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Infrastructure Categories
• Transportation 

• Highways
• Rail
• Waterways
• Ports & Harbors
• Air

• Utility
• Electric Power

• Natural Gas

• Liquid Fuel

• Telecommunications

• Water

• Wastewater • Cyber



Grand ChallengesGrand Challenges
for for Disaster ReductionDisaster Reduction

A Report of theA Report of the
Subcommittee on Disaster ReductionSubcommittee on Disaster Reduction

Grand Challenge 4Grand Challenge 4

Recognize and Reduce Recognize and Reduce 
Vulnerability of Interdependent Vulnerability of Interdependent 
Critical InfrastructureCritical Infrastructure



Critical Infrastructure

For the Government:
Those facilities that must remain mission 
operational during periods of national crisis or 
emergency. [Outside the fence]

For the Private Sector:
What each owner decides. [Inside the fence]



Key Characteristics of Lifeline Systems

• Design based on system performance 

• Requirements different than those for buildings 

• Multi-jurisdictional regulatory oversight

• Owners/operators have special knowledge







Milestones

1971 San Fernando earthquake  (M 6.4) - ‘birth of lifeline earthquake engineering’

1974       Technical Council on Lifeline Earthquake Engineering (TCLEE)



ASCE Technical Council on Lifeline Earthquake Engineering (TCLEE)

Lifelines are the systems and facilities that provide services vital to the function of an industrialized society and 
important to the emergency response and recovery after a natural disaster. These systems and facilities include 
communication, electric power, liquid fuel, natural gas, transportation (airports, highways, ports, rail and transit), 
water, and wastewater. 

Purpose: 
To advance the state-of-the-art and practice of lifeline earthquake engineering through the following endeavors:

• Participate in the development of guidelines, pre-standards and standards for the seismic design and 
construction of lifelines; 

• Encourage lifeline organizations, industries and associated manufacturers, associations and professionals to 
consider earthquakes and their impacts in the planning, design, emergency planning and operation of 
lifelines; 

• Serve as a primary resource for establishing broad consensus on lifeline issues; 
• Identify and prioritize research needs related to lifeline planning, design, construction and operation; and 
• Support and/or conduct programs for education and technology transfer on lifeline seismic issues. 

TECHNICAL COMMITTEES 
EARTHQUAKE INVESTIGATION
ELECTRICAL POWER AND COMMUNICATIONS LIFELINES
GAS AND LIQUID FUELS LIFELINES
PORT AND HARBOR LIFELINES
SEISMIC RISK
TRANSPORTATION LIFELINES
WATER AND WASTEWATER LIFELINES
PUBLICATIONS
TCLEE EARTHQUAKE REPORTS

http://www.asce.org/inside/tclee_eqinvest.cfm
http://www.asce.org/inside/tclee_elpw+comm.cfm
http://www.asce.org/community/disasterreduction/tclee_gas+liq.cfm
http://www.asce.org/inside/tclee_pt+harb.cfm
http://www.asce.org/inside/tclee_seisrisk.cfm
http://www.asce.org/inside/tclee_trans.cfm
http://www.asce.org/inside/tclee_w+w.cfm
http://www.asce.org/community/disasterreduction/tclee_pubs.cfm
http://www.asce.org/community/disasterreduction/tclee_reports.cfm


Milestones

1977 Creation of NEHRP (Public Law 95-124)

1985 BSSC Workshop – Abatement of Seismic Hazards to Lifelines – An Action Plan

1986      National Center for Earthquake Engineering Research (NCEER)  

1989 NIBS Report – Strategies and Approaches for Implementing A Comprehensive 
Program to Mitigate the Risk to Lifelines from Earthquakes and Other Natural 
Hazards

Loma Prieta earthquake (M 7.1) – ‘wake up call’ for the SF Bay region





California Policy on Acceptable 
Level of Earthquake Risk*

Each utility shall withstand earthquakes to:
• Provide protection of life
• Limit damage to property, and
• Provide for resumption of utility service in a 

reasonable and timely manner

*California Seismic Safety Commission/CPUC Safety Branch (1992)
California Earthquake Loss Reduction Plan (1997)



California Utilities and Transportation 
Systems Earthquake Risk Management 

Policy Requirements*
Policy to manage earthquake risks:
• Program to understand hazards and 

system vulnerabilities
• Plan to implement risk management 

options
• Dedicated staff
• Dedicated budget
• Accountability

* California Seismic Safety Commission/CPUC Safety Branch



Milestones

1990 NEHRP Reauthorization (Public Law 101-614)  - FEMA & NIST to develop a 
plan for  adopting design and construction standards for lifelines

1991 NIST Workshop on Developing and Adopting Seismic Design and Construction 
Standards for Lifelines

1994 Northridge earthquake (M 6.7) 

1995 FEMA 271 – Plan for Developing and Adopting Seismic Design Guidelines and  
Standards for Lifelines 

1997 Pacific Center for Earthquake Engineering Research (PEER)





PEER Lifeline Projects
Substation Equipment & Buildings Research

• Rigid/ Flexible Bus Interactions 
• Theoretical
• Experimental 

• Input Ground Motions for Simulator Testing
• Seismic Qualification and Testing of  230 / 500 kV Disconnect 

Switches and 196 and 500  kV Transformer Bushings
• Substation Equipment Database Development  
• Seismic Assessment Building Guidelines 

PEER support for IEEE 693 – Recommended Practice for Seismic 
Design of Substations



Milestones

1997       ASCE Lifeline Policymakers Workshop

1998 NCEER become Multidisciplinary Center for Earthquake Engineering Research 
(MCEER)

American Lifelines Alliance - cooperative agreement between FEMA and ASCE



American Lifelines Alliance

A Public-private Partnership to Reduce Risk to Utility and Transportation Systems from Hazards

www.americanlifelinesalliance.org



General ALA Approach

• Facilitate the creation, adoption, and 
implementation of national consensus 
guidelines

• Utilize Industry and Corresponding Advisors 
to generate project ideas

• Increase awareness at conferences and 
through focused studies and pilot projects.







Draft map for ASCE 74 
Ice thicknesses from freezing rain for a 50-yr return period 

with concurrent gust speeds

ALA Phase II
(+ Alaska)

extrapolated





Overview of 
Process

Define System

Define Assessment Metric

Define Target Performance

Define Relevant 
Hazards

Assess Vulnerability of System 
Components to Hazards

Assess System Performance 
Under Conditions of Hazard 

Damage

Performance 
Metric Met? Modify 

Component?

FINISH Accept Performance Level

YES

NO
YES

NO

Modify 
Performance 

Goal?

NO

YES

NO

Modify 
System 

Response?

NO

NO

YES



Milestones

2001 September 11

2002 ALA transferred to National Institute of Building Sciences (NIBS) Multihazard 
Mitigation Council (MMC)

2003 Department of Homeland Security 

Homeland Security Presidential Directive 7: Critical Infrastructure Identification, 
Prioritization, and Protection 

2006 National Infrastructure Protection Plan













Next Steps:
Immediate –
• Promote the use of existing standards and guidelines for new 

construction and upgrades

Longer Term –
• Develop consensus on level of hazard to be considered 

for use in new design or upgrades

• Develop and implement post-earthquake data collection/archive
program



Expect the Unexpected
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