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Presentation Outline
• Introduction to ASCE Infrastructure Resilience Division
• Infrastructure Resilience
• Floodplain Management Systems as community
lifelines
• Basic services
• Dependency relationships
• Multihazard aspects
• Characteristics of resilient infrastructure
• Next Steps: tools for improving infrastructure resilience

Infrastructure Resilience Division
• IRD Vision
Improve the resilience of civil infrastructure and lifeline systems.
• IRD Mission
Serve the civil engineering profession in advancing civil infrastructure and
lifeline systems for local, regional, and national resilience against all hazards. All
hazards and resilience are defined in ASCE Policy Statement 518.
• IRD Charge
Develop products and services to include but not be limited to standards,
guidelines, manuals of practice, journals, webinars, seminars, and conferences
to advance resilient practices related to civil infrastructure and lifeline systems
recognizing their dependency relationships and using risk and uncertainty
principles. Promote and perform investigations, research, policy development,
and application of resilience activities by collaborating with ASCE Divisions,
Institutes, and Committees.
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Lifeline Systems and Resilience
• Lifeline systems are infrastructure networks vital to
the communities they serve.
• Each lifeline system provides essential services for
communities to function and survive.
• A resilient lifeline system is designed and
constructed to accommodate hazard-related
damage [or flood level exceedance] with ability to
continue providing services or limit service outage
times tolerable for community recovery efforts
(Davis and Giovinazzi, 2015).

Lifeline Systems and Resilience
• Lifeline system resilience embodies the fact that these
complicated systems may not be able to withstand
damage from all hazard strikes, but can be designed,
constructed, and operated in a way to provide the
services, when needed, by the communities they serve.
• NIST (2015) provides guidance for communities to plan
for resilience.
• Infrastructure resilience requires a balance between
how the community plans and functions and how the
infrastructure system is designed, constructed,
operated and maintained to support the community

STORM WATER CONTROL SUBSYSTEMS

Storm Water Infrastructure is made up of multiple subsystems having their own
characteristics
Subsystems

Description

Barrier
Systems

Natural or built infrastructure intended to serve as a barricade
or obstacle to prevent or impede materials from inundating
land or property

Collection
Systems
Conveyance
Systems

Networks and facilities for collecting and storing water or
other debris.
Systems for conveying water. Conveyance systems,
sometimes referred to as trunk systems, convey water from, or
within, service areas to points of treatment or discharge.

Treatment
Systems

Systems for treating and disinfecting water to make it safe for
disposal or for safe use by customers as part of a potable water
system.
Systems for discharging or disposing of treated or untreated
water. Also for dispersing treated water for use by customers
or long term storage.

Discharge/
disposal
Systems

Each subsystem is critical to providing services

FLOOD MANAGEMENT PERFORMANCE CATEGORIES
Performance
Categories

Description

Lifeline Services

Provision of lifeline services identified in next slide.

Life Safety

Preventing injuries and casualties from direct or indirect damages to
system facilities, or flood level exceedance; includes safety matters
related to response and restoration activities.

Property Protection

Preventing property and environmental damage as a result of damage to
system components, or flood level exceedance; also includes preventing
system damages.
Note: this category must be balanced with level of protection
community is willing to accept and pay for.

FLOOD MANAGEMENT SERVICE CATEGORIES
Infrastructure resilience is dependent upon the amount of service losses suffered and time to reestablish
Service Categories

Description

Flood Defense

The system is able to defend regions against flood hazard by
collecting, storing, removing, and/or providing hydraulic
Is water
containment and barriers to protect life and property; but
contained?
some region(s) may be more vulnerable to flooding than
prior to the event and the system may not be able to treat
water to meet quality standards, properly utilize or dispose of
water, or meet pre-event functionality.

Quality

Water is able to be treated to pre-event conditions using
intended processes and meet public health standards.

Is it safe?

Disposal/
Discharge

Entire water volume is able to be properly disposed or
discharged, protecting the environment, and meeting public
health standards.

