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Introduction

HE solution for displacement due to a point load acting on a semi-infi-

nite mass is available in literature [Timoshenko & Goodier, (1951)].
This solution has been extended to include distributed loads over circular
and rectangular areas [Timoshenko & Goodier 1951, Harr (1966)], by
superposition. These solutions are based on the assumption that the
modulus of elasticity of the mass is constant with depth. But, in soil
mechanics problems, one usually encounters with soil mass (which is
usually assumed to be as an elastic-half space), where the modulus of
elasticity E, increases with depth. It has been shown that ir cohesionless
soils, that the modulus of elasticity is proportional to the depth below
the surface of the ground [Adrian Pauw (1952)]. Experimental results
indicate that the elastic properties of a soil are a function of over
burden pressure and the modulus of elasticity vary linearly with
depth (Richart, Hall and Woods 1970). In the present investigation,
the basic equation for displacement is modified to include the variation
of E with depth linearly and an expression has been obtained for
a point load P, acting on a semi-infinite mass. The other assumptions in
deriving the basic equation remains unaltered.

Analysis

If a point load ‘P’ acts on a semi-infinite mass, then the displacement
component can be obtained from (Timoshenko and Goddier 1951)
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where r=Radial distance from the origin=+/x*1 2

z=Depth below the surface
v=Poisson’s ratio

w=Vertical displacement.
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FIGURE 1 (2) : Variation of modulus of elasticity with depth Z.

If itis assumed that E varies linearly with depth Z as shown in

Figure 1 (a), then the modulus of elasticity can be expressed as a function
of depth Z as

E(z)=B(h+2) we {2)

Here, { is the rate at which the modulus increases with depth and A=E,/p
where E, is the modulus of elasticity at the surface. Introducing Equation
(2) into Equation (1), the following expression is obtained.

ow P z

‘52“—,{@'[ A 2 izt

—BH(1—2)} G- (A2yn ] s (3




ELASTIC SURFACE SETTLEMENT IN SAND 371

wehjo

FIGURE 1 (b) : Surface settlements under concentrated load.

Integration of Equation (3) with respect to Z and letting Z=0 and re-
arranging the terms, gives the following expression for displacement.
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where m=r[h

Plot of the Equation (4) is shown in Figure 1 (b), where the ratio
r/k is plotted against (wBA% P). It is interesting to note the bulging of the
surface at distance of r/h=0.54 for v=0.5 and at r/h=0.8 for v=0.0. The
values of B, v and E, must be determined experimentally, preferably by the
use of dynamic soil tests in the field. [Adrian Pauw (1952)]. The settlement
obtained from Equation (4), is less than that obtained from Boussinesq’s
equation, where E is constant with depth.

Conclusion

~_ An expression for displacement due to a point load acting on semi-
infinite mass with modulus of elasticity varying linearly has been derived
and presented.
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