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Most new buildings can be constructed on a typical shallow foundation system. But for
the approximately 5% to 10% of buildings proposed to be located on unsuitable soils, a
redevelopment site, or with extraordinary load requirements, a more complex solution is needed,
such as ground improvement or deep foundations. So, let’s dig deeper into the foundation
systems that support some of Ohio’s most remarkable buildings.
Shallow foundations are considered first.

Shallow foundations, often called footings, are used for the majority of projects and are the most economical
foundation system. Shallow foundations transfer building loads to the underlying soil and are most commonly
used where suitable bearing is present within a depth of 10 feet.
Shallow foundations are appropriate when the characteristics of the underlying soil can support the weight of
the proposed structure without risk of excessive settlement.
When initial soil borings for new construction reveal that shallow foundations cannot support the proposed
structure within acceptable settlement limits, engineers then look to fortify the building pad area using
practices referred to as ground improvement.

Successful ground improvement allows use of shallow foundations.

Ground improvement practices fortify the existing ground to allow for a higher bearing capacity while reducing
settlement to within a tolerable amount for the structure. Successful ground improvement allows for a shallow
foundation system to be used.
The three most commonly used ground improvements approaches for Ohio projects are two types of
aggregate piers—rammed aggregate piers and vibratory stone columns—and deep dynamic compaction.
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Each option is briefly described below.
1. Rammed aggregate piers (RAPs) are pre-drilled
columns, typically 24-36 inches in diameter,
that are filled with crushed stone aggregate
then compacted (rammed) in lifts. Columns are
typically installed in a grid to enhance soil bearing
capacity and reduce settlements. Geopier® is
the trade name for specific types of RAPs that
are engineered and installed exclusively with
Geopier’s® proprietary equipment.
2. Vibratory stone columns are another type of
compacted aggregate columns. A vibratory
element (up to 50’ deep) creates a column which
is filled and compacted using vibration. The result
is a dense column of crushed stone. Columns are
typically placed in a grid patten to support shallow
foundations.
3. Deep Dynamic Compaction (DDC) is the
process of systematically dropping a heavy weight
from a crane in a grid pattern across the area to
be improved to fortify the existing ground. The
applied energy forces settlement out of the soil,
Installation of Geopier® rammed aggregate piers.
resulting in densification of the in-place soil. DDC
creates a densified subsurface area where shallow
foundations and site improvements can be constructed. DDC has been used on sites with deep mine
spoils, former dump sites, urban redevelopment sites, and sometimes greenfield sites.

Deep foundations are necessary for
extraordinary high loads and/or unsuitable soils.
For structures with extraordinary loads or when soil
conditions are too poor to be overcome with ground
improvement methods, deep (or extended) foundations
are necessary.
Deep foundations are typically necessary due to:
• Heavy column and/or wall loads due to the height
and scale of the building and combined weight of
building materials

Deep foundations are required when there is heavyweight
manufacturing equipment, heavy column loads, or very strict
settlement tolerances because of automated equipment. For
example, a half-inch of foundation settlement would cause
racking to be thrown off by 6 inches on the eighth story of an
automated racking system.
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• Weight of equipment that will be housed in the
space, such as data center or manufacturing
equipment
• Very strict settlement tolerances because of
automated equipment that will operate in the space
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The four types of commonly used deep foundations are:
1. Caissons
2. Auger-cast piles
3. Driven piles
4. Helical (screw) piles
Each type is described below along with an explanation of typical applications.

First, a quick note about load-bearing capacity.

Soil bearing capacity has multiple factors that engineers consider when examining soils and designing
foundations. The two components relevant to the deep foundation load-bearing capacity are the end bearing
bottom of the deep foundation element and skin friction, which is the resistance created between the pile
sides/surface and soil interface. The longer the cylinder, the greater the surface or skin area on the side of the
cylinder. Skin friction plus end bearing equals load-bearing capacity.
1. Caissons are typically an end bearing element.
Simply described, both caissons and auger-cast piles are holes drilled in the ground that are filled with
concrete (sometimes referred to as grout). Caissons have a larger diameter and therefor provide more
end bearing when compared to auger-cast piles. This is particularly true where the caissons extend deep
enough to rest, or “end-bear” on bedrock. Caissons are typically 2-8 feet in diameter.
2. Auger-cast piles develop strength through skin friction.
In contrast to caissons, auger-cast piles primarily
develop strength by skin friction, which is the
resistance created between the side of the shaft
and the adjacent soils. To create more surface
area for increased skin friction/load bearing
capacity, auger-cast piles are typically extended
deeper. Hence, auger-cast piles are more
favorable where bedrock is not shallow. Augercast piles are typically 18-24 inches in diameter.
3. Driven steel piles include pipe piles and
H-piles.
Pipe piles are commonly used where bearing
capacity will be achieved primarily through skin
friction (piles will not be driven to rock) and
H-piles are used where piles will be driven to
end-bear on rock. Driven steel piles are useful for
An auger precast drill is visible on the left and a vibratory
certain applications where groundwater would be
rig installing a compacted stone column is on the right.
a problem during construction or along waterways
and shorelines. Hence DOTs have long since
favored driven piles for bridge support. However, due to the rising high cost of steel, risk of diesel fuel
overspray from installation equipment contaminating the site, and much slower production rate compared
to auger-cast piles, private developers usually choose other deep foundation options if possible.
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Helical piles are suitable for lighter loads.
Helical piles, also known as screw piles, have a central steel shaft (typically in 5-foot
long segments and bolted together) with attached helical bearing plates on the bottom
shaft. They are installed by rotating or screwing them into the ground until a prespecified rotary resistance is obtained. Helical piles are not commonly used for heavy
loads due to buckling concerns. They are typically used for lightly-loaded structures such as small,
single story structures and pedestrian bridges where suitable bearing is 10’ or deeper in depth. Helical
piles can also be installed as a forensic measure next to an existing building that is settling, and help
jack the building back into place.

Include schedule impact and mobilization factors when comparing deep foundations costs.

In terms of construction costs, shallow foundations are the least expensive to install, followed by ground
improvement with shallow foundations. Deep foundations typically have higher construction costs, but there
are schedule impacts and mobilization factors to consider, such as:
•

Caissons and auger-cast piles will have spoils that must be removed from the site.

•

Helical piles can be installed with small equipment (e.g., a backhoe) with mobilization costs about
10% that of the equipment needed for Geopiers® or auger-cast piles.

•

Driven steel piles can bear weight immediately, but the daily production rate compared to auger-cast
piles is much slower (12-20 driven steel piles installed per day versus 50 per day for auger-cast piles).

Deep foundations minimize settlement.

For high-rise towers, sports stadiums, manufacturing facilities, data centers, other buildings with excessive
weight, or structures constructed on less-than-suitable soils, deep foundations provide the necessary support
to minimize settlement.
To learn more or discuss ground improvement and deep foundation options for your project, contact:
Todd R. Meek, P.E., LEED AP - tmeek@gci2000.com
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