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ABSTRACT
There has been much recent interest in improving the performance of the nation’s building
inventory from different hazards. This is especially true for earthquakes, where the gap between
the performance goal underlying building code technical requirements and community
expectations that modern code-conforming buildings can be immediately re-occupied following a
major earthquake is by far the greatest. Buildings that can survive design earthquakes with
minimal damage and be rapidly reoccupied is a key element of community’s resiliency.
For over more than 100 years, the building code has evolved and improved to the point where after
earthquakes, we rarely see collapse in new construction that conforms to recent building codes.
From a life safety aspect, the building code is a success. However, after significant earthquakes,
many new, code-conforming buildings suffer sufficient damage to have the building deemed to be
unsafe and unusable for extended periods of time. Having a significant number of such buildings
in a community represents a significant threat to that community’s resiliency.
There has recently been a wide variety of suggested solutions to improve building performance
beyond the present building code goals. One suggestion gaining popularity is to simply require
all buildings meet the Risk Category IV code requirements found in Section 1604.5 of the IBC.
While simple to understand, such one-size-fits-all solutions present other problems. For example,
increasing a buildings’ strength and stiffness also increases building accelerations, increasing
damage to acceleration sensitive nonstructural building components. An alternative approach
involves designing buildings to specific enhanced performance goals using one of several recently
developed tools such as the Federal Emergency Management Agency’s (FEMA) FEMA P-58
Seismic Performance Assessment of Buildings series, prepared by the Applied Technology Council
(ATC). This paper explores these different building performance improvement options, and
propose one or more paths forward to improve community resilience.
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ABSTRACT
There has been much recent interest in improving the performance of the nation’s
building inventory from different hazards. This is especially true for earthquakes,
where the gap between the performance goal underlying building code technical
requirements and community expectations that modern code-conforming buildings
can be immediately re-occupied following a major earthquake is by far the greatest.
Buildings that can survive design earthquakes with minimal damage and be rapidly
reoccupied is a key element of community’s resiliency.
For over more than 100 years, the building code has evolved and improved to the point
where after earthquakes, we rarely see collapse in new construction that conforms to
recent building codes. From a life safety aspect, the building code is a success.
However, after significant earthquakes, many new, code-conforming buildings suffer
sufficient damage to have the building deemed to be unsafe and unusable for extended
periods of time. Having a significant number of such buildings in a community
represents a significant threat to that community’s resiliency.
There has recently been a wide variety of suggested solutions to improve building
performance beyond the present building code goals. One suggestion gaining
popularity is to simply require all buildings meet the Risk Category IV code
requirements found in Section 1604.5 of the International Building Code (IBC). While
simple to understand, such one-size-fits-all solutions present other problems. For
example, increasing a buildings’ strength and stiffness also increases building
accelerations, increasing damage to acceleration sensitive nonstructural building
components. An alternative approach involves designing buildings to specific
enhanced performance goals using one of several recently developed tools such as the
Federal Emergency Management Agency’s (FEMA) FEMA P-58 Seismic
Performance Assessment of Buildings series, prepared by the Applied Technology
Council (ATC).
This paper explores these different building performance
improvement options, and proposes paths forward to improve community resilience.
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History of Seismic Building Codes
For many years, building code requirements for earthquake resistance were adopted following
earthquake disasters, and were based on observations that some buildings designed and constructed
per then prevalent practice did not perform adequately. This process initiated with the 1868
Hayward earthquake in the San Francisco Bay Area, following which some building codes began
to require installation of wall anchors and reinforcement in masonry buildings. Substantially more
requirements were introduced into building codes following the 1906 San Francisco earthquake,
including the first U.S. requirement to design structures for lateral forces as a means of protection
against earthquake damage. However, most of the building code requirements introduced
following that earthquake were primarily intended to address the post-earthquake urban fire
conflagration hazard, rather than structural safety.
The first model building code in the U.S to specifically address earthquake design and
construction methods was developed by the Pacific Coast Building Officials Conference, and
adopted in 1927, shortly after the 1925 Santa Barbara earthquake, which destroyed most of the
downtown area. In a voluntary appendix, this building code introduced earthquake-specific lateral
force design criteria dependent on building height and soil type.
The 1933 Long Beach earthquake caused extensive damage to unreinforced masonry
buildings (URM’s), including many school buildings. Fortunately, students had already been
dismissed for the day. In reaction to this event, California adopted the Field and Riley acts,
prohibiting further construction of URMs in the state and requiring design of all buildings to
withstand a lateral force not less than three percent of the building’s weight. These acts also limited
design of public schools to licensed structural engineers or architects and established the Division
of the State Architect as responsible for construction quality assurance for public K-12 schools.
Throughout the next two decades, the building code developed incrementally but also lost
some important components of earthquake resistance, such as consideration of site class
characteristics in determining required building strength. In the 1950s, a joint committee of
researchers and engineers published the ASCE Separate Committee 66 report, which introduced
modern concepts of spectral response into the seismic design process. The Structural Engineers
Association of California adopted these criteria and procedures into their Recommended Lateral
Force Requirements and Commentary, popularly known as the “Blue Book” which served as the
basis for the Uniform Building Code requirements used through the western United States. In
these early years, engineers struggled to design buildings that would not collapse in earthquakes,
and this remained the primary goal of the building code.
The 1971 San Fernando earthquake exposed fundamental issues in the building code,
which until that time, had been developed on an ad hoc basis by volunteer engineers. Substantial
vulnerabilities were exposed in many building types and also with the collapse and severe damage
of hospitals and emergency communications centers, the need for better performance of some
buildings was recognized. The Applied Technology Council (ATC), with funding from the
National Science Foundation, undertook development of the landmark ATC 3-06 report, which
over time, became the basis for present building code requirements. Important concepts introduced
following the 1971 earthquake included dependence of shaking intensity on site class, use of

