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1971 SYLMAR EARTHQUAKE

Non‐Ductile Concrete

http://www.photolib.noaa.gov/htmls/cgs02103.htm
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1985 MEXICO CITY EARTHQUAKE

Non‐Ductile Concrete

http://www.gettyimages.it/evento/years‐since‐the‐mexico‐city‐earthquake‐572224691#toppled‐by‐one‐of‐the‐deadliest‐earthquakes‐of‐the‐century‐mexico‐picture‐id107295750

1989 LOMA PRIETA EARTHQUAKE

Non‐Ductile Concrete

https://en.wikipedia.org/wiki/1989_Loma_Prieta_earthquake
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1994 NORTHRIDGE EARTHQUAKE

Non‐Ductile Concrete

http://sfvmedia.com/sfv/ventura‐blvd‐buildings‐earthquake‐risk/#lightbox/0/

1995 KOBE EARTHQUAKE

Non‐Ductile Concrete

http://www.ngdc.noaa.gov/hazardimages/event/show/19
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1999 CHI‐CHI EARTHQUAKE

Non‐Ductile Concrete

https://www.youtube.com/watch?v=8cqQJCmcLWQ

2003 BINGOL TURKEY EARTHQUAKE

Non‐Ductile Concrete

http://hutpedia.blogspot.com/2011/10/earthquake‐72‐magnitude‐hits‐turkey.html
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2005 PAKISTAN EARTHQUAKE

Non‐Ductile Concrete

http://www.nydailynews.com/news/world/quake‐terrorizes‐pakistan‐india‐afghanistan‐2005‐article‐1.2369675

2010 HAITI EARTHQUAKE

Non‐Ductile Concrete

https://www.wired.com/2010/02/earthquake‐proofing‐haiti/
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2011 CHRISTCHURCH NEW ZEALAND EARTHQUAKE

Non‐Ductile Concrete

http://www.stuff.co.nz/the‐press/news/christchurch‐earthquake‐2011/66404258/Christchurch‐quake‐survivors‐lives‐irrevocably‐changed

2016 TAIWAN EARTHQUAKE

Non‐Ductile Concrete

https://sputniknews.com/asia/201602101034481762‐taiwan‐arrests‐developers‐earthquake/
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http://ficientdesign.com/wp-content/uploads/2010/06/Brittle-Ductile-Stress-Strain.gif

Ductility vs Strength

https://www.fema.gov/media‐library‐data/20130726‐1556‐20490‐5679/fema454_complete.pdf

Non‐Ductile Concrete



8

EERI / PEER Historic Overview Presentation by Jack Moehle, UC Berkeley

Non‐Ductile Concrete

EERI / PEER Historic Overview Presentation by Jack Moehle, UC Berkeley

Non‐Ductile Concrete
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EERI / PEER Historic Overview Presentation by Jack Moehle, UC Berkeley

Non‐Ductile Concrete

EERI / PEER Historic Overview Presentation by Jack Moehle, UC Berkeley

Non‐Ductile Concrete
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Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE

Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE
http://www.nehrp.gov/pdf/fema355e.pdf
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Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE
http://www.nehrp.gov/pdf/fema355e.pdf

Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE
http://www.nehrp.gov/pdf/fema355e.pdf



12

Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE

ABOUT 60% OF INSPECTED BUILDINGS 
HAD SOME LEVEL OF DAMAGE

http://www.nehrp.gov/pdf/fema355e.pdf

Pre‐Northridge Steel Moment Frames

1994 NORTHRIDGE EARTHQUAKE
http://www.nehrp.gov/pdf/fema355e.pdf
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3/11/2011 M 9.1 Tohoku Japan
(2016 M7.0)

2/27/2010 M 8.8 Maule, Chile
(2014 M8.1)

12/26/2004 M 9.1 Sumatra, 
Indonesia (2005 M8.6, 2007 
M7.9, 2007 M8.4, 2010 M7.9)

2/22/2011 M 6.3 Christchurch, 
New Zealand (2013 M6.6)

