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ABSTRACT

A case history is presented, in which, a mat foundation enhanced with settlement-
control piles was used to support a high-rise building in Downtown Orlando with
substantial load variability and a maximum column load in excess of 13 MN. The
original geotechnical studies recommended auger-cast-piles to support the tower and
parking due to difficult soil conditions and highly variable loads. A value engineering
study was performed by the authors. After few iterations of structural and
geotechnical analysis, a mat foundation was recommended, however, the structura
analysis resulted in unacceptable contact pressures around highly loaded columns and
edges of the tower portion. The authors recommended adding settlement-control
piles to increase the mat stiffness, relief the concentration of contact pressures, and
reduce potential differential settlement. A Pile load test was performed on the
settlement-control piles. The results of the monitoring program confirmed that using
settlement-control piles relieved the high contact pressures and helped reduce the risk
of differential settlement. Cost wise, the system resulted in saving of more than $1.0
million over deep foundations and about 120 construction days.
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INTRODUCTION

Previous experience of the authors in Downtown Orlando showed the subsoil consists
of about 7.5 m of loose to medium dense fine sands with minimal silty and clayey
fines underlain by medium silty fine sands to about 15 m. The following layer is a
soft to medium clayey fine sand and sandy clay to about 25 m. The clays of the
Hawthorn group, which consist of sands, clays, silts, phosphatic sands, shells, and
impure weathered limestone and usually of very stiff to hard consistency, starts at
about 25 m and extends to 45 m followed by the limestone of the Ocala group to
about 60 m underlain by limestone of the Avon Park group. Figure 1 shows typical
subsoil and groundwater conditions in Downtown Orlando, Florida.



The author previous experience, which span more than 50 years in performing
geotechnical explorations and foundation studies for most high-rise buildings in
Downtown Orlando, suggests that for column loads up to 5000 kN to 5500 kN,
shallow foundations, in the form of spread/combined footings, designed using a net
allowable bearing pressure of 200 kPa to 250 kPa, provide tolerable total and
differential settlements. For column loads of about 5500 kN to 6500 kN, continuous
footings usualy in one direction and sometimes in both directions have performed
well. For column loads of 6500 kN to 9000 kN, continuous mats at average and
relatively uniform contact pressures of 120 kPa to 170 kPa have provided cost
effective foundation support alternative. A mat foundation offered additional
economical advantage for buildings of one or more 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. Foundation soil improved using vibro-compaction, vibro-
replacement stone columns, geopiers, soil mixing, or similar techniques may be
utilized for relatively high loads since they provide higher bearing pressures than
those usually recommended for shallow foundations for comparable total and
differentia settlements.

Figure1l. Typical subsoil and groundwater conditionsin Downtown Orlando



Beyond column loads of about 9000 kN, deep foundations in the form of driven
or auger-cast-in-place displacement or replacement piles were usualy utilized and
proved to have an economical advantage. Historically, 0.35 m square pre-stressed
concrete piles with embedment length of about 24 m to 28 m, have provided
compression capacities of about 900 kN to 1300 kN, with less than 0.012 m pile head
settlement under a test load of twice the capacity.. Driven steel piles (H or pipe
sections) usually have not been used for buildings, however, they were occasionally
utilized for highway bridge structures. The old “Raymond” driven stepped steel shell
was also utilized for older towers. For Augered-Cast-In-Place (ACIP) piles, the most
common size is 0.4 m diameter, with 0.46 m diameter used less frequently and 0.6 m
diameter seldom used. For relatively high axial design capacities in the order of 900
kN to 1100 kN and for typical embedded Iengths from a cut-off of about 3 m below
ground surface, pile lengths were between 22 m to 25 m. Based on results of
appreciable static pile load tests performed over the years on piles being embedded
about 20 m to 25 m, it has been found that, in most cases, the piles derive most of
thelir resistance from side friction as opposed to tip or point bearing.

GEOLOGY OF ORLANDO

Orlando is located in Orange County, which is in the north-central part of peninsular
Florida, east and southeast of the crest of the Ocala Uplift. The area is underlain by
extensive deposits of Eocene age carbonates covered by younger dolomite, limestone,
sand, clay, and shell beds. The dissolution of limestone and the marine processes are
the dominant forces responsible for the development of the surface features observed
in the County.

