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Introduction

One of the important concerns in foundation engineering is the estimation of vertical
stress distribution in the soil mass due to a surface load. In this case, the main
interest lies in obtaining the stress profile beneath the surcharge and controlling
the stress level a given soil element will experience.

The theory of elasticity is often used by foundation engineers to calculate stresses
in the soil mass. Solutions to this problem have been obtained by Boussinesq (1885),
Newmark (1935), Westergaard (1938). These solutions have been presented in the form
of influence charts, among the more common of which are the ones proposed by
Westergaard (1938), Newmark (1942), Leonards (1962), Peck et al. (1974).

Layered Elastic Systems

In the case of layered soil where differences in modulus of elasticity are marked,
solutions other than the above are required. Such solutions have been obtained by
Burmister (1943,1958,1967) who developed expressions and provided graphical results
for stresses in two and three layered systems under a circular loaded area, Acum et
al. (1951) who also provided graphical solution techniques, Harr (1966) who gave
detailed expressions for the computation of stresses due to various surface loads,
Poulos et al. (1974) who provided numerical as well as graphical solution charts for
multilayered soil and rock masses.

It is also desirable to obtain solutions for the stress distribution in a soil or
rock mass with a non-uniform elastic modulus profile as well as a combination of a
layered system and non-uniform elastic medulus profiles. Such a solution can be
obtained by numerically integrating the governing differential equation and in the
following, this will be further explained.

Spreadsheet Solution of Stress Distribution Problem

The governing equation for the problem is obtained by combining the equilibrium,
compatibility equations, Hooke's law and Airy's stress function in plane strain. The
resulting equation contains the biharmonic equation as well as a term which accounts
for the variation of the elastic modulus in the vertical direction. For uniform E
this term reduces to zero.

The governing equation is solved by the finite difference method which is
particularly well suited for spreadsheet applications. The use of a spreadsheet such
as the Lotus 1-2-3 eliminates algorithmic programming and provides the flexibility
and the spotaneity necessary for enginnering judgment. The governing equation is
typed in one cell and copied ‘into all other cells which make up the domain. The
solution domain is visually created, each cell becoming a node on the finite
difference grid which can be viewed on the screen and can be adapted to the geometry
of the problem. This permits the analysis of irregularly shaped solution domains as
easily as regularly shaped ones. The boundary conditions and the surcharge are also
contained in cells, located at their "natural” locations with respect to the solution
domain. The assignment of a Young's modulus for each node permits the handling of any
kind of modulus distribution in the soil mass, including voids and perfectly rigid
regions. These regions are also at their "natural" locations in the domain.

In the present study, solutions for a soil with a decreasing E with depth and a soil
with an increasing E with depth are obtained and compared with the stress
distribution in a soil with uniform E with depth (Fig. 1)
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