Can it be released?

Water Supply

Storm/flood water is able to be treated and used as a water
supply source.

Is it usable?

Functionality

The system functions are performed at pre-event reliability,
including the meeting or exceeding of pre-event inundation
protection levels (vulnerabilities and operational constraints
resulting from the event have been removed/resolved).

Is the system in
working order?
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DEPENDENCY RELATIONSHIPS
• Flood management systems are commonly
interlinked with the communities they serve
• For example, in costal and riverine environments,
communities are commonly settled around flood
management infrastructure (e.g. levees along
rivers) and inherently become dependent on the
systems performing their protective services
• There are inherent dependencies between some
types of systems, mostly flood control and
drainage, with transportation, water, wastewater,
and electric power systems

EARTHQUAKE-FLOOD MULTIHAZARDS
• Flood Management systems need to be properly
designed for the flood hazard, and for other hazards to
ensure they are prepared to perform when needed.
For example, levees can be damaged by earthquakes
and unable to perform during the following flood
season
• ASCE Earthquake-flood multihazard project
• New Zealand, Japan, China

Minamisanriku, 2011

Box conduit, floated 2011, Japan

SEISMIC PERFORMANCE OF
PROTECTIVE SYSTEMS
• Performance in earthquakes and tsunamis is
essential for inundation protection

Naruse River embankment liquefaction
damage, 2011, Japan. Courtesy MLIT

Damage to sea embankments Iwanuma City,
2011, Japan. Courtesy MLIT

EXAMPLE RESILEINCE STRATEGIES

Robust sea embankment design
(Courtesy MLIT).
Concept for a tsunami-resilient
community (Courtesy MLIT).

Characteristics of Resilient Lifeline
Systems
• ASCE IRD is identifying characteristics of resilient
lifeline systems

• Organizational, Technical, Social, Economic
• Provide guidance of developing resilient infrastructure
systems

• 17 Characteristics identified
• Each characteristic has listing of achievement
indicators

ORGANIZATIONAL CHARACTERISTICS
• A Resilient Lifeline System:

• Has an organizational structure capable of cost
effectively managing, coordinating, and implementing
core resilience activities in a safe and reliable manner
• Has organizational stability and capacity
• Has adequate support and resources to implement
resilience measures
• Continually develops and improves disaster prevention
capabilities

TECHNICAL CHARACTERISTICS PLANNING AND MITIGATION
• A Resilient Lifeline System:

• Has established performance objectives and performance
criteria
• Is aware of the hazards and threats, understands potential
impacts to the system and its lifecycle, and has established
procedures to address them
• Has plans to mitigate the known vulnerabilities in accordance
with established performance objectives with short-,
intermediate-, and long-term priorities for implementing the
mitigations.
• Is able to measure and quantify resilience
• Has plans for expected scenario events including regional and
local events.
• Maintains emergency response and recovery plans consistent
with expected hazard scenario impacts

TECHNICAL CHARACTERISTICS –
RESPONSE AND RECOVERY
• A Resilient Lifeline System:

• Develops post-event priorities on how to recover
services to different customers and methods in which to
restore these services.
• Is able to achieve a rapid emergency response
• Is able to enhance resilience through betterment
processes during permanent repair of damaged facilities
• Is able to manage and help control cascading events

SOCIAL/ECONOMIC CHARACTERISTICS
• A Resilient Lifeline System:

• Understands the social and economic impacts that may
result from damaged system (in current state and in
future mitigated states)
• Is able to provide adequate and reliable post-hazard
strike services throughout operational areas
• Has good communications with customers, community
leadership (within service area and areas of operation),
and other lifeline systems

Next Steps
• Resilience Management requires new tools to
handle large and complicated geographically
distributed systems exposed to many different
hazards posing different risks to the loss of services
and ability to restore them following an major
hazard strikes
• Tools are needed to be developed by engineers,
researchers and scientists
• Develop guidelines and standards
• Work with organizations to identify priority needs

