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Abstract
The project aims to rigorously study the
bearing capacity of foundations on layered

employing a finite-element limit analysis.
The study 15 expected to benefit the design of
foundations, pavements and the prediction of
aircraft ground operation by providing
rigorous upper bound solutions.

In literature, most efforts were made to
estimate the bearing capacity corresponding
to vertical loads. However, few studies were
concerned with inclined, eccentric loading
conditions and, if any, focused only on
problems involving homogeneous media due
to the difficulties in assuming an appropriate
failure mechanism or the computation while
dealing with layered media under general
planar loads. In this project, we applied the
upper bound theorem of limit analysis to give
reliable upper bound seclutions to the
concerned problems. First, we treat the
problem by using nonlinear programming
method. Followed, the
converted to a matrix-vector form by a
Finally, a

problem was
finite-element  discretization.
general algorithm is utilized to seek the least
upper bound to approximate the true solution
by solving the resulting optimization
problem.
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The mathematical modeling of our general
problem are depicted as follows;

A. Lower Bound Formulation
The problem maximizes the load
factor under constraints of equilibrium
equations, static boundary conditions and
the von Mises yield criterion is

maximize A(o)

subjectto V-o+7=0 inD
c-n=Af on 5D,
o-A=g, on &0,
flofl,<c inD
where

8D, =8D,+68D,

15,8

1 1= 555

and £ is body force, T is the scalable
distribution of the traction vector induced
by footing on &7, with the load factor

A being the lower bound functional
AMa) , ¢, 1s the internal pressure

applied on the boundary D,

The constrained problem is to seek the
maximum load factor A representing
the action of a footing. However, if the
maximum load factor A =0, then we
attain the collapse condition
corresponding to the loading. This
problem can also be interpreted as a
statement of an elasticity problem if the
convex constraint condition on stress
tensor, . || o || < ¢, is not violated. Further,

this problem is a convex programming
problem. To resort to displacement- or
velocity-based finite-element methods,
we transform the lower bound
formulation to the upper bound
formulation as below.

B. Upper Bound Formulation
Equilibrium  equations can  be

expressed alternatively in a weak form as
jDa-(v-a+ FdA=0

Integration by parts gives
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After some manipulation, we may rewrite
the above equation as

Am%mmg=
[Da:édA—j'Dﬂ-}'dA-jﬂDﬂa@ds

Where £ is the strain rate matrix. Since
# appears homogeneously and linearly
in the above equation, we can scale %
to normalize the equations such that

LD #-tdS=1 on 8D,

Now by aid of the generalized Holder
inequality(Yang, 1991a), we have the
inequlity in plasticity

(o €Il ol )l € lay

where |-, is the dual norm in relation
to the primal norm |- | ,,.

Thus 1t is not hard to show thatA(c) is
bounded above by A(#) and our problem

can be reiterated as the upper bound
formulation in the form of a constrained
minimization problem as

Minimize A(%)
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