where u, v, w denote the displacements of a point in r, © and
z directions, respectively, in cylindrical-polar coordinates,
or in r, © and @ directions, respectively, in spherical co-

ordinates.
And E' = E/(1+») (1-2D) cee (5)

where E 1is the modulus of elasticity, » is the Poisson's
ratio and ¢ is the mass density. Equations for energies for
an annular cylindrical-sector element can also be derived as
above. The variation of the Lagrangian, L, gives the equa-
tion of motion as

M {x} + [K] {x = {p} cee (B)

where [M] is the mass matrix, [K] is the stiffness matrix and
{x} is the acceleration vector, {x% is the displacement vec-
tor and {p} 1is the load vector. he displacement function
assumed for an annular spherical-sector element is,

U= oy + 0y I N ))

while for an annular cylindrical-sector element are,

i

U=oag +ayr+0a36+agre .o+ (82)

]

V=ag + a4 +ag 0 +agr e ... (8b)

Stiffness matrices for the snnular spherical-sector element

and the plane-strain annular cylindrical-sector element are
evaluated following a standard procedure.

For deriving the lumped-mass matrix the interpolation
function @ is assigned a unit value over an area contributing
to that particular node and zero values elsewhere. The exp-
ression for the pressure generated due to explosives.is gene-
rally assumed as of an exponential form.

The governing equations of motion are solved using a
step-by-step numerical integration procedure based on the
assumption of a linear variation of acceleration between any
two consecutive time-intervals. The time interval At should
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be such that the successive cycles of iteration converge and
the resulting solution is stable and accurate. Wilson (1)
and Lysmer (2) recommend At { 0.10 Ty, where Tg is the sho-
rtest period of free-vibration of the structure. In wave
propagation problems it is neither possible to find out the
shortest period of vibration of the medis, nor it is easy

to obtain the shortest period of the wave in advance. Hence
a convenient way to know whether the time-interval 1s su-
fficiently small to give numerical stability and the desired
degree of accuracy is to attempt different time intervals
and compare their results.

NUMERICAL WORK

The numerical cases considered are : (i) comparative
study of the wave propagation in an infinite wedium by a
classical method and by finite-element technique, assuming
a spherical cavity and having the following types of shock
loadings.

p(t)

Po» P() = p, e %%/2, p(t) = pg eV2 Ot

0

Po(1-e""U/2) | p(ty = p (1-e¥/2 ®Y) | ana

(ii) propagation of stress-waves due to shock in semi-infi-
nite medium with and without layers, and having surface/bu-
ried sources, (iii) influence of variation of depth of bu-
ried-source on the propagation of waves, (iv) evaluation of
stress-fields developed in the media for all such cases.

NUMERICAL RESULTS

The displacements and stresses are found to converge
rapidly as the element size is reduced. The time-interval
and the velocity of wave propagation automatically fixes the
one dimension of the element parsllel to the direction of
wave-propagation. These numerical results, shown in Figs. 2
confirm that the finite-element method predicts very satis-
factorily the displacement-time histories.
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DISCUSSION

D. Costes (France)
Is the perturbation, emitted in the half space by an

hemispheric source, in dynamics or statics,; given by a
classical theory ?

Author's Closure

Not received.
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