11/07/2012 M 7.4 Guatemala 
and Mexico

2/6/2016 M 6.4 Meining,
Taiwan (2016 M)

8/24/14 M 6.0 NAPA, USA

LAST MAJOR 
SO.CAL EQ WAS 

1994

https://www.usgs.gov/

Probability of Next Earthquake
USGS PREDICTS 
THERE IS A 50% 
PROBABILITY 

THAT A 
MAGNITUDE 6.0 
WILL OCCUR IN 
THE NEXT 25 

YEARS CLOSE TO 
WEST 

HOLLYWOOD

https://www.usgs.gov/
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EQ. Strikes 1/17/94

Why does it matter?

http://graphics.latimes.com/northridge‐pages/

http://pubs.usgs.gov/fs/fs‐046‐03/fs‐046‐03.html

Why does it matter?

https://d3n8a8pro7vhmx.cloudfront.net/mayorofla/pages/16797/attachments/original/1420504740/Resilience_by_Design_Full_Report_Dec_11_FINAL.pdf?1420504740
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California Code Requirements 
Additions

Alterations

Repairs

Change in Occupancy

UPGRADES ARE 
ONLY REQUIRED 

WHEN SIGNIFICANT 
CHANGES ARE MADE 

TO STRUCTURE

URM Retrofit Ordinance

http://www.seismic.ca.gov/pub/CSSC%202006%20URM%20Report%20Final.pdf
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31

Seismic Programs Case Study

School Building Seismic Program:

● 334 “Safe” Buildings:  1 Damaged

● 75 “Unsafe” Buildings: 18 Damaged

Images provided by Justin C.H. Shih Structural Engineer & Associates

DUCTILITY

Retrofit Strategies
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STRENGTH

Retrofit Strategies

STRENGTH

Retrofit Strategies
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DUCTILITY

Retrofit Strategies

DAMPING

Retrofit Strategies
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ISOLATION

Seismically Isolated Structure

Movement is concentrated at 
isolation level in seismic isolation 
bearings.  Ideally, building above 
moves a rigid body with little 
amplification of deformations and 
accelerations up the height.

Conventional Structure

Buildings respond to earthquake 
shaking by deforming beams, 
columns, braces, walls.  
Sometimes these deformations 
cause damage/fracture and 
displacement can be permanent

Retrofit Strategies

FOUNDATIONS

Other Considerations
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COLLECTORS/CONNECTIONS

Other Considerations

USERS

Other Considerations
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City of West Hollywood
Seismic Retrofit Program Process

SITE SURVEY & RECORD RESEARCH POLICIES IMPLEMENT

Preliminary Survey Results
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City of West Hollywood
Seismic Retrofit Program Process

SITE SURVEY & RECORD RESEARCH POLICIES IMPLEMENT

Policy Considerations
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Non‐ Ductile Concrete Scope

Pre‐Northridge Steel MF Scope
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Proposed Policy

Policy Items Los Angeles West Hollywood

Voluntary or 

Mandatory Retrofit
Mandatory Mandatory

Timelines
25 Years for Full Retrofit of 

1,500 Bldgs

10 Years for Major Deficiency Retrofit and

10 Additional Years for Full Retrofit of ~146 Bldgs.

Priority Tiers 3 Tiers 3 Tiers

Incentives and

Facilitation Programs

Financial programs are being 

explored
Financial programs are being explored

Architectural  

Improvements

Waived with exception of 

ADA
Waived with exception of ADA

MEP Improvements Waived Waived

Major Deficiencies

1

2

3

45

https://www.fema.gov/media‐library‐data/20130726‐1556‐20490‐5679/fema454_complete.pdf
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City of West Hollywood
Seismic Retrofit Program

SITE SURVEY & RECORD RESEARCH POLICIES IMPLEMENT

Implementation

NOTIFICATION SCREENING
RETROFIT 
DESIGN

RETROFIT
CONST.

CLOSE OUT
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Summary

52

www.weho.org/seismic