The general geology in this part of Orange County is characterized by over 15 m
of undifferentiated fine to medium grained sands and clayey sands overlying the
Hawthorn Group of Formations (Hawthorn). Undifferentiated sediments in this part
of the County consist mainly of marine terrace deposits. The marine terrace deposits
consists mostly of 1oose unsorted quartz sand with varying amounts of organic matter
and occasional seams of clay. These sediments are generally thought to have been
deposited during interglacial times of the Pleistocene ice age when sea level was
higher than it is at the present. The Hawthorn Group is a highly variable, diverse,
lithology that includes interbedded and interfingering sand, clayey sand, sandy clay,
phosphatic sediment, dolomite and limestone. The Hawthorn Group is encountered at
depths ranging from about 15 m to 30 m below grade. The Hawthorn is underlain by
the Ocala Group limestone formation of Upper Eocene.

The Ocala Group contains the Crystal River, Williston and Inglis Formations of
the late Eocene age. This limestone is described as a sedimentary deposit of very fine
to fine grained, is chalky and porous and has a cream color. These limestone units
contain many large foraminifera and abundant mollusks. The surface of this
limestoneisirregular because of dissolution of the [imestone.

The upper weathered surface of the underlying limestone in this area of Orange
County is about 50 m below existing ground surface and is reported to extend to
depths greater than 90 m.



PRESENTED CASE HISTORY
L ocation and Description

The project site is located at the south shore of Lake Eola in Downtown Orlando,
Florida. The development included a 16-story mixed-use Z-shaped tower connected
to a4-level parking structure that is covering the entire footprint of the site. Both the
garage and tower footprint have a full below-grade garage level. The provided
structural drawings showed substantially variable column loads in the order of 6700
kN to 15000 kN. The basement finished floor is at elevation +26.00 m, NGVD,
which is about 3.7 m below street grade.

Original Geotechnical Engineering Studies

The project site was the subject of few geotechnical studies prior to the authors
involvement in the peer review and value engineering study. Previous studies
included:

1- A geotechnica exploration study for a high-rise building and parking garage
dated 17 October, 1997, which was performed for 10 to 12-story building with loads
in the range of 3100 kN to 3550 kN. Five Standard Penetration Test (SPT) borings
were performed to a depth of 30.5 m. The laboratory tests included 18 percent fines
and 2 Atterberg Limit tests. Settlements in the order of 0.076 m to 0.1 m were
estimated, which excluded the shallow foundation option. The report recommended
using pile foundations of 21 m to 27.5 m length and of 0.36 m to 0.6 m diameter with
carrying capacities of 660 kN to 1250 kN.

2- A supplementary geotechnical exploration study for a 25-story apartment
building dated September 22, 1998. Two SPT borings were performed to a depth of
about 46 m. The laboratory tests included 18 percent fines and 5 Atterberg Limit
tests. The report recommended using pile foundations of 24 m to 41 m length and of
0.3 mto 0.6 m diameter with carrying capacities of 560 kN to 1900 kN.

3- A geotechnical exploration study for a 16-story mixed-use building with
subterranean garage dated November 22, 2004. Four CPT soundings were performed
to depths of 22.5 m to 28.5 m. The report recommended using either spread footings
supported on soil improved by Stone Columns designed using allowable pressure of
336 kPa or deep foundations in the form of ACIP piles.

4- A final geotechnical exploration study for 16-story mixed use building with
an underground parking garage (four stories of retail and 12 stories of residentia
apartments) dated August 15, 2005. Maximum column loads were in the order of
8500 kN to 13600 kN for interior and exterior columns of the tower portion and 3500
kN to 5800 kips for the garage portion. Four SPT borings were performed to depths
of 28.5 m to 30.5 m and five CPT soundings were performed to depths of 22.5 m to
25.5 m. The laboratory tests included 22 percent fines and 2 Atterberg Limit tests.
The study excluded conventional shallow foundations due to intolerable settlement.
Pile foundations in the form of ACIP piles were recommended. For a19.2 m net pile
length, capacities of 1280 kN, 1960 kN, and 2710 kN were recommended for 0.4 m,
0.5 m, and 0.6 m diameter ACIP piles, respectively. The tension capacity of the piles



