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Earthquake Hazards and 
Sustainability 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Bay Area Seismic Risk 

62% probability  
of one or more  

Magnitude 6.7 EQ’s 
 in next 30 years  

www.usgs.org 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Performance Based Design (PBD) 

•  Probability of loss 

•  Structural performance objecCves 

•  Non‐structural performance objecCves 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Performance Based Engineering 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Advanced Seismic
 Protection Techniques 

Performance Based Engineering 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Performance Based Design  

FEMA 445 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Performance Based Design 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Embodied Energy and  
Non‐Structural Elements 

2.5% DriK 
Building Code

 Limit 

1% DriK 
ParOOons with Doors

 Beyond Repair 

1.5% DriK 
Solid ParOOons
 Beyond Repair 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Disaster Resilience 

 Building’s ability to recover from a 
natural disaster 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Disaster Resilience 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100% 
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Disaster Resilience 

IMPROVE      
 BUILDING
 PERFORMANCE 

MINIMIZE
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Disaster Resilience 

100% 
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DISASTER
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REPAIRABILITY
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100% 

EVENT OCCURENCE 

RECOVERY
 TIME 

Disaster Resilience 

HOLISTIC
 DISASTER
 RESILIENT
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Improving Performance through 
Advanced Systems 



FORELL/ELSESSER ENGINEERS, INC.2009 PEER Annual Meeting 2009 PEER Annual Meeting 

•   
In

cr
ea

se
d 

R
es

ou
rc

e 
C

on
su

m
pt

io
n 

•   
 In

cr
ea

se
d 

C
on

st
ru

ct
io

n 
W

as
te

 

100% 

E
ar

th
qu

ak
e 

R
ep

ai
r 

C
os

t  
   

 (%
 

R
ep

la
ce

m
en

t C
os

t) 

Minor Moderate Major 

Increasing Seismic Demand 

Other Energy Dissipation Systems 

Base Isolation 

Improving Performance through 
Advanced Systems 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Environmental Impact 

Household  
Hazardous Waste 

Plastic 
9.5% 

Electronics 
1.2% 

Metal 
 7.7% 

Glass 
 2.3% 

Organic 
 30.2 % 

Construction  
& Demolition 

21.7% 
California’s Overall Waste Stream 2004  Total Energy Use in US in 1998 

Transportation 

27.0% Buildings 
35.0% 

Industrial 
37.0% 

CIWMB  BaYle & Burns 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Embodied Energy 

•  Includes… 
  Raw Materials 
  Processing of Materials 
  TransportaOon 
  ConstrucOon 
  Furnishing 
 Waste 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Embodied Energy 

DistribuCon of ConstrucCon Costs  
Taghavi and Miranda 

Athena InsCtute 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Embodied Energy 

Total Building Energy = 

   Embodied Energy + OperaOonal Energy 

Annualized Carbon Footprint = 

   Embodied Energy ÷ Building Life + OperaOonal Energy 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A Major Earthquake’s Impact on 
Housing Sustainability 

•  “Here Today – Here Tomorrow: Earthquake Safety for 
SoK‐Story Buildings” by ATC 

•  Focus on MulO‐Unit soK story wood framed buildings 

•  4,400 buildings in San Francisco of this type 
•  EsOmate 1200 ‐ 2400 will be “Red Tagged” 

•  EsOmate 300 ‐ 850 will Collapse 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SoK Story Collapse 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Impact on Residents 

•  50,000 people will be displaced 
•  Slow to Rebuild 
•  Loss of Neighborhood Character 
•  Loss of affordable housing 

Gaoyuan Village, China 2008 

San Francisco, 1906 

Izmit, Turkey 1999 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Impact on the Environment 

•  1 Building ~ 940 Cars ~ 4,150 Tons of CO2 
•  Total Red Tagged buildings account for 2.27 Million 
Cars or 10 Million tons of CO2 

= 
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Impact on the Economy 

•  Cost to Retrofit = $3 ‐ $12 per/K2 

•  Cost to Rebuild = $200 per/K2 

•  Cost to Rebuild = 20 Omes Cost to Retrofit 

= 
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Sustainable Benefits of Retrofit 

•  PrevenOng 10 Million Tons of CO2 from 
Landfill 

•  Minimizing DisrupOon to 50,000 Residents 

•  ProtecOng our IniOal Economic Investment 

•  Preserving our CommuniOes 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Benefits of Improved Seismic 
Performance 

Reduces Repair Cost and Repair Time 

Reduces Impact on Residents and Community 

Minimizes Environmental Impact 

Enhances Sustainable Community 



FORELL/ELSESSER ENGINEERS, INC.2009 PEER Annual Meeting 2009 PEER Annual Meeting 

QuesOons? 


