REDUCING EARTHQUAKE LOSSES THROUGHOUT THE UNITED STATES

Monitoring Earthquake Shaking in Federal Buildings

M

onitoring of earthquake
shaking in buildings is a
key to improving building design.
Federal buildings are scattered
throughout the Nation, and tens
of thousands of them, worth an
estimated $20 billion, are located
in the most hazardous earthquake
zones of the United States. By
instrumenting a variety of these
structures, scientists and engineers can acquire a rich data set
on building response in earthquakes. Monitoring the behavior
of Federal buildings during strong
shaking will help to improve
building design and reduce
losses in future earthquakes.
The United States Federal Government
owns or leases more than 400,000 buildings, distributed through all regions of the
Nation. The Government Accounting Ofﬁce
(GAO)1 reported in 1992 that 40 percent of
these buildings are in areas of signiﬁcant
earthquake hazard, and 20 percent are in
zones where the hazard is high to very high.

The 1971 San Fernando earthquake (magnitude 6.7) collapsed four
buildings at the San Fernando Veterans Administration Hospital
complex (above), killing 47 people. The buildings had been built in
1925, before building codes were in effect. In the 1994 Northridge
earthquake (also magnitude 6.7), a building in the Sepulveda
Veterans Administration Hospital complex (lower right), though built to code, was still damaged by strong
shaking. Seismic joints separated, and building sections pounded against one another. Piers between
windows cracked (upper right). Instrumenting such buildings will advance understanding of their response
to earthquake shaking.

The estimated replacement value of the
Federal buildings in the most hazardous
earthquake zones is $20 billion.
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existing structures respond during severe
shaking. This goal requires instrumenting
a large number of buildings and recording
their response during strong earthquakes.
The resulting data set should span the range
of variability in building, site, and earthquake characteristics:
• Building characteristics—conﬁguration, structural system, construction
material, foundation type
• Site characteristics—soil properties,
depth to bedrock, depth of water table,
distance from quake
• Earthquake characteristics—magnitude, focal depth, type of fault, wave
radiation pattern
Recordings of strong shaking in buildings allow engineers to:
• Understand how earthquake damage
begins and progresses
• Evaluate earthquake-resistant design
strategies
• Improve methods for predicting seismic performance
• Upgrade seismic safety provisions of
building codes
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• Make informed safety decisions about
reoccupancy of buildings
In an effort to provide these muchneeded recordings, scientists and engineers
of the U.S. Geological Survey (USGS) and
cooperating institutions are working to instrument a wide range of buildings in areas
of signiﬁcant seismic hazard.
Federal buildings are especially attractive targets for seismic monitoring. They
are of varied sizes and conﬁgurations and
are spread across all areas of seismic hazard
in the Nation. In addition, in most cases
they do not present some issues that impede
the instrumentation of private structures,
such as obtaining the required permission
of a private owner. Private owners may not
want buildings to be monitored for shaking
out of fear of possible litigation following a
damaging earthquake.
There are many advantages to placing arrays of shaking sensors in Federal buildings:
• Leading by example in gathering critical data for reducing future earthquake
losses.
• Safeguarding Federal workers and the
visiting public.
• Protecting the public investment in
Federal buildings.
• Improving understanding of the seismic safety of new and existing, owned
and leased Federal buildings, consistent with Federal Executive Orders
12699 and 12941.
Federal buildings need to be instrumented
to record their response to strong ground
shaking. However, not all Federal buildings can, or need, be monitored for shaking.
Rather, an appropriate strategy is to selectively monitor buildings representative of the
most common building types in the Fed-

The 100-year-old Court of Appeals Building in San Francisco, California was retrofitted after the 1989 Loma
Prieta earthquake using base-isolation technology (inset) and was fully reoccupied in 1996. Base-isolation systems dampen the shaking energy fed into the structure through its foundation, thus reducing the likelihood of
damage. Sensors placed below and above the isolators allow measurement of the effectiveness of the system.

eral inventory. Information obtained from
shaking sensors installed in one building
can be applied to beneﬁt similar structures
underlain by equivalent geologic conditions.
Important historical buildings, occupied by
Federal agencies, that have been previously
strengthened to resist earthquakes are also
suitable monitoring targets in order to validate or improve those retroﬁt strategies.
Among the Federal buildings already
instrumented with shaking sensors or in the
process of being instrumented are 59 Veterans Administration hospitals, 12 General
Services Administration ofﬁce buildings, and
8 National Atmospheric and Space Administration laboratory structures.
Installation of shaking monitors
in buildings is part of the program of
research conducted under the National

Earthquake Hazards Reduction Program
(NEHRP). The results of NEHRP studies
improve understanding of the earthquake
loads that buildings are likely to experience and help engineers design structures
more resistant to earthquakes.
The USGS—the Nation’s leading
earth-science agency—works closely with
Federal and State agencies, regional and
city governments, and private building
owners to monitor earthquake shaking in
buildings, as well as in bridges and dams.
The pace of progress in safeguarding the
Nation’s building inventory against future
earthquake losses can be accelerated
signiﬁcantly through expanded seismic
monitoring of Federal buildings.
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The Bennett Federal Office Building in Salt Lake City, Utah, built in 1965,
underwent a major seismic retrofit completed in 2003. To reduce the shaking in the structure during strong earthquakes, the building was fitted with
novel, unbonded diagonal braces and dampers (inset). Sensors have been
deployed throughout the building to validate the expected improvement
in seismic performance of the building during strong tremors. Red arrows
indicate the locations of the sensors and show the 26 components, or
directions, of motion that the sensors record.
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For further information contact:
Earthquake Information Hotline (650–329–4085)
U.S. Geological Survey, Mail Stop 977
345 Middlefield Road, Menlo Park, CA 94025
URL http://quake.usgs.gov/research/
This Fact Sheet and any updates
to it are available online at
http://pubs.usgs.gov/fs/2005/3052/

