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A case history of utilizing a mat foundation enhanced with “settlement-control”
piles to support a high-rise building in Downtown Orlando is presented. Original
geotechnical engineering studies, performed by others, recommended pile
foundations due to difficult soil conditions and highly variable loads. The value
engineering study performed by the authors provided alternative foundation
system of the mat foundation enhanced by “settlement-control” piles. The
alternative foundation system required few iterations of structural and
geotechnical analysis. A target stiffness for the settlement-control piles was
selected by the structural engineer. Pile load tests were performed to verify the
recommended pile geometry. A total of 81 auger-cast-in-place settlement-
control piles 45-foot long 16-inch diameter were installed. A total of 24 columns
were monitored for settlement, which showed substantially less settlement than
predicted. It is the authors’ opinion that the “settlement-control” piles increased
the mat stiffness, relieved the concentration of contact pressures around heavily
loaded columns, and reduced potential differential settlement. Mat foundation
with settlement-control piles provided border-line foundation solution between
shallow and deep foundations and has the potential to be widely used in Central
Florida for similar subsoil and loading conditions; however a thorough analysis
using three dimensional Finite Element Modeling may be needed to refine the

geotechnical evaluations.
Introduction

Extensive  subsoil explorations performed
Downtown Orlando, Florida, revealed that the
subsoil consists of 20 to 25 feet of loose to
medium dense fine sands with minimal fines
underlain by medium silty fine sands to about 45
to 50 feet followed by a soft to medium clayey
fine sand and sandy clay to about 80 feet. The
clays of the Hawthorn group, which consist of
sand, clay, silt, phosphatic sand, shell, and
impure limestone and usually very stiff to hard,
starts at about 80 feet and extends to 150 to 160
feet followed by the limestone of the Ocala
group to about 200 feet underlain by limestone
of the Avon Park group. Figure 1 shows typical
subsoil and groundwater conditions in
Downtown Orlando, Florida.

The author’s combined 50+ years of experience
in foundation studies for most high rise
structures in Downtown Orlando suggests that
shallow spread footings designed using a net
allowable bearing pressure of 4 to 5 ksf provide
tolerable total and differential settlements for

column loads up to 1200 to 1300 kips. For
column loads of about 1300 kips to 1500 Kips,
combined footings usually in one direction and
sometimes in both directions have performed
well. For column loads of 1500 to 2000 kips,
continuous mats at average and relatively
uniform contact pressures of 2.5 to 3.5 ksf have
provided cost effective support particularly for
buildings having a full basement level below the
natural ground surface, especially when the
basement floor is several feet below the water
table, in which case, a water tight mat and
basement walls will be needed regardless of the
foundation type. Beyond column loads of about
2000 kips, deep foundations in the form of
driven or auger- cast-in-place displacement or
replacement piles are usually utilized.

Historically, 14-inch  square pre-stressed
concrete piles with embedment length of about
90 feet, have provided design capacities of
above 100 to 150 tons, with less than 0.5 inch
pile settlement under a test load of about 300
tons. Driven steel piles (H or pipe sections)



