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Damped Sway Foundation System

Background

Buildings exposed to earthquakes are subjected to lateral oscillations that impose lateral
inertia forces. Those inertia forces in turn cause the building to deform laterally. If the lateral
deformations in a building are very small, it may be that no damage will occur. Vertical
oscillations occur also, but these typically do not cause much distress for most buildings. For
buildings located in the vicinity of a major earthquake, the lateral deformations are usually large,
and significant amounts of damage are common. For buildings that have little earthquake
resistance, collapse or partial collapse is a threat, even for small buildings.

Objective

The objective of the Damped Sway Foundation System (DSFS) is to create an economical
foundation system for small residential and commercial buildings that is capable of reducing the
earthquake demand forces and deformations in the structure itself. The idea was conceived
specifically for application to small residential buildings, but it is equally applicable for other

types of occupancies.

Applicability

The DSFS is ideally suited for application to small free-standing buildings. The DSFS
is specifically applicable to buildings of relatively light weight wood frame or steel frame
construction. The DSFES is applicable for buildings as tall as three stories and possibly more,
pending further research. There is no real limitation of the foot-print size of a building with
DSES, but, to allow room for the sway space, the building must be free standing with
approximately 6 inches to 12 inches (15 mm to 30 mm) of clearance from adjacent structures.

Method

Seismic isolation was originally conceived as a means of laterally disconnecting a
building from the ground. Indeed, if a building is resting on a frictionless surface, it will not
realize any lateral force during an earthquake. However, if a building is resting on a frictionless
surface, it would go sailing down the street on a windy day. As a practical matter, therefore,
the ideal foundation system for isolating earthquake motion must provide sufficient lateral
resistance to handle lateral wind forces, as well as vertical gravity forces.



The DSFES includes steel elements that carry vertical gravity loads. The elements also
provide the flexure to facilitate lateral isolation of the building. In addition, fluid viscous
dampers are included in the DSFS to reduce lateral drift in the steel elements.

The development of the DSFS has involved substantially more than the mere installation
of dampers with steel elements. The developers of this system have identified the soil, steel
element, damper and building parameters that need to be considered in a DSFS design to
facilitate tuning the system so that the system as a whole responds favorably in the event of
earthquakes of varying intensities and shaking characteristics. Computer programs have been
developed to establish the damper and steel elements characteristics required to achieve the
desired tuned response of the system.

Fail safe sway limiting provisions are also included as part of the DSFS. In the unlikely
event that the dampers are overwhelmed by particularly severe ground motion, the sway limiters
will gently stop the building. The sway limiters also serve to satisfy any regulatory official’s
concern over the departure from the normal strength-based fixed-to-ground foundation design.

Functionality

The steel elements, which are easily deflected laterally, effectively isolate the building
from lateral earthquake ground motion. This substantially reduces the lateral forces imparted
to the building. Therefore the lateral deformation in the building, and damage, are reduced
significantly. The dampers are a necessary and integral part of the system. They serve to
reduce the lateral deformation in the steel elements while also reducing the lateral force imparted
to the building. The use of dampers is the most effective way to reduce lateral deformation
without increasing the forces in the building superstructure.

Economics

Bottom line cost is always important. Thus, although the greatest value of the DSFS is
realized through life-cycle cost, initial construction cost was a main goal in this development.

Use of the system can produce considerable initial cost savings, especially for structures
where site conditions would require a high cost pier and grade beam foundation. The DSFS
requires very little disturbance of the ground. The structure rests on a platform which floats on
the steel elements above the ground, with the dampers providing dynamic lateral restraint when
an earthquake strikes. The dampers cost between $8,000 and $16,000. The cost of a pier and
grade beam foundation system can easily be higher than this.

Life-cycle costs typically include initial cost, maintenance, and repair costs following
earthquakes. Thus, life-cycle costs using the DSFS are reduced significantly because earthquake

damage is reduced.



DAMPED SWAY FOUNDATION SYSTEM

(DSFS)

A SEISMIC ENERGY DISSIPATING FOUNDATION SYSTEM FOR SMALL BUILDINGS
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