probabilistic seismic hazard analysis to define ground shaking, the importance of regularities, the
necessity of tying buildings together with a complete load path and the inadvisability of permitting
nonductile concrete construction in regions expected to experience intense ground motions. Also,
at this time, the Uniform Building Code introduced the concept of occupancy categories and began
to include requirements intended to improve the probability that essential facilities would remain
useable following earthquakes.
The 1994 Northridge earthquake exposed issues with steel moment resisting frame
construction, previously thought to be one of our best performing structural systems. Because this
was an issue for FEMA in funding the repair or replacement of publically owned structures, we
were able to use supplemental funding to contract with the SAC Joint Venture to develop FEMA
267, Interim Guidelines Evaluation, Repair, Modification and Design of Welded Steel Moment
Frame Structures. This was followed by a five year contract with the SAC Joint Venture that
resulted in Recommended Seismic Design Criteria FEMA 350-354, published in 2000. These
criteria were adopted into the American Institute of Steel Construction design specifications and
by reference into the building codes.
By the mid-1990’s, the U.S. building code community recognized that having three
regional model codes was less than optimal. These codes each had strengths in different areas of
regulation, e.g. wind design in the southeast, fire design in the central and east, and seismic design
in the west. Practitioners and builders in other regions were not required to, nor did they use, the
current best practices. The three legacy model code organizations eventually agreed to unify as
the International Code Council and publish a single set of model codes, the International Codes.
One of many issues making this merger difficult was how to address seismic provisions.
At this time model codes relied on two somewhat different seismic resource documents. The
ICBO Uniform Building Code adopted seismic regulations based on the SEAOC “Blue Book.”
West Coast engineers felt these provisions were superior and had been proven valid by the
numerous earthquakes experienced in California. The BOCA National Code and the SBCCI
Standard Building Code had recently adopted the FEMA NEHRP Recommended Provisions for
the Development of Seismic Regulations for New Buildings which California engineers argued had
never been tested by an earthquake. To help resolve this issue, with support from FEMA, SEAOC
and BSSC worked cooperatively in development of the 1997 edition of the NEHRP Recommended
Provisions to assure that the seismic criteria important to West Coast engineers were incorporated
in this document. With the support of SEAOC, NCSEA and other stakeholders, FEMA’s Code
Resource Development Committee (CRDC) then worked with ICC to adopt the 1997 NEHRP
Recommended Provisions (FEMA 450) into the new International Building Code (IBC).
The ICC promulgated a series of International Codes, which were first published in 2000
and have been updated on a three year cycle since then. The latest edition is 2018 and work has
begun on the 2021 edition. As the IBC matured with subsequent editions, more and more of the
technical seismic design requirements migrated from the IBC to the American Society of Civil
Engineers/Structural Engineering Institute (ASCE/SEI) Minimum Design Loads and Associated
Criteria for Buildings and Other Structures (ASCE/SEI 7) until the decision was made to remove
most of the seismic design criteria from the IBC and just adopt ASCE/SEI 7 by reference. The
latest edition is ASCE/SEI 7-16, which is adopted by reference in the 2018 IBC.

Seismic Performance in the International Building Code
Section 101.3 of the IBC describes the Intent of the code:
“The purpose of this code is to establish the minimum requirements to provide a
reasonable level of safety, public health and general welfare through structural strength,
means of egress facilities, stability, sanitation, adequate light and ventilation, energy
conservation, and safety to life and property from fire and other hazards attributed to the
built environment and to provide a reasonable level of safety to fire fighters and emergency
responders during emergency operations.” (emphasis added)
Although there are exceptions for hospitals, fire stations and other facilities deemed
essential for life safety protection following major disasters, the nation’s building codes are
primarily intended to be life safety codes; that is to protect the lives of building occupants, not the
building itself. Specifically, for earthquakes, this means that buildings are designed to withstand
damage without collapse, allowing for the exit of the building occupants.
For earthquakes, it is intended that structures may be damaged when they experience
intense earthquake shaking. This is because even in seismically active regions, earthquakes are
rare events, and it is believed to be too expensive to provide complete protection (damage
prevention) for the majority of the building stock. However, when an earthquake does occur, the
resulting damage may be so bad that repair is not practical. As long as the occupants were able to
safely escape, the building met its code performance level.
Table 1604.5 of the IBC specifies a series of buildings’ Risk Categories I to IV.
 I structures that are normally unoccupied and low loss consequence to society,
 II is all other occupied structures,
 III is high hazard to life (high occupancy, occupancy by people with limited mobility,
and people society desires to provide enhanced protection, e.g. school children,
buildings housing large volumes of hazardous materials, and certain utilities, and
 IV includes essential facilities (hospitals, emergency response, etc.).
ASCE/SEI 7-16 incorporates a number of criteria intended to provide better performance
of structures assigned to Risk Categories III and IV, including stricter limits on permissible
structural systems, increased regulation of structural irregularities, reduced drift limits, and
increased strength. Increased strength is achieved through application of Risk Category-dependent
Importance factors assigned in ASCE/SEI 7-16, Table 1.5-2. For seismic design, these Risk
Category-dependent Seismic Importance Factors, Ie are:
I = 1.00; II = 1.00; III = 1.25; IV = 1.50
While Importance Factor, Ie, increases required design strength, strength alone is not
sufficient to produce true resilience. While increased strength reduces the potential for structural
damage, it can also increase the likelihood of damage to nonstructural components, many of which
are important to post-earthquake function. Resilience can be achieved by balancing building
strength and stiffness and also by choice and detailing the structural and nonstructural systems.

Performance Based Seismic Design (PBSD) is a concept that permits the seismic design
and construction of buildings directly to achieve desired performance by utilizing a realistic and
reliable understanding of the building’s response to earthquakes and the risk of life, occupancy
and economic loss that may occur as a result of future earthquakes or other significant loading
events. The IBC already allows the use of PBSD. Section 104 of the IBC states:
“The provisions of this code are not intended to prevent … or to prohibit any design or
method of construction … provided that any such alternative has been approved.
“An alternative… design shall be approved where the building official finds that the
proposed design is satisfactory and complies with the intent of the provisions of this code.”
Under this provision, designers can obtain building permits for anything, providing the
designer can demonstrate the design provides equivalent public protection of: safety, health, fire
spread, structural stability, and sanitation. However, the burden is on the designer to demonstrate
equivalence to the building official. There are many examples of recent new structures where the
design did not follow current building code for various reasons but the permit application cited
Section 104 and justified the change using PBSD. Some uses of this approach include:
 Introduction of new technology without waiting for it to be introduced into the code;
 Obtain a more economical structure;
 Be able to obtain other features; or
 Be able to obtain better than code-level performance.
NEHRP Guidelines and Earthquake Codes
The National Earthquake Hazards Reduction Program (NEHRP) leads and coordinates the federal
government’s role in addressing the nation’s earthquake risk. NEHRP’s primary goal is to reduce
earthquake losses. To do this, one focus is on encouraging better design and construction practices
through improvement of our nation’s model building codes. NEHRP design guidance products
link earthquake research results to building design practice. The first product to address seismic
design was FEMA’s NEHRP Recommended Seismic Provisions. This document is updated every
five years, and the most recent version is the 2015 edition. These updated editions continue to be
a primary seismic input into the ASCE/SEI 7 Standard, which is in turn adopted by reference into
the IBC. More importantly, FEMA has invested significant resources into developing guidance
for the seismic retrofitting of existing buildings. FEMA retrofitting guidance products were among
the first to incorporate the first generation of PBSD. This was needed as seismic retrofit to new
building code level protection was deemed too expensive and not necessary to protect existing
buildings, and also that some owners might desire better protection for their structures.
The first FEMA design guide to incorporate PBSD was the NEHRP Guidelines for the
Seismic Rehabilitation of Buildings (FEMA 273) (1997). Following the publication and use of
FEMA 273, FEMA funded an effort convert that document into a pre-standard: Pre-standard and
Commentary for the Seismic Rehabilitation of Buildings (FEMA 356) (2001). Publication of this
pre-standard allowed ASCE to convert this document into an ANSI-approved national consensus
standard, ASCE/SEI 41-06 (2007), which was the first consensus standard to include PBSD
concepts. This standard was later adopted by reference into the IBC and then into the International
Existing Building Code (IEBC), has continued to be updated and improved by ASCE. However,
there were some issues with the first generation of PBSD. These included:






Being unable to account for the considerable uncertainty associated with predicting future
earthquakes and their effects on structures.
The procedures assessed performance based on the failure of a single element or
connection, without considering a more holistic view of building performance.
The procedures could not explicitly assess performance of nonstructural building
components, yet they are responsible for as much as 80 percent of earthquake losses.
Performance level descriptions were confusing to building owners; they needed to be more
relevant for their decision-making process.
FEMA Performance Based Seismic Design Project

PBSD allows for the design and construction of buildings in a manner that takes into account the
risk of life, occupancy and economic loss that may occur as a result of future earthquakes. The
basis for PBSD utilizes an evaluation of a building’s design to determine the range of possible
losses, taking into account the range of potential earthquakes that may affect the facility. The
desired performance for the structure, given a specified level of seismic shaking, is defined at the
initiation of the design process. The decision-maker then selects a performance target, and ground
motion event or hazard level for which this performance is to be achieved. The designer then
performs an assessment procedure to determine whether the desired performance is met for the
selected design hazard. Following the assessment, the building design is adjusted until the
performance assessments indicate a risk of loss that is deemed acceptable by the building owner
or regulator. The PBSD process may be used to:

Design individual critical facilities that are more loss-resistant than typical buildings
designed using prescriptive criteria;

Design individual critical facilities with a higher confidence that they will actually be able
to perform as intended after, or even during, a design event;

Design individual facilities capable of meeting the performance intent of the prescriptive
codes, but at lower cost;

Investigate the performance of structures designed using prescriptive provisions of the
building code and determine the adequacy of this performance; or

Formulate possible improvements to the prescriptive provisions contained in the building
code so that more consistent and reliable performance is attained.
Phase 1 of this project was to develop a Seismic Performance Assessment Methodology.
This used the planning publication Next-Generation Performance-Based Seismic Design
Guidelines: Program Plan for New and Existing Buildings (FEMA 445), which had been
developed by ATC in the Project Planning Phase. To perform the work, FEMA contracted with
ATC, which managed this as their ATC-58 project. The work was completed in 2012, and resulted
in the publication of Guidelines for Performance Assessment (FEMA P-58). The FEMA P-58
series was published in 2012 and includes:
 Volume 1: Methodology
 Volume 2: Implementation Guide
 Volume 3: Supporting Data CD, including a Performance Assessment Calculation Tool
(PACT) for the large amounts of data involved.

This phase included developmental work using research performed by others, including
research performed through the Network for Earthquake Engineering Simulation (NEES) program
that had been sponsored by the National Science Foundation (NSF), the USGS Advanced National
Seismic System (ANSS), the three NSF-funded national earthquake engineering research centers,
other university-based research programs, and the National Institute for Standards and Technology
(NIST). It also built on work by private industry, including the various construction materials
trade associations, and individual construction product manufacturers and suppliers who have
performed some research work in order to facilitate the use of their products and materials in a
performance-based design environment.
Performance-based seismic design is a formal process for seismic design of new buildings
or design of seismic upgrades for existing buildings with the specific intent that the buildings will
probably be able to achieve specified performance objectives in future earthquakes. Performance
objectives relate to the amount of damage the building may experience and the consequences of
this damage including potential casualties; loss of use or occupancy; and repair and reconstruction
cost. They can also include consideration of potential environmental impacts including generation
of waste, expenditure of energy and other resources, and creation of greenhouse gases. The typical
building design process is not performance-based. In the typical process designers select,
proportion and detail building components to satisfy prescriptive criteria contained within the
building code. Many of these code criteria were developed with the intent of providing some level
of seismic performance; however, the intended performance is often not obvious to the designers
and other stakeholders and the design’s actual ability to provide this performance is seldom
evaluated. PBSD as presented in the FEMA P-58 provides probable consequences of performance
and explicit consideration of uncertainties, in terms of:
 Casualties
 Repair costs
 Repair time
 Unsafe placarding
The Performance Assessment process begins by accepting input ground motion from
either: scenario ground motion, time-based probabilistic ground motion, or specific earthquake
magnitude. The user then inputs the building characteristics including its structural system and
components and nonstructural components. The assessment methodology assigns a series of
damage states and fragilities to each building component. The output includes damage and
consequences for each component for each of a large number of runs. The assessment process
models the building structure that is then used to analyze performance using either Nonlinear
Response History Analysis or Simplified Linear Analysis (similar to ASCE-41 LSP). The PBSD
process then uses a Monte Carlo process that includes hundreds to thousands of “spins”. Each
“spin” is termed a “realization” and each realization provides a unique set of: demands, damage,
and consequences. Some possible uses of PBSD and its Performance Assessment Calculation
Tool (PACT) include:
 Evaluation of design alternatives; how is building performance changed if mitigated by:
o Use of an alternate framing system
o Adding components to make the structure stronger/stiffer
o Adding damping or seismically isolate the building
o Changing the building cladding




Provide far more accurate Probable Maximum Loss (PML) computations for insurance and
finance industries.
Conduct comparisons between code-conforming buildings to better validate or improve the
model codes.

In the performance-based process, owners, designers and other stakeholders jointly
identify the desired building performance characteristics at the project outset. Then as design
decisions are made, the effect of these decisions on the building’s performance capability is
evaluated to assure that the final structure will be capable of achieving the target performance.
Phase 1 of the project provided the Assessment Methodology; Phase 2 completes the Design
portion of the Performance Based Seismic design process.
The objective of Phase 2 is the development of the Performance Based Design Guidelines
and Stakeholders Guidelines using the Performance Assessment Methodology developed under
Phase 1 (FEMA P-58-1). Phase 2 will result in guidelines for identifying the selection of
appropriate systems, configurations, strengths, stiffness, ductility and other characteristics
appropriate to meeting performance of different types, in regions of varying seismicity. The Phase
2 work also includes new concepts for communicating with stakeholder/decision makers and
ensuring that the performance descriptions are useful to these decision makers. These products
will include sufficient guidance for these decision makers to take advantage of information on the
probable performance outcomes related to different design criteria decisions. Performance Based
Seismic Design Guidelines will provide the information necessary to:
 Assist decision-makers in selecting appropriate performance objectives for buildings of
different occupancies.
 Assist design professionals in identifying appropriate strategies for structural design of
buildings to achieve specific performance objectives.
 Assist design professionals in developing efficient preliminary designs that will require
relatively little iteration during the design process,
 Quantify the performance capability of typical buildings designed to current prescriptive
building codes, so that the lack of consistency in current performance and the advantages
of performance-based design approaches is evident.
 Provide for direct prescriptive performance-based design of simple buildings to achieve
different performance objectives.
The PBSD Project also includes a series of efforts to determine stakeholder interaction. In
2013, a Workshop on Communicating Seismic Performance Metrics in Design Decision-Making
was conducted. That workshop brought together 45 participants involved in design, construction,
and management of buildings. This included owners, developers, lenders, insurers, institutions,
corporations, building officials, civic managers, and design professionals. A similar Stakeholder
Workshop was conducted in Phase 2 for validation of the proposed approach. This was followed
up by an extensive program of follow-up stakeholder interviews that was conducted to get more
accurate data. The Workshop Findings were the following:
 Probability concepts not well understood by stakeholders.
 Downtime and repair cost metrics were of most interest.
 Value in the breakdown of what is contributing to loss.
 Safety is of interest, but casualty metrics caused concern over liability and disclosure.






Nobody believes what current PML analyses are saying.
Realistic maximum loss information of interest… if it can obtained at a low cost.
There is currently little market for enhanced performance.
Early adopters include: institutions with assets at fixed locations; companies sensitive to
business interruption.
Improving Resilience Using the Building Codes

There has recently been a wide variety of interest in improving resiliency by improving building
performance. Improving resiliency can be considered and accomplished on several levels. For
the purposes of this paper, we will consider two levels; (a) individual structures that are controlled
by the building code and, (b) the community, which provides the lifelines or services necessary
for these buildings to function. At the building level, resilient can be defined as providing the
ability to immediately, or nearly immediately, reoccupy the building after a large earthquake. For
a community, resiliency can be defined as being able to restore its lifelines or services, including
electrical power, natural gas, water, sewer, telecommunications, etc., either immediately or within
a short period of time. This paper primarily addresses the first, or building level, but the second,
or community level, cannot be ignored in this process.
Beginning at the building level, as previously stated, current building codes are only
intended to provide life safety level of performance. Therefore, many structures built to the code
minimum will generally not provide resilient performance in a major earthquake. Given this, one
option to improve resiliency that is gaining popularity is to simply require all buildings meet the
Risk Category IV code requirements found in Section 1604.5 of the IBC. This would increase
strength and stiffness requirements and would generally improve building performance. However,
while simple to understand, such one-size-fits-all solutions present other problems. Improvements
in building performance would vary based on the building construction type and would be much
less effective for some types of building systems. It would also do little to improve performance
of non-structural components contents, which account for most of the damage in earthquakes.
Increasing a buildings’ strength and stiffness also increases building accelerations, increasing
damage to acceleration-sensitive nonstructural building components.
One additional consideration regarding this proposal is that it would not improve the
resilience of Risk Category IV structures, which are often our most critical facilities and are needed
for community response and recovery. For new RC IV structures and other structures where the
owner would like to have a more accurate understanding of how their facility will perform in an
earthquake in terms of dollar loss, downtown and the probability of casualties, such a structure
could be designed using the FEMA P-58 procedure for enhanced performance.
Which brings us to our next option, which would be to design and construct buildings to
specific enhanced performance goals using one of several recently developed tools such as FEMA
P-58 Seismic Performance Assessment of Buildings series. While PBSD in general and FEMA P58 in particular require additional engineering involvement which could increase design costs, in
many cases these increased design costs can be balanced by more efficient use of building
materials while still providing increased performance.

Residential structures are built using a different code; the International Residential Code
(IRC). The IRC only addresses Risk Category II and cannot be used to recommend RC IV. It
could be possible to have more earthquake resilient residential construction by using the “abovecode recommendations” found in the FEMA 232 Homebuilders Guide to Earthquake Resistant
Design and Construction, especially those for wall sheathing found in Chapter 5. These will serve
to stiffen the structure, resulting in less deflection and less damage in an earthquake.
However, resiliency involves far more than just the building. Resiliency is normally
interpreted as a facility being able to provide immediate occupancy level of performance. In order
to meet this requirement, building utilities need to be either be completely operational and
available, or the building has its own emergency utilities. The former relies on a community’s
lifelines being available immediately after an earthquake, which is often not the case. If they are
not, then a facility needs to be able to provide these internally. While most Risk Category IV
facilities have emergency power generation capabilities, these are normally only sufficient to
power emergency equipment and evacuation lighting, and only for a matter of hours to days.
Resiliency to the level of immediate occupancy means that a facility needs to have its own lifelines,
including power generation, water supply, and necessary supplies sufficient to keep the facility
operating for an extended period.
At the community level, resilience also needs to take into account a community’s lifelines
infrastructure. This is usually not the case, and the performance of different lifelines systems can
vary widely. Most lifelines systems are distributive systems and therefore cannot be treated the
same as buildings. Distributive systems are inherently more redundant and can normally survive
the loss of one or a few portions of the system. However, these systems still have critical supply
points, and major earthquakes can often impact these systems and their ability to provide services.
While FEMA at one time developed and published guidance on the protection of lifelines
systems, the last one of these publications was published in 1992. After that, FEMA funded the
American Lifelines Alliance (ALA), which did develop and publish some lifelines systems
standards, but FEMA’s funding was discontinued and ALA eventually ceased to function.
Subsequently, NIST undertook some lifelines planning activities, including funding an ATC
project, which culminated in the NIST CGR 16-917-39 report, Critical Assessment of Lifeline
System Performance: Understanding Societal Needs in Disaster Recovery.
Conclusion
Among all of the tools available to design professionals to improve the resiliency of new and
existing buildings, building codes can be among the most effective. Codes have existed for many
years and have gone a long way towards reducing future losses, but we as a society need to go
beyond life safety codes and include criteria that can provide a higher and more reliable level of
building performance. One such design guidance product is FEMA’s Performance Assessment
Methodology products (FEMA P-58). However, even with these tools, building codes only apply
to one building at a time, and there continues to be a need to look at resiliency at a community
level, both in coordinating overall building performance targets as well as ensuring community
lifelines remain functional so that these buildings can continue to be occupied.

