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The Building Seismic Safety Council (BSSC) was established in 1979 under the auspices of the National
Institute of Building Sciences as an entirely new type of instrument for dealing with the complex regulatory,
technical, social, and economic issues involved in developing and promulgating building earthquake hazard
mitigation regulatory provisions that are national in scope. By bringing together in the BSSC all of the needed
expertise and all relevant public and private interests, it was believed that issues related to the seismic safety of
the built environment could be resolved and jurisdictional problems overcome through authoritative guidance
and assistance backed by a broad consensus.

The BSSC is an independent, voluntary membership body representing a wide variety of building community
interests. Its fundamental purpose is to enhance public safety by providing a national forum that fosters im-
proved seismic safety provisions for use by the building community in the planning, design, construction, regu-
lation, and utilization of buildings.

To fulfill its purpose, the BSSC: (1) promotes the development of seismic safety provisions suitable for use
throughout the United States; (2) recommends, encourages, and promotes the adoption of appropriate seismic
safety provisions in voluntary standards and model codes; (3) assesses progress in the implementation of such
provisions by federal, state, and local regulatory and construction agencies; (4) identifies opportunities for
improving seismic safety regulations and practices and encourages public and private organizations to effect
such improvements; (5) promotes the development of training and educational courses and materials for use by
design professionals, builders, building regulatory officials, elected officials, industry representatives, other
members of the building community, and the public; (6) advises government bodies on their programs of
research, development, and implementation; and (7) periodically reviews and evaluates research findings, prac-
tices, and experience and makes recommendations for incorporation into seismic design practices.
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Notice: Any opinions, findings, conclusions, or recommendations expressed in this publication do not
necessarily reflect the views of the Federal Emergency Management Agency. Additionally, neither FEMA
nor any of its employees make any warranty, expressed or implied, nor assume any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, product, or process in-
cluded in this publication.

Preparation of this publication has been a research and development project, and the information presented
in this report is believed to be correct. The material presented in this publication should not be used or
relied upon for any specific application without careful consideration of its implications and competent
examination and verification of the material's accuracy, suitability, and applicability by qualified
professionals. Users of information from this publication assume all liability arising from such use.

This report was prepared under Cooperative Agreement EMW-9 I-K-3 602 between the Federal Emergency
Management Agency and the National Institute of Building Sciences.

Building Seismic Safety Council activities and products are described at the end of this report. For further
information, contact the Building Seismic Safety Council, 1090 Vermont, Avenue, N.W., Suite 700,
Washington, D.C. 20005; phone 202-289-7800; fax 202-289-1092; e-mail bssc~nibs.org. Copies of this
report may be obtained by contacting the FEMA Publication Distribution Facility at 1-800-480-2520.
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FOREWORD

In 1984, the Federal Emergency Management
Agency (FEMA) initiated a comprehensive, and
closely coordinated program to develop a body of
knowledge in support of building practices that
would increase the ability of existing buildings to
withstand the forces of earthquakes. Societal issues
inherent in seismic rehabilitation processes also have
received attention. At a cumulative cost of about $26
million, this FEMA effort has generated two dozen
publications and a number of sotvare programs and
audio-visual training materials for use by design pro-
fessionals, building regulatory personnel, educators,
researchers, and the general public. The program has
proceeded along separate but parallel approaches in
dealing with both private sector and federal build-
ings.

Already available from FEMA to private sector prac-
titioners and other interested parties is a "technical
platform" of consensus criteria on how to deal with
some of the major engineering aspects of the seismic
rehabilitation of buildings. Completed in 1992, this
technical material comprises a trilogy with support-
ing documentation: a method for the rapid identifica-
tion of buildings that might be hazardous in an earth-
quake and which can be conducted without gaining
access to the buildings themselves; a methodology
for a more detailed evaluation of a building that iden-
tifies structural flaws that have caused collapse in
past earthquakes and might do so again in future
earthquakes, and a compendium of the most com-
monly used techniques of seismic rehabilitation.

Along with this volume, the culminating activity in
the field of seismic rehabilitation is the completion of
a comprehensive set of nationally applicable guide-
lines with commentary on how to rehabilitate build-
ings so that they will better withstand earthquakes.
Known as the AEJRP Guidelinesforthe Seismic
RehabilitationofBuildings (FEMA 273) and the
Commentary on the Guidelinesforthe Seismic
RehabilitationofBuildings (FEMA 274), these vol-
umes, the results of a multiyear, multimillion dollar
effort, represent a first of its kind in the United

States. The Guidelines allow practitioners to choose
design approaches consistent with different levels of
seismic safety as required by geographic location,
performance objective, type ofbuilding, use or oc-
cupancy, or other relevant considerations. The
Guidelines documents also include analytical tech-
niques that will assist in generating reliable estimates
of the expected earthquake performance of rehabili-
tated buildings. This extensive platform of materials
fills a significant gap in that portion of the National
Earthquake Hazards Reduction Program (NEHRP)
focusing on the seismic safety of existing buildings.

The Guidelines documents were given consensus
review by representatives of a broad spectrum of us-
ers including the construction industry; building de-
signers; building regulatory organizations; building
owners and occupant groups; academic and research
institutions; financial establishments; local. state, and
federal levels of government; and the general public.
This process helped to ensure the national applicabil-
ity of the Guidelines documents and encourage wide-
spread acceptance and use by practitioners. It is ex-
pected that, with time, the Guidelineswill be refer-
enced or adapted by standards-setting groups and
model building code organizations and will thereby
diffuse widely into building practices across the
United States.

This volume complements the technical materials
principally oriented to design professionals in the
Guidelines documents. Because of the complexities
and possible disruption caused by seismic rehabilita-
tion projects, this volume's title, PlanningforSeis-
mic Rehabilitation:Societal Issues, calls attention to
tvo important themes: that careful planning can min-
imize possibly difficult societal problems and that
there exists a wide range ofsocietal issues that may
be more significant in rehabilitation projects than in
new construction. In many ways, this publication is
intended to provide a "heads up" to those who are
considering individual or multiple building, construc-
tion class or use, or area-focused seismic rehabilita-
tion efforts.
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Foreword

This volume exploring societal issues reflects very
generous contributions of time and expertise on the
part of many individuals, contributions that are
warmly acknowledged. FEMA is particularly

grateful for the efforts of the BSSC and its consultant
Robert Olson, the Project Oversight Committee, and
the BSSC Project Committee and Seismic Rehabili-
tation Advisory Panel.

FederalEmergency ManagementAgency
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PREFACE and ACKNOWLEDGMENTS

In August 1991, the National Institute of Building
Sciences (NIBS)i entered into a cooperative agree-
ment with the Federal Emergency Management
Agency (FEMA) for conduct of a comprehensive
seven-year program leading to the development of a
set of nationally applicable guidelines for the seismic
rehabilitation of existing buildings. Under this
agreement, the Building Seismic Safety Council
(BSSC) served as program manager with the Amer-
ican Society of Civil Engineers (ASCE) and the Ap-
plied Technology Council (ATC) working as subcon-
tractors. Initially, FEMA provided funding for a pro-
gram definition activity designed to generate the de-
tailed work plan for the overall program. The work
plan was completed in April 1992 and in September
FEMA contracted with NIBS for the remainder of
the effort.

The major objectives of the project were to develop a
set of technically sound, nationally applicable guide-
lines (with commentary) for the seismic rehabilitation
of buildings; to achieve building community consen-
sus regarding the guidelines; and to structure the ba-
sis of a plan for stimulating widespread acceptance
and application of the guidelines. The technical
guidelines documents produced as a result of this
project-the NEHRP Guidelinesforthe Seismic Re-
habilitationofBuildings (FEMA 273) and its Com-
mentay (FEMA 274)-are intended to serve as a
primary resource on the seismic rehabilitation of
buildings for the use of design professionals, educa-
tors, model code and standards organizations, and
state and local building regulatory personnel.

As noted above, the project work involved the ASCE
and ATC as subcontractors as well as groups of vol-
unteer experts and paid consultants, and it was struc-
tured to ensure that the technical guidelines writing
effort benefited from consideration of: the results of
completed and ongoing technical -efforts and research
activities; societal issues, public policy concerns, and
the recommendations presented in an earlier FEMA-
funded report on issues identification and resolution;
cost data on application of rehabilitation procedures;
the reactions of potential users; and consensus review
by a broad spectrum of building community interests.

While overall management has been the responsibil-
ity of the BSSC, responsibility for conduct of the
specific project tasks was shared by the BSSC with
ASCE and ATC. Specific BSSC tasks were com-
pleted under the guidance of a BSSC Project Com-
mittee. To ensure project continuity and direction, a
Project Oversight Committee (POC), was responsible
to the BSSC Board of Direction for accomplishment
of the project objectives and the conduct of project
tasks. Further, a Seismic Rehabilitation Advisory
Panel reviewed project products as they developed
and advised the POC on the approach being taken,
problems arising or anticipated, and progress made.
Three user workshops also were held during the
course of the project to expose the project and vari-
ous drafts of the Guidelinesdocuments to review by
potential users of the ultimate project product.

The final drafts of the Guidelinesand its
Commentary were submitted to the BSSC member
organizations for balloting in October-December
1996 and June-July 1997. The final versions of the
consensus-approved documents were transmitted to
FEMA for publication in September 1997.

This document was developed for the Building Seis-
mic Safety Council by ROA (Robert Olson Associ-
ates, Inc.) to serve as an additional resource to pro-
vide those considering seismic rehabilitation with
insights into the complex economic, social, and polit-
ical issues surrounding such efforts. The BSSC is
gratefull to Mr. Olson for sharing his professional

expertise and participating throughout the project.

The BSSC also wishes to acknowledge the wide vari-
ety of groups that provided Mr. Olson with helpful
contributions .and suggestions. Special appreciation
is extended to the members of the BSSC Project
Committee and Seismic Rehabilitation Advisory
Panel, the participants in the users' workshops held
during the Guidelines development effort, and the
Advisory Committee on Social and Policy Issues
formed for this project by the Earthquake Engineer-
ing Research Institute-all of whom provided valu-
able advice and comments (see Appendix B for com-
mittee/panel membership lists.). The BSSC also
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wishes to acknowledge the efforts of Ugo Morelli,
FEMA Project Officer, and his technical advisor,
Diana Todd, both of whom provided thoughtful and
constructive suggestions during that have immeasur-
ably improved the products of the project.

It should be noted that recommendations resulting
from the concept work of the BSSC Project Commit-
tee have resulted in initiation of a case studies project
that will focus on the development of seismic reha-
bilitation designs for over 40 buildings selected from
an inventory of buildings determined to be seismi-
cally deficient under the implementation program of
Executive Order 12941 and determined to be consid-
ered

"typical of existing structures located throughout the
nation."

Feedback from those reading this Societal Issues vol-
ume and using the Guidelinesdocuments outside the
case studies project is strongly encouraged. Further,
the curriculum for a series of education/training sem-
inars on the Guidelines is being developed and a
number of seminars are scheduled for conduct in
1998. Those who wish to provide feedback or with a
desire for information concerning the seminars
should direct their correspondence to: BSSC, 1090
Vermont Avenue, N.W., Suite 700, Washington,
D.C. 20005; phone 202-289-7800; fax 202-289-
1092; e-mail bsscgnibs.org.

Eugene Zeller, BSSC Chair
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EXECUTIVE SUMMARY

Those involved in the complex process of preparing
the NEHRP Guidelinesfor the Seismic Rehabilita-
tion ofBuildings and its Commentay (referred to in
this publication as the Guidelines or the Guidelines
documents.) recognized from the outset the impor-
tance of helping users deal with the social, economic,
and public policy complexities of rehabilitation. In-
deed, the Executive Director of the Building Seismic
Safety Council, the managing organization for this
project, noted that seismic rehabilitation decision-
makers "possibly are not technically oriented but will
have to say yea or nay on incorporating information
from the Guidelinesinto local practices, be they busi-
ness or regulatory.1

This SocietalIssues volume has been prepared to
acquaint potential users of the Guidelines documents
with typical problems unrelated to design and con-
struction processes that might arise when planning or
engaging in seismic rehabilitation projects and pro-
grams. Further, it is intended to alert readers to the
difficulties inherent in implementing seismic rehabil-
itation recommendations.

The goals of seismic rehabilitation are important.
They include, above all, protecting life and property
in future earthquakes as well as protecting invest-
ments, lengthening a building's usable life, reducing
demands on post-eartbquake search and rescue re-
sources, protecting historic structures, shortening
business interruption time, maintaining inventories
and customers, and reducing relocation needs/de-
mands. Other worthy goals include limiting the need
for post-earthquake emergency shelter and temporary
housing, minimizing the release of hazardous sub-
stances, conserving natural resources, avoiding the
costly processes of settling insurance claims and ap-
plying for post-disaster aid, protecting savings and
contingency funds, reducing the amount of debris to
be removed, and facilitating an earthquake-stricken
community's return to normal patterns of activity.

This publication is structured to emphasize two basic
user-oriented concepts. The first is a four- step itera-
tive process that outlines a set of decision points so
the user can determine whether seismic rehabilitation

efforts are needed and, if so, their potential scope.
The second offers a simple "escalation ladder" to
help users understand the degree of conflict inherent
in and the implications of choosing what, if any, seis-
mic rehabilitation strategies to follow.

The four-step decision process includes:

* Defining the problem by conducting preliminary
and, if needed, detailed analyses of the risk;

* Developing and refining the alternatives for ad-
dressing seismic rehabilitation;

* Adopting an approach and an implementation
strategy; and

* Securing the needed resources .and implementing
the seismic rehabilitation measures.

The strategies available to those who become in-
volved with seismic rehabilitation will reflect the
mixture of private efforts and governing public poli-
cies existing in the specific context (e.g., a city). At-
trition is one choice and has the least conflict. A sec-
ond choice is purely voluntary rehabilitation, but
even this approach may engender some conflict as
government becomes involved in the permitting pro-
cess. The third choice involves a more proactive role
of government and, therefore, a potentially higher
level of conflict; it entails informally encouraging
owners to rehabilitate their buildings by establishing
some standards and triggers and then negotiating the
scope of work on a case-by-case basis as a condition
of being granted the necessary permits. The fourth
and final strategic choice and the one with the high-
est degree of conflict centers on government manda-
tion of seismic rehabilitation-i.e., the establishment
of seismic rehabilitation ordinances defining which
types or uses -ofbuildings require rehabilitation, the
applicable standards, reporting and inspection re-
quirements, time frames for compliance, and penal-
ties for not doing so.

In recognition of the fact that each building is
unique, this publication also examines the wide spec-
trum of socioeconomic issues that may face those
involved in seismic rehabilitation efforts. Each is
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Executive Summary

discussed in terms of the nature of the problem, typi-
cal issues, and some example solutions. Considered
are problems related to historic properties, the distri-
bution of economic impacts, occupant dislocation,
business interruption, effects on the housing stock,
rehabilitation triggers, financing rehabilitation, legal
concerns, and selection of rehabilitation targets.

Inasmuch as the intended users of the Guidelines
documents and this publication are most likely to be
local building and planning officials, private owners
and consulting design professionals, three illustrative
"application scenarios" are presented. Each scenario

presents a situation (for a private company facilities
manager; a local government city manager and build-
ing official; and a consulting engineer) and a list of
considerations that would commonly have to be ad-
dressed.

The economic, social, and political complexities and
the varying seismic environments ofthe United
States are such that seismic rehabilitation programs
will have to be tailored to thousands of individual
situations. This publication therefore provides an
extensive reference section to help the reader locate
additional applicable materials.
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Chapter 1
WHY SEISMIC REHABILITATION?

WHY REHABILITATION?

The core argument for the seismic rehabilitation of
buildings is that rehabilitated buildings will provide
increased protection of life and property in future
earthquakes, thereby resulting in fewer casualties and
less damage than would otherwise be the case. It is a
classic mitigation strategy not unlike preventive med-
icine. On the human level, more earthquake-resistant
buildings will mean fewer deaths and injuries in an
event and therefore lower demand on emergency
medical services, urban search and rescue teams, fire
and law enforcement personnel, utilities, and the
providers of emergency shelter. In the commercial
sector, less damage to structures will mean enhanced
business survival and continued ability to serve cus-
tomers and maintain markets or market shares. More
specifically, for commercial enterprises seismic reha-
bilitation will better protect physical and financial
assets; reduce inventory loss; shorten the business
interruption period; avoid the need for relocation;
and minimize secondary effects on suppliers, ship-
pers, and other businesses involved in support ser-
vices or product cycles. For governments, less dam-
age to government structures will mean continued
services and normal processes or at least minimal
interruptions. If government structures come through
an earthquake with little or no damage, agencies will
not have to relocate services, and public officials can
respond to the immediate and long-term demands
placed on them by the event. In short, seismic reha-
bilitation as a pre-event mitigation strategy actually
will improve post-event response by lessening life
loss, injury, damage, and disruption.

Seismic rehabilitation also, will help achieve other
important goals, that contribute to business and com-
munity well-being. For example, seismic rehabilita-
tion will::

* Reduce community economic and social impacts
(e.g., less loss of employment and increased
blighted areas resulting from an earthquake and
less loss of tax revenues to support public
services).

* Minimize the need for and the process manaae-
ment time required to obtain disaster assistance as
well as the financial impacts of filing insurance or
disaster assistance claims, seeking loans or grants,
and liquidating savings or contingent reserves.

* Help to protect historic buildings, structures. or
areas that represent unique community values and
that provide the residents with a sense of their
unique histories.

* Minimize impacts on such critical community ser-
vices as hospitals and medical care facilities,
whether or not such services are provided by pri-
vate. nonprofit, or government entities.

* Support the community's post-earthquake need to
return to a pattern of normal activities by helping
to ensure the early reopening of business and civic
facilities (e.g., functioning schools, stores, and
government offices). In addition to reducing de-
mands for immediate assistance, such as provid-
ing emergency shelter and food, restoring normal
activities as soon as possible contributes greatly to
the psychological well-being of a community -
e.g., children return to school, parents return to
work, businesses reopen, and links with the
broader "outside world" are restored.

* Minimize the many and often subtle direct and
indirect socioeconomic impacts of earthquakes,
some of which emerge slowly but often last a long
time. For example, after a disaster, low-income
residents often become displaced which adds to
any existing homeless problem and increases the
burden on community services and charitable or-
ganizations, often reducing their abilities to pro-
vide regular services. Further, marginal
businesses may not be able to reopen, thus weak-
ening a community's economic and social fabric
and reducing tax revenues, which may result in a
shift in the tax structure to pay for public services.
Finally, the distribution of impacts may mean that
adjacent areas gain at the expense of the damaged
areas.
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ChapterI

* Reduce the difficult environmental impacts of
earthquakes. These include, for example, the
need to dispose of large quantities of debris, the
release of asbestos in damaged buildings, and the
contamination of the air and water with spilled
hazardous materials.

In sum, the rehabilitation of existing buildings to bet-
ter resist future damaging earthquakes truly is "pre-
ventive medicine." While seismic rehabilitation
costs money, it can significantly reduce future losses
and, in economic terms, can be considered an invest-
ment to protect assets currently at risk. Emergency
response capabilities, as good as they are in U.S.
communities, are no substitute for amelioration ofthe
direct and indirect losses to each citizen's physical
assets and each community's infrastructure.

WHAT FOLLOWS?

Completing this SocietalIssues volume are five addi-
tional chapters plus an appendix to help the reader
achieve the multiple goals of seismic rehabilitation.

Chapter 2 provides a decision-making guide to sup-
port the analysis and implementation of efforts to
seismically strengthen buildings. Chapter 3 de-
scribes the broad context in which seismic rehabilita-
tion occurs, explains how different approaches in-
volve various complexities and degrees of conflict,
and provides guidance and case study examples of
various approaches and tactics to achieve seismic
rehabilitation. Chapter 4 examines a wide range of
typical societal problems and explores various ways
of addressing them. Chapter 5 presents three appli-.
cation scenarios designed to help the user understand
his or her situation and the factors that may be in-
volved in initiating a seismic rehabilitation effort.
Chapter 6 points the reader toward some of the socio-
economic literature related to seismic rehabilitation
while the Appendix provides a detailed discussion of
the four-step process for solving problems. The re-
port concludes with an overview of the purpose and
activities of the Building Seismic Safety Council and
a list of those involved in the Guidelinesproject.
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Chapter 2
A DECISION-MAKING GUIDE

INTRODUCTION

While the seismic rehabilitation of existing buildings
presents many of the same challenges to private as
well as public sector decision-makers, this publica-
tion is intended primarily for local government offi-
cials, especially those in planning, redevelopment
and building departments, and public agency and
private engineers who find themselves involved in
the public policy aspects of seismic rehabilitation.

Despite the fact that each building has "its own story"
when it comes to seismic rehabilitation, similar pub-
lic policy issues reappear so often that providing a
generalized approach to achieving seismic rehabilita-
tion is possible. Therefore, a generic, four-step pro-
cess is outlined for use primarily by local government
officials as well as, building owners, engineers,
-and/orprivate consultants seeking approval from lo-
cal governments to seismically rehabilitate -abuilding
or group of buildings.

Secondarily, this publication is directed toward
private-sector decision-makers. The term "private
sector" is admittedly quite broad, encompassing the
owner of one office building in a small city in a low
seismic risk (and awareness) zone, the owner of
multiple-unit apartment buildings in a zone of
moderate risk (and awareness), a large corporation
with facilities in high seismic risk (and awareness)
zones, and al] those in between.

Nonetheless, despite obviously different contexts and
specific problems, the shared nature of the
earthquake-vulnerable structure problem establishes
certain commonalities between the private and public
sectors. Although some parts of this publication may
be more relevant than others, the hope is that it will
be useful to corporate facility managers who wish to
seismically rehabilitate a building or group of build-
ings and must secure appropriate approvals and sup-
port from chief executive officers, boards of direc-
tors, or clients. It is important to note, however, that
the engineering expertise of a design professional
(architect, engineer, code official) is a prerequisite to
the appropriate use of the Guidelines documents.

It should be noted that even if community or private-
sector decision-makers responsible for one or more
types of earthquake-vulnerable structures anticipate
and address the social, economic, and political com-
plications inherent in seismic rehabilitation, the prob-
lems will not be eliminated. This approach will,
however, facilitate their management. In addition,
effectively managing the human or nontechnical
problems of seismic rehabilitation hopefully will
make the use of the separate but companion en-
gineering publications, the Guidelines documents,
more tailored and therefore more sensitive to particu-
lar situations and environments.

AN OVERVIEW OF THE FOUR-STEP
PROCESS

A common four-step problem-solving process fol-
lows:

1. Defining the problem

1A. Conducting preliminary analysis

IB. Conducting detailed analysis (+ feedback)

2. Developing and refining alternatives (+ feed-
back)

3. Adopting an approach and implementation
strategy (+ feedback)

4. Securing resources and implementing (+ feed-
back)

As in many processes of this type, this generic four-
step model emphasizes the feedback function at ev-
ery step because no existing building seismic rehab-
ilitation effort can possibly succeed in isolation, no
matter how splendid the technical components. Seis-
mic rehabilitation takes place in a ivide variety of
socioeconomic and political contexts, and continuous
feedback and adjustments are necessary for success.
The number of affected buildings, the acceptable
level of risk defined by the selected rehabilitation
performance objectives, the duration of the program,

3



Chapter2

the cost, and the social and economic impacts are
interdependent. By the very number and nature of
the variables, seismic rehabilitation decision-making
is very complex for it must balance so many consid-
erations.

The level of detail, amount of data collected, degree
of analysis, formality of procedures, and resources
committed will vary with the intended use of the en-
gineering publications (the Guidelines documents)
and with the conditions and circumstances faced by
the reader. As a result, given differing community,
jurisdictional or corporate contexts, each reader must
determine the extent of data collection and analysis
of alternatives needed. In other words, each step
constitutes a kind of progressive discovery leading to
a better understanding of the issues. Each step tests
whether the seismic risk justifies the cost and effort
involved in taking the next step. Thus, the process is
essentially iterative with the steps building on
assumptions and estimates of the nature and scope of
potential problems and then allowing expansion and
refinement of the approach.

Step 1, "Defining the Problem," actually comprises
two substeps: "preliminary analysis"and "detailed
analysis." Preliminary analysis (Step IA) entails an
initial and perhaps even cursory survey of the general
issues raised by an identified earthquake threat. Be-
cause earthquake-induced life and property losses
tend to be concentrated in building types already
known to be vulnerable, once a relatively specific
degree of seismic risk and likely consequences have
been identified, the issue of seismic rehabilitation
arises almost immediately. Therefore, the product of
Step lA is simply a good enough understanding of
the seismic risk, the possible scope of potential build-
ing rehabilitation efforts, and the implications of such
rehabilitation for owners, occupants, and the commu-
nity so that an informed decision to proceed or not
proceed can be made. If a decision is made to pro-
ceed, Step lB, detailed analysis, defines more pre-
cisely the nature of the risk and the problem through:

1. Collection of data on the physical nature and pol-
icy implications of possible target buildings

2. Refinement and expansion of the initial under-
standing,

3. Definition of the specific problems and impacts,
and

4. Identification of the people and organizations
potentially affected by rehabilitation.

The product of Step 1B is a decision to proceed or
not proceed given consideration of alternatives and
the impact of the decision.

Step 2, "Develop and Refine Alternatives," involves
using the data assembled under Step IB to develop
and refine alternative approaches that address the
seismic rehabilitation of existing buildings in light of
the risk, the costs, and the social and economic im-
pacts. Thus, Step 2 provides a kind of "menu" delin-
eating seismic rehabilitation options for communities
in various risk situations. Step 2 usually is a very
long and involved process, but the key variables al-
ways are the desired performance levels, the scope of
the approach, and an estimate of the costs. The first
determines how much rehabilitation needs to be ac-
complished; the second determines how many build-
ings of what type and use are to be subject to rehabil-
itation; and the third estimates the cost of each alter-
native. The outcome of Step 2 is a recommendation,
usually from a facilities manager or building official,
to the next-level decision-maker(s) on a particular
approach to seismic rehabilitation. For public enti-
ties, an environmental impact report may be required
as part of this step.

Step 3, "Adopt an Approach and Implementation
Strategy," is the decision point at which the city or
county council, chief executive officer, board, build-
ing owner, agency director, or whoever is charged
with the final responsibility considers the rehabilita-
tion recommendation, receives input from other
sources, and weighs the alternatives (not to be ig-
nored is the alternative of doing nothing). Funda-
mentally, the decision to act on, modify, or reject a
seismic rehabilitation plan is a political decision,
whether made by government or a private-sector
body. It is a decision that allocates scarce resources,
costs, and benefits. It determines who benefits,/who
pays how much and when, and who bears the indirect
costs (e.g., employees, tenants, suppliers,). Finally,
the decision to act sets in motion the necessary orga-
nizational routines to actually yield activity, in this
case seismic rehabilitation.
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Step 4, "Secure Resources and Implement," is the
critical process that turns a decision to rehabilitate
into its physical result--safer, more seismically resis-
tant buildings. Without resources (personnel, bud-
get) to carry out seismic rehabilitation, the adoption
of an approach is simply "a piece of paper." In addi-
tion, even when the necessary resources are allo-
cated, implementation may be quite extended
depending upon the number of buildings slated for

rehabilitation, and feedback is perhaps more impor-
tant here than in any other step. Whoever is charged
with overseeing the seismic rehabilitation must be
kept apprized of any new techniques or standards
that might alter the approach. In addition, the pro-
gram manager must provide for quality control and
must monitor and mitigate, to the extent possible,
both the anticipated and the unanticipated socioeco-
nomic and political side effects of seismically reha-
bilitating buildings.
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Chapter 3
SEISMIC REHABILITATION IN CONTEXT

EACH BUILDING HAS ITS OWN STORY

Earthquake-vulnerable buildings exist nationwide,
but the earthquake hazard is not uniform across the
country. Moreover, awareness of th earthquake haz-
ard, the precursor to any action, varies even more
than the hazard itself. Therefore, tackling the earth-
quake-vulnerable building problem takes place in an
incredibly diverse set of geographic, social, econom-
ic, and political environments. Further complicating
the situation is the fact that no two buildings (even
within the same jurisdiction) ever seem to present
exactly the same problems. Each, building has its
own earthquake-vulnerability profile - location,
architecture, structural system, occupancy, economic
role, and financing. In other words, each building
has its own story.

In sum, while few would quibble with the general
legitimacy of a policy whose goal is the seismic reha-
bilitation of earthquake-vulnerable buildings, seismic
rehabilitation will be achieved on a city-by-city and,
actually, on a building-by-building basis. Such is life
in a continent-sized nation with a federal governmen-
tal system. The intent of this chapter is to place and
explain seismic rehabilitation in various socioecon-
omic and political contexts and to offer a set of ap-
proaches or "models" to inform and guide action.

LOOK BEFORE REHABILITATING

In point of fact, if you are reading this document, you
most likely are already beyond what is known in pol-
icy analysis as the "problem recognition stage." Pre-
cisely because you are reading this volume and pre-
sumably the Guidelinesdocuments, you are aware of
buildings that may be seismically unsafe and you
wish, or feel compelled, to do something about the
threat. In other words, you are already aware that a
problem may exist, and you wvant to learn more about
how to solve it.

It merits noting that the Guidelines documents repre-
sent a federally funded engineering innovation in

earthquake safety and are designed for use in a wide
variety of settings. Overall, the purpose of the
Guidelines documents is to help you with the techni-
cal aspects of actually accomplishing seismic rehab-
ilitation. This volume, however, explores the non-
technical factors involved in seismic rehabilitation.

Precisely because seismic rehabilitation is not a
purely technical process, an often bewildering array
of problems and complexities arise. Abating the risk
posed by earthquake-hazardous buildings often
brings into play social, economic, psychological, and
various other considerations that make seismic reha-
bilitation very complex and, in those situations in-
volving compliance with governmental seismic reha-
bilitation requirements, quite political.

SEISMIC REHABILITATION AND
PUBLIC VALUES

By standard definition, politics is all about "the au-
thoritative allocation of values' or, as one scholar put
it, politics is "who gets what, when, and how." Poli-
tics, therefore, is an arena of conflict, cooperation,
and compromise in which a pluralisticldemocratic
society, or a constituting jurisdiction, determines how
and by whom a particular problem is identified, de-
fined, addressed, and resolved - and then at what
and whose cost. Given that seismic rehabilitation is
really about "life safety," a central value if ever there
was one, it often becomes political. Following di-
rectly from this observation, four points should be
kept in mind:

First, seismic rehabilitation projects entail direct
*costs (e.g, engineering evaluations, the rehabilitation
itself, temporary relocation), and these have to be
allocated in some fashion or combination to building
owners, tenants, government, andlor the public.

Second, seismic rehabilitation also entails social dis-
ruption (individual as well as neighborhood) and eco-
nomic loss (foregone income). These "indirect
costs," especially in urban areas, often affect the most
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marginal populations (the poor, minorities, the el-
derly) and must be borne in some way as well.

Third, it has proven inherently difficult to explain to
affected populations the meaning of seismic perfor-
mance levels, earthquake risk, and the effectiveness
of- and trade-offs between - varying rehabilita-
tion standards. While both direct and indirect costs
are immediate, visible and have to borne by some-
one, the benefits of enhanced life safety are only
probabilistic and rather vague (when an earthquake
strikes, fewer lives will be lost); therefore, the debate
often appears to suffer from misperception, misun-
derstanding, and shifting ground.

In fact, however, seismic rehabilitation involves val-
ues in conflict. The conflicts revolve around the
trade-offs between improved life safety, a somewhat
abstract concept, and very concrete costs, which are
not abstract at all. Alesch and Petak (1986, pp. 66-
67) capture the essence of this conflict with a quote
drawn from one of the public hearings on the famous
Los Angeles "Chapter 88" ordinance at which a citi-
zen offered the following emotional observation:

Now I've heard everything! Our brilliant City
Council is going to tear down 14,000 buildings
because there might be an earthquake that might
knock these buildings down and the people might
get hurt. So you're going to knock them down first
and leave them [the people] homeless instead.
That's like cutting off your arm so then you won't
ever have to wony about breaking it. Are you
gentlemen playing with all your marbles?

Fourth, earthquake awareness varies significantly
across regions of the United States and interacts sub-
tly with all of the above, with a normalcy bias (don't
rock the boat), and with a reluctance by political
leaders to being perceived as "unfair." The percep-
tion of being unfair needs explanation, however.
Even iftheir life-safety motives are as pure as driven
snow, political leaders are sensitive to this charge for
it has deep roots.

The nation's founding fathers included in the Bill of
Rights a guarantee against ex postfacto (retroactive)
legislation-that is, they expressly forbade laws that
would make illegal an act that was not illegal at the
time it was committed. This is a prohibition against
"changing the rules after the game has been played."
In the earthquake safety domain, seismic rehabilita-

tion tends to strike this "changing the rules" nerve in
our culture. It actually took a 1966 California Su-
preme Court decision to clear away legal obstacles
for jurisdictions to require the abatement of a hazard-
ous structure. While the particular case (City of Bak-
ersfieldv. Milton Miller) involved condemnation
based on fire hazard, the decision provided the legal
basis for subsequent retroactive earthquake programs
in California. The court held:

The fact that a building was constructed in accor-
dance with all existing statutes does not immunize
it from subsequent abatement as a public nuisance.
... In this action the City [Bakersfield] does not
seek to impose punitive sanctions for the methods
of construction used in 1929, but to eliminate a
presently existing danger to the public. It would be
an unreasonable limitation on the powers of the
City to require that this danger be tolerated ad infi-
nitum merely because the hotel did not violate the
statute in effect when it was constructed 36 years
ago.

The essential validity of City ofBakersfield v. Milton
Miller was upheld in 1984 by Barenfeld v. City of
Los Angeles, a case specifically involving
earthquake-vulnerable buildings. Thus, for improved
seismic safety, it seems that "changing the rules" is
an inevitable byproduct of disaster learning and the
impact of such learning on governmental responsibil-
ity for public safety.

Historically, earthquake disasters often have pro-
vided nasty surprises by showing entire classes of
buildings to be seismically unsafe. The 1933 Long
Beach earthquake demonstrated unreinforced ma-
sonry (URM) bearing wall buildings to be unsafe and
the 1971 San Fernando earthquake confirmed the
poor performance of these buildings and also showed
that more newer "soft-stories" and "tilt-ups" were un-
safe. The problem, of course, is that these types of
buildings were not known to be earthquake-vulnera-
ble or to pose life safety threats when they were orig-
inally constructed. Indeed, many buildings now
deemed unsafe in an earthquake of a specified mag-
nitude and ground motion met code requirements or
at least common practice at the time of their
construction. This "then/now" knowledge problem is
the source of the tension between disaster learning
and the political-cultural reluctance by decision-mak-
ers to be seen as changing the rules retroactively.
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The most recent example of an unpleasant earth-
quake lesson comes from the 1994 Northridge earth-
quake, which revealed as vulnerable steel frame
buildings, long believed to be the most earthquake-
resistant type of construction. As a January 20,
1995, press release from the Structural Engineers
Association of California, Applied Technology
Council, and the California Universities for Research
in Earthquake Engineering (SEAOC/ATC/CUREe)
noted:

The damage to . .. steel buildings has raised many
serious questions for the design profession. Be-
cause many damaged structures were designed us-
ing the latest building codes and built according to
modern construction practices, seismic building
codes for steel construction have been essentially
invalidated.

In sum, earthquakes teach, usually painfully if not
tragically, but the learning generates state-of-the-art
advances in earthquake engineering that, in turn, gen-
erate "guilty knowledge" about flaws in the existing
building stock. The term "guilty knowledge" refers
to the gap in time between the lessons disasters teach
to the design professions and the corresponding pol-
icy and administrative changes. This time lag be-
tween awareness of specific risks and appropriate
mitigation actions - the gap between a spot on the
engineering and geotechnical learning curve and a
spot on a corresponding public policy and adminis-
trative curve - has been termed "guilty knowledge."
This term is a convenient way to express two differ-
ent learning curves; it does not have any legal impli-
cations as used in this context (Olson and Olson,
1996, p. 30).

The increasingly sophisticated knowledge within the
engineering community about weaknesses in the seis-
mic resistance of various types of existing buildings
is the moral and professional core of, and the motiva-
tor for, the Guidelines documents. If the engineering
state of the art were static and no learning occurred,
there would be no "guilty knowledge" and no need
for seismic rehabilitation or, for that matter, the
Guidelinesdocuments and this volume. To The con-
trary, however. the engineering state of the art is dy-
namic, not static; disaster learning occ5s, generating
guilty knowledge: Thus, seismic rehabilitation be-
comes professionally important, and the Guidelines
documents, and this volume are now necessary.

RAISING EARTHQUAKE AWARENESS

In recent years, considerable effort has been devoted
to the preparation and wide dissemination by the
Building Seismic Safety 'Council (BSS'C) of provi-
sions and technical criteria for the construction of
new buildings and certain nonbuilding structures. Of
particular relevance to the rehabilitation-focused
Guidelines documents, however. was a finding from
an evaluation ofthe dissemination process of the
BSSC's new buildings resource document:

Much of the success of BSS'C's progra was con-
tingent upon first raising the target audiences'
awareness of the nature -oflocal seismic risks and
of the NEHRP Recommended Provisionsthem-
selves. [Regarding implementation] the planning
should take into account the importance of coordi-
nating this effort with educational programs being
conducted by other federal, state, regional, and lo-
cal governmental agencies as wvell as non-profit
professional and trade organizations (Nigg and
Mushkatel).

Awareness was and remains the key to managing ev-
erything in the nontechnical aspects of seismic reha-
bilitation but especially to the approach and tactics
chosen. Except for relying on normal attrition, many
decisions will boil down to managing levels of antici-
pated conflict inherent in choosing seismic rehabilita-
tion strategies.

ATTRITION: THE PERMANENT
CONTEXT

It must be kept in mind that a regular building re-
placement process is ongoing in virtually every juris-
diction inthe United States, a process that directly
affects the earthquake-vulnerable building problem.
For seismic rehabilitation, this attrition is a contex-
tual process of building replacement that can - but
not always does - make the hazardous structure
problem more tractable. For attrition to have a posi-
tive effect on seismic rehabilitation, ajurisdiction
must exhibit strict adherence to current codes con-
taining seismic provisions appropriate for its seismic
risk zone. The idea is to prevent the construction of
new buildings of the types previously identified -as
earthquake-vulnerable (and of other earthquake-vul-
nerable classes for that matter) while the normal pro-
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cess of building replacement slowly reduces the num-
ber of existing earthquake-vulnerable buildings.

It might be helpful to think of earthquake-vulnerable
buildings as a "stock and flow" problem. At any
point in time, ajurisdiction will have a certain num-
ber of buildings that present life-safety threats in an
earthquake of a specified magnitude and ground mo-
tion. That is the "stock" of the problem. Simulta-
neously, normal attrition processes in the community
are reducing the number of vulnerable buildings,
which is the "flow out" as it were. One key mitiga-
tion measure then is to prevent new, nonearthquake-
resistant buildings from being constructed, which is
the "flow in." In fact, in jurisdictions where an earth-
quake risk exists but the building codes do not have
adequate seismic requirements or where the seismic
requirements are not adequately enforced, the stock
of vulnerable buildings may actually increase (i.e., if
"flow in" exceeds "flow out," the stock of problem
buildings goes up). Thus, for attrition to work posi-
tively with, not negatively against, efforts at seismic
rehabilitation, a jurisdiction must keep up with the
state of the art in building codes, enact them in a
timely manner, and see to their careful enforcement.

Looked at from a different perspective, attrition is a
race between building replacement and the recur-
rence interval of the appropriate "planning earth-
quake" for that jurisdiction. The assumption is that
attrition will reduce the number of earthquake-vul-
nerable buildings to some acceptable minimum be-
fore the next earthquake capable of bringing them
down or rendering them economically useless occurs.

For the record, assuring that attrition plays a positive
role in abating the hazard posed by earthquake-vul-
nerable buildings is not without a level of conflict
itself. Enactment and enforcement of a building code
for new construction always entails debate, especially
for jurisdictions that have never had a building code
or seismic provisions within that code. Such conflict
is usually limited to scientific and technical argu-
ments about the existence of an earthquake hazard in
that jurisdiction or, if existence of hazard is accepted,
the severity of the risk. In the latter case, arguments
about recurrence intervals for a specific magnitude
event (the planning earthquake) predominate.

Extended attention to attrition is given here precisely
because it is permanent and will play a role in every

one of the three following models of seismic rehabili-
tation, even in the "Mandatory Program Model." For
example, in the Los Angeles program, attrition alone
over the life of the program was expected to reduce
the number of unreinforced masonry buildings
(URMs) by 50 percent (4,000 buildings), leaving the
city with only a hard core of 4,000 URMs with which
to deal. As of 1991, 10 years after enacting the
URM ordinance, of the URMs in Los Angeles, 53
percent had been strengthened, 17 percent had been
vacated or abandoned, 16 percent had been demol-
ished, and 14 percent were still pending action (by
1995, this may have been reduced to 5 percent ac-
cording to Comerio, 1991, and personal communica-
tion, 1995).

MODELS OF ESCALATING CONFLICT

Two observations can be offered about the conflict
potential inherent in the application of the Guidelines
documents. First, the higher the earthquake aware-
ness or "earthquake consciousness" of a region or
jurisdiction, the easier it will be for proponents to
explain enhanced life-safety probabilities and thereby
justify and gain acceptance of seismic rehabilitation,
at least as a concept. Looking back, it is not a coinci-
dence that California has been a legislative leader in
hazardous structure abatement at both the state and
local levels with the most famous ordinance being
"Chapter 88" of the City ofLos Angeles Building
Code.

Second, most analyses have focused on formal haz-
ardous structure abatement programs that involve
public policy directed at rehabilitating an identified
set of structures. Indeed, the only book-length study
is Alesch and Petak's 1986 The PoliticsandEconom-
ics ofEarthquakeHazardMitigation. Unreinforced
Masonry Buildings in Southern California,which
describes and analyzes the abatement efforts in
(chronologically) Long Beach, Los Angeles, and
Santa Ana.

In such formal or "mandatory" programs, the criteria,
priorities, timetables, and costs are publicly debated
- always contentiously - before the decision-mak-
ers (usually a city council) reach the final approval
stage and then move into implementation. Little
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wonder that local governments find mandatory pro-
grams very difficult to enact and implement.

Such programs must be technically defensible, must
provide for exceptions and appeals, require staff or
consulting expertise, and must be perceived as not
violating the "not changing the rules of the game"
principle of fairness or as singling out owners and
occupants of the targeted building class(es) for costly
rehabilitation measures. As a result, mandatory pro-
grams tend to mobilize vocal constituencies. Califor-
nia examples of this type of formal program would
include not only Los Angeles, Long Beach, and
Santa Ana but also Santa Rosa and a few other cities.

The mandatory program idea, however, is not feasi-
ble for most jurisdictions in the United States outside
California given the varying levels of seismic hazard
but low levels of seismic awareness. Only in juris-
dictions with relatively high levels of seismic hazard
and awareness will a mandatory program proposal
achieve a place on political agendas, in part because
it effectively lodges at the upper end of a policy esca-
lation ladder based on conflict potential.

There are, however, two other generic seismic reha-
bilitation policy options, both of which may be more
realistic for much of the United States than the
"Mandatory Program" model: the "Informal/En-
couragement Program" model and the "Voluntary
Program" model. To illustrate the level of conflict
associated with the three models, see Figure I below
which places them on a I 0-point "escalation ladder."

Note, however, that this escalation ladder should not
be confused with seismic rehabilitation triggers,
which are discussed later and define under what con-
ditions seismic rehabilitation requirements must be
met. Rather, this ladder is a way of viewing the
range of possible policy choices and sorting out their
respective implications.

The escalation ladder also highlights another crucial
variable - the degree of "pro-activity" exhibited by
a building department. As will be explained below.
in the "Voluntary Program," a building department is
essentially passive. In the "'Informal/Encouragement
Program," a building department plays a stronger,
more pro-active role, although on a selective basis.
In the "Mandatory Program," however, a building

department is on the point, pushing or at least imple-
menting surveys and program directives.

I &(Highest Conficdt) ......
B The- MandatoryeProran.f.i.........

,7
S6T-he"InfbrmallE entourant Parogramn

2.'s .'iS'.''"'Wl ' .. .1... '' .... ; ' t-'
. (:ILowest Conflict- The."oWluntryPrgramil"

Figure I Seismic rehabilitation escalation ladder.

A slight variation of this approach reflects the corn
plexity of the relationships between levels of govern-
ment. Sometimes local officials or, more precisely,
local issue advocates want the rules to be set by the
state, for example, because they expect a high degree
of conflict over the issue. Even if they believe seis-
mic rehabilitation is the "right thing to do," state
mandates allow local implementors to skillfuIlly avoid
conflict by explaining that they have no choice but to
"carry out a state mandate."

The Voluntary Program

Not adequately appreciated is the number of build-
ings that have been and are being seismically rehabil-
itated by their owners without compulsion by local
building officials. Such rehabilitation may focus on
the seismic aspect alone or may feature seismic as-
pects as part of a larger remodeling effort. Either
way, it is essentially a private Or at least an owner-
driven and, therefore, low-conflict process that ex-
plains its placement at conflict point "1" on the esca-
lation ladder. Under this "Voluntary Program," own-
ers decide, for a variety of reasons, to seismically
rehabilitate their structures and approach building
officials for permits and perhaps even for assistance
or advice on how a building or buildings might be
modified to achieve a desired level of earthquake
performance. The building official then permits
owners to rehabilitate the buildings on their own.
Interestingly, following damaging earthquakes, vol-
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untary rehabilitations often surge - even in jurisdic-
tions not directly affected by the event.

The advantages of the "Voluntary Program" are con-
siderable. Government coercion is not needed. Or-
dinances are not required. The media do not become
involved. Motivations and decisions are largely in-
ternal. Courts and lawyers are largely avoided. Poli-
tics is seldom a factor. Community impacts are rela-
tively minor. This approach is neither as rare nor as
utopian as it might appear. Seismic rehabilitation is
going on all the time in a wide variety ofjurisdic-
tions, but it occurs largely without notice except pos-
sibly within the local professional community.

Chosen from literally dozens of examples, four signi-
ficant voluntary rehabilitations are described below:
a public building in Utah; a private building in South
Carolina; a private multibuilding complex in Califor-
nia; and a school rehabilitation program in Missouri,
the case that best illustrates the model. Each case is
different, but all share the common theme of low pro-
file, internal decision-making and self-funding. A
fifth case from Tennessee, an effort that was unsuc-
cessful, is also described below for the sake of bal-
ance.

Voluntary seismic rehabilitation appears to occur in
either of two contexts. In some cases, seismic con-
siderations are piggybacked onto broader remodeling
or rehabilitation efforts. In other cases, the seismic
rehabilitation is an end in itself and is undertaken as
an investment in the survival of the building against a
recognized earthquake threat. The essence of the
decision remains at the building level, and it is made
by the owner, although mortgage and/or insurance
companies also may play a role.

A special note on remodeling is in order. A remodel-
ing effort can cut both ways for seismic resistance of
a structure. While seismic strengthening obviously
can be piggybacked onto remodeling, a danger lurks
there as well. Unless a building official is attentive,
especially in areas where earthquake awareness is
low, remodeling can actually reduce the earthquake
resistance of a structure depending upon how the re-
modeling is designed and carried out (e.g., it can
weaken a load bearing or shear wall). One building
official who caught such a remodeling weakening
combination termed it a version of "one step forward,
two steps back." The Guidelines documents them-

selves serve as a bulwark against such inadvertent
weakening and as a resource for building officials
caught in such situations.

The "Voluntary Model" contains obvious defects.
First, the scope is limited only to those buildings
whose owners are enlightened and/or who see long-
term financial advantages in seismic rehabilitation.
In other words, the rehabilitation is not systematic
and depends upon financial feasibility and owner
receptivity or "good citizenship." Second, the pace
of seismic rehabilitation in a community is unpredict-
able for the same reasons. Third, the direct costs as
well as the indirect costs will be passed along to the
tenants, employees, and/or consumers without public
discussion and, therefore, without a wide airing of
alternatives and consideration of amelioration possi-
bilities for those affected. Fourth, it is likely that the
"worst" buildings, precisely because they are
marginal-value properties in the first place, will not
be rehabilitated by their owners, a fact that has an
interesting dark side.

