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- ABSTRACT

Displacement-time histories are presented in this paper for

Lamb's point load problem.

1This paper will be submitted for publicatiom to the Journal of

Applied Mechanics. The author is indebted to Miss Edith Corlette

for performing the numerical calculations.
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INTRODUCTTON

The author and Miklowitz [liB‘obtained an exact solution for
Lamb's point load problem (point force with step time dependence
acting normal to the surface of a homogeneous, isotropic, linearly
elastic half-space) in integral form for the interior of the half-
space (see Egs. (84)-(88) of [1]). This solution was evaluated
numerically on an IBM 360/65 computer and the results are presented
here as displacement-time histories.

Di Maggio and Bleich {27 have shown by using a reciprocal theorem
that the time history of the vertical interior displacement for Lamb's
point load problem can be obtained from the numerical results of
Pekeris and Lifson [3] for the vertical surface displacement due to a
buried point force acting normal to the surface of the half-space. To
obtain the time history of the horizontal interior displacement in this
way one needs the time history of the vertical surface displacement due
to a buried tangential point force, However, these latter results are
not available, The time histories of both displacements for Lamb's
point load problem have been given by Pekeris [4] for the surface of
the half-space and by Eason [5] for the interior of the half-space
behind the equivoluminal wave front. Here, both displacements are

shown for the interior of the half-space and for all time,

NUMERICAL RESULTS

The results are presented in Figs, 1-3, where the dimensionless

displacements v, and v, are plotted as a function of the dimensionless

3Numbers in brackets designate References at the end of the paper.
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time parameter T for various rays in the half-space, The notation

used here is related to that in [1] by

e, =9, (G=rn 1=

TP

o= (2 +29% |, ¢ =tan" (E) , (0S¢ =m/2)

where u and u_ are the dimensional displacements and t is the di-
mensional time parameter. It should be noted that the magnitude of
the point force has been taken as one,

The computations were done for the Lamé constants A and W being
equal, or equivalently, Poisson's ratio equal to 1/4. Therefore,
neither of the body wave speeds ¢y Or ¢ was explicitly determined,
but rather just their ratio, through £ = cd/cs = »/3. Further, p is
undetermingd, which.means that every station along a fixed ray sees
the same form of response,

The wave geometry is shown in Fig, 1, where the letters d, s,
sd, and R are used to designate the dilatational wave, the equivo-
luminal wave, the head wave, and the Rayleigh wave, respectively.
These letters are also used in Figs. 2 and 3 to designate the ar-
rival of the waves. For A = i the dilatational wave arrives at T = 1,
the equivoluminal wave at T = £ ~ 1.73, the head wave at T = sin ¢ +
,\/2- cos ¢, and the Rayleigh wave at T ~ ”].7.89.7

The vertical displacement is shown in Fig, 2., Positive values

of v, correspond to downward displacements of the half-space and

negative values to upward displacements, For each value of ¢ the



.

vertical displacement suffers a jumb discontinuity4 at'the arrival
of the dilatational wave, which is the first disturbance to arrive
at a station. The jumb decreases as ¢ increases, vanishing as

¢ — 90 deg. At the arrival of the equivoluminal wave the vertical
displacement is continuous for ¢ = 0 deg, it suffers a jumb discon-
tinuity for ¢ = 30 deg, and it has a logarithmic infinity for ¢ = 60,
85, and 89.5 deg. However, the logarithmic infinity vanishes from
the response as ¢ = 90 deg. At the arrival of the head wave the
Vertical displacement is continuous, but the curves are marked by a
change in slope. TFinally, near the surface of the half-space the
effects of the Rayleigh wave become apparent as shown in the curves
for 85 and 89.5 deg.

Similar results are shown in Fig. 3 for the horizontal displace-
ment, No results are shown for ¢ = 0 deg because the horizontal
displacement vanishes in this case. Positive values of v corre-
spond te outward displacements of the half-space and negative values
to inward displacements,

The results shown here are consistent with those in [2-57.

4The displacements were evaluated analytically (in closed form)
at the wave fronts in [1] and those results were an aid in interpret-
ing the numerical results near the wave fronts,
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Fig.1—Lamb's point load problem
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Dimensionless displacement, Vy

Dimensionless displacement, V.
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Fig.3—Horizontal displacement versus time
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