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ABSTRACT

This study introduces a practical and simple solution for two major problems: (1)
predicting moisture movement and estimating the associated volume changes in
expansive soils, and (2) analysis of the interaction between a raft foundation and the
movemenis in the supporting expansive soils. The solution of these probléms are

accomplished through the development of two computer models.

A three-dimensional moisture diffusion and volume change model named SUCH
has been developed. The model SUCH is able to predict the distribution of soil suction
and the resulting volume changes in expansive soils with respect to time under a covered
area (i.e., raft foundation or pavements) when the supporting soil mass is subjected to
different edge conditions that commonly cause moisture changes (i.e., climate, trees, or
ponded water). The model SUCH has been validated against field data at four test sites in
different countries (i.e., United States, Saudi Arabia, and Australia) with widely varying
climatic and soil conditions. In each of these widely divergent sites, the moisture
diffusion and volume change model SUCH was shown to be valid. Using the new model
SUCH, a method for calculating the edge moisture variation distance is developed. The
results of the model analysis showed that different moisture barrier systems and the sand
cushion technique can be used to minimize the moisture and volume changes in the
supporting expansive soils. The model can also show the effect of either trees or ponded
water located adjacent to the foundation, either of which can cause excessive moisture

and volume changes in the supporting expansive soils.

A soil-structure interaction model called SLAB97 based on ‘the finite element
method has been developed for calculating the structural design parameters (1e.,
moments, shears, and deflections) in the raft foundation resting on expansive soils. The
new model SLAB97 requires only a statement of the initial soil suction conditions in the
soil mass and the changes in the boundary conditions to predict the response of the raft

foundations to these changes in the boundary conditions. The model SLAB97 overcomes



the major shortcoming present in all existing design procedures, namely the estimation of
the distorted mound shape. The model SLAB97 is capable of estimating the dirstorted
mound shape by considering the changes of soil suction distribution throughout the
supporting expansive soil mass and the resulting volume changes (shrink/heave) with
_respect to time under a set of different edge conditions that commonly cause moisture
changes (e.g., climate, trees, and ponded water). Most importantly, the user of the
SLAB97 does not need to prescribe the edge moisture variation distance and the
maximum differential movements as input values, as well as the locations of points not in
contact and the amount of the initial gap between the raft foundation and the subgrade at
these points. However, it does require an estimation of the worst expected boundary
conditions which may cause the worst soil suction distribution through the soil mass
under the raft foundations during the lifetime of the structure.” The new design methods
introduced in this study appears to be an improvement on all other design methods

presently available for design of raft foundation resting on expansive soils.

The new model SLAB97 provides guidance for minimizing the structural design
parameters (moments, shears, and deflections) in the raft foundation resting on expansive
soils by using different moisture barrier systems. The results of the model analysis
showed that either trees or ponded water located adjacent to the raft foundation can cause
an increase in the structural design parameters. Also, the superstructure load pattern is
considered an important parameter governing the values and the distribution of the

structural design parameters in the raft foundation resting on expansive soils.
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