If we assume that seismically rehabilitated commer-
cial and residential buildings will command higher
rents, it will drive out the poorer tenants and send
them toward cheaper space - very likely into those
buildings whose owners have not seen fit to rehabili-
tate their structures. Therefore, at least in the short to
middle run, it is possible that voluntary seismic reha-
bilitation may actually increase the population con-
centration at risk in other (unrehabilitated) buildings.

In addition, seismic rehabilitation and its costs are
only inputs into a larger decision. While the Guide-
lines may offer seismic rehabilitation goals, tech-
niques and cost estimates, other factors may prove
decisive, especially if the total rehabilitation project
costs outweigh new construction costs.

In total, the case studies illustrate that while the
Guidelines documents will be extremely useful,
many other factors often will be present. As appeal-
ing as voluntary approaches are, there are some seri-
ous risk perception and economic obstacles to their
more widespread use. Among them are individuals'
estimation of the probability of an earthquake damag-
ing their structure being sufficiently low that the in-
vestment in rehabilitation will not be justified; the
tendency to assign very high discount rates to such
decisions, which results in giving future benefits very
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little weight compared to spending money for protec-
tive measures; and judgments that current prices for
seismic rehabilitation measures simply are too high,
to even focus on the potential value of reducing fu-
tare losses. Such determinations are likely based on
arguments having little to do with expected
benefit/cost comparisons.

Case 1: The 1894 SaltLake City/c unty Adminis-
trationBuilding

Salt Lake City, like all majorpopulation centers in
Utah, sits astride the Wasatch Faultat the base of
the Wasatch Mountains. Thefault is consideredhis-
toricallyactive but so far has not done major dam-
age to the urban areasofProvo, Salt Lake -City,or
Ogden. The US. GeologicalSurvey and the Utah
GeologicalSurvey consider the earthquakethreatto
be serious.

In the late 1980s, Salt Lake Cityfracedthe problem of
what to do about its earthquake-vulnerablebut his-
toricallyandarchitecturallyvaluableAdministration
Buildingg The decision was made to seismicallyre-
habilitateit usinga "base isolation' method. The
rehabilitationwas undertaken voluntarily andpaid
for by the city to protecta major asset and to serve
as an example ofgovernment leadershipandrespon-
sibility in seismic safety.

Case 2: The North Charleston Hotel

A major hotel chainfaced an interestingproblem
after constructinganew hotel in the city ofNorth
Charleston, South Carolina.At the time of construc-
tion, North Charlestonhadno specific earthquake-
resistancerequirementsin its buildingcode, in large
measure because the state did not have (and as of
May 9 '6 still didnot have) a buildingcode.

After cc nstruction of the hotel, however, a national
insurancecompany would not -acceptthe mortgage
because it had evaluatedregionalseismic risk
(hardlya secret given the 1886 event) andnotedthe
lack of an appropriateseismic component in the
originaldesign ofthe building. The insurancecom-
pany then commissioneda San Franciscoengineer-
ingfirm to recommend a rehabilitationplan that
would meet the company's earthquakeperformance

requirementsforthe region. Subsequently, an exter-
nal steelfraime that tied back into the originalcon-
creteframe was addedto the hotel. hI short, the in-
vestment - or moreprecisely, the collateral- was
protected.

All of the key decisions were made in the private sec-
tor. This case provides an importantperspectiveon
how the insuranceindustry, banks, andotherfinaii-
cial institutionsand the building andreal estate
communities could work together to fosterseismic
rehabilitationwith or without governmentalpartici-
pation.

Case 3. The PG&E Buildings, San Francisco

The PacificGas andElectric Company (PG&E)is
headquarteredin San Franciscoand has a long and
colorful history in "The City. ' At an approximate
total cost of$150 million, PG&Echose to seismi-
cally rehabilitatea complex offour of its older office
buildingspartly using the benefits of the Preserva-
tion Tax Incentivesfor HistoricBuildings. The
rehabilitationwas reviewed by the CaliforniaState
Office ofHistoricPreservationandthe National
ParkService andcertifiedas meeting the Secretary
ofthe Interior'sStandardsfor Rehabilitation,thus
earninga 20 percent investment tax credit (approxi-
mately $30 million).

The motives werefour: to remain in the city, to save
landmarkstructuresfacing thefamous Market Street,
to protectPG&Eemployees, -andto set an example
in the community ofa voluntary business commit-
ment to earthquakesafety in general andto seismic
rehabilitationspeciffically. The detailsof this case
areespecially interesting.According to representa-
tives ofPG&E'sstructuralengineeringconsultants
(JokerstandElsesser, EER, 1995):

The complex offour pacific Gas andElectric Co.
Office Buildings in downtown San Francisco built

from 1921 to 1949 representa variety ofmulti-
story construction rangingfrom 9 stories to 18
storiesandencompass over 500,000 squarefeet of
floorarea. These buildings arepartofan essential
complexfor thepublic utility which provides natu-
ralgas and electricity to Northern Califfornia.
After the 1989 Loma Prietaearthquake, which
causedlimiteddamage to the buildings, PG&E
determinedthat a seismic upgradeofthesefour old
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steelframe buildings wasjustifiedto meet the cor-
porategoal ofbeing operationalafter a strong
earthquake.

Ten seismic strengthening options were studiedfor
the two primary 18-story L-shapedbuildingsform-
ing the center ofthe complex. Each alternatewas
evaluated to determine its impacton (1) interior
spaceplanning, (2) historicfeatures, (3) dynamic
response, (4) capacity ofexistingfoundation, (5)
existingframe capacity to support the increased
seismic loads, (6) pounding between the adjacent
structures, and(7) lateraldrifts.

The PG&E complex demonstrates aperformance-
basedapproach to design which goes beyond the
simple code-basedlife safety methods. Thisproject
addressesthe desire by Pacific Gas and Electric
Companyfor afacilitywhich will serve the public
after the next damagingearthquake.

Case 4: A MissouriSchool District

A specialversion of the "Voluntary Program" is ex-
emplifiedby officials ofthe School DistrictofClay-
ton, Missouri. Partofthe greaterSt. Louis area, the
Districtneededa voter-approved$6.6 million bond
issue tofinance new or replacement construction
anda rangeofschool improvements. These officials
recognizedthe earthquake threatin the New Madrid
areabut understoodequally well that the public
threatperception was low. By ' packaging"seismic
considerationsas one of thefive "compellingand
immediate needs" inside an overall bondargument,
however, the Clayton School Districtwon the bond
election andwas able to carry out nearly $3 million
ofseismic rehabilitationprojects "by strengthening
portions of existing schools."

Case 5: Memphis, Tennessee

The firstfourcases andthe descriptionof the Volun-
tary Model tend to biasperceptionin thatonly "suc-
cess " storiesare told. As apartialbalance to this
somewhat excessive optimism, considerthe story ofa
major automobilepartsandaccessorieschