
EARTHQUAKE ENGINEERING ADVANCES SINCE NORTHRIDGE 
 
The 1994 Northridge Earthquake became a catalyst for numerous research and 
mitigation programs that led to significant advances in the field of earthquake 
engineering.  A few are listed below. 
 
Steel Buildings: The SAC Steel Project 
http://www.sacsteel.org/project/index.html 
1994 - 2000 
Over 200 welded steel moment frame buildings suffered brittle fractures at their 
connections in the 1994 Northridge Earthquake. None of these steel frame buildings 
collapsed, but the unexpected type and severity of damage prompted research on 
repair techniques and new design approaches to minimize future damage.  From 
research sponsored by FEMA, California OES and the National Science Foundation 
(NSF), new solutions were developed, such as the “dog-bone” connection, that are now 
standard construction practice for steel buildings.   
 
Research on the earthquake performance steel buildings continues today and new 
innovations have been developed in recent decades.  Many steel buildings now utilize 
buckling restrained braces, seismic dampening systems, self-centering systems, 
rocking systems, or replaceable elements that can be easily repaired after future 
earthquakes.  
 
Examples: 
Dusicka (replaceable elements): 
http://www.youtube.com/watch?v=9eTy6lKW0kg&feature=share&list=PL7929559BA3D
9E5CD  
Deierlein (rocking frame):  http://youtu.be/vgMqeIFzYLI  
Mahin (base isolation):  http://youtu.be/Uh6l5Jqtp0c 
Lehigh (self centering):  http://youtu.be/6PKqZcuO938 
 
 
Bridges: Caltrans Seismic Retrofit Program 
http://www.dot.ca.gov/hq/paffairs/about/retrofit.htm 
1971 - 2017 
There are more than 12,000 bridges in the California State Highway system. Due to 
impacts from the 1971 Sylmar, 1989 Loma Prieta, and 1994 Northridge Earthquakes, 
Caltrans developed several seismic retrofit programs to focus on identifying and 
retrofitting existing bridges statewide, and bringing them up to the latest seismic safety 
retrofit standards established to prevent collapse during future earthquakes.  The state's 
bridge earthquake strengthening program involves more than 2,200 structures, and 
costs more than $12 billion.  Only four bridges in these programs remain to be 
completed and all four are currently under construction.  The last of these projects will 
be finished in 2017. 
Example: http://www.northridge20.org/wp-content/uploads/2013/09/IMG0003a.jpg 
 



Current research related to the seismic performance of future bridges is investigating 
new bridge systems and materials that allow for rapid initial construction, need minimal 
post-earthquake repair and utilize self-centering columns that have no residual drift or 
tilt for quick return to operation after future earthquakes.  
 
 
Hospitals: Seismic Safety of CA Hospitals 
http://www.oshpd.ca.gov/FDD/seismic_compliance/SB1953/ 
1994 – 2030 
California Senate Bill 1953 was passed in 1994 requiring older hospitals to come into 
compliance with new structural standards and regulations to ensure their adequate 
performance in future earthquakes.  As a result, hospital retrofits projects and 
construction of new urgent care facilities is currently underway across the State of 
California with a mandated deadline for completion by 2030. 
Example: http://www.northridge20.org/wp-content/uploads/2013/09/IMG0101a.jpg ] 
 
New engineering advances and techniques have been implemented in these buildings 
to allow hospitals to be operable immediately following future earthquakes including the 
use of advanced seismic systems (such as seismic isolation, damping, buckling-
restrained-braces), nonlinear analysis techniques, comprehensive non-structural 
bracing, and performance-based evaluations. 
 
Wood Frame Buildings: CUREE-Caltech Project 
http://www.curee.org/projects/woodframe/ 
1998 – 2002 
Approximately half of the property losses incurred in the Northridge Earthquake were 
from damage to woodframe construction.  This prompted the Federal Emergency 
Management Agency (FEMA) to fund a coordinated program of laboratory testing and 
analysis of woodframe buildings and studies of their damage in the Northridge 
Earthquake.  The research focused on large apartment and condominium buildings, 
single-family houses, and some non-residential buildings (e.g. school and commercial), 
with an emphasis on buildings with a weak lower floor, called a “soft-story,” that were 
often due to parking on the ground level.  More info about Soft Story Buildings can be 
found at the ABAG website at http://quake.abag.ca.gov/housing/softstory/  
Videos: http://www.curee.org/projects/woodframe/video/index.html 
 
The CUREE-Caltech project (and other more recent research efforts) paved the way for 
several California cities to implement mitigation programs and ordinances to reduce the 
risks of soft-story woodframe structures, including San Francisco (through it’s CAPPS 
and ESIP programs, http://www.sfgsa.org/index.aspx?page=6044), Berkeley, Oakland, 
and Alameda (http://alamedaca.gov/community-development/building/seismic-retrofit).  
The City of Los Angeles is in the preliminary stages of considering such an ordinance 
(http://articles.latimes.com/2013/aug/20/local/la-me-quake-soft-story-20130821). 
 
The California Earthquake Authority is also currently implementing incentive programs 
to encourage single-family home owners to retrofit (http://earthquakebracebolt.com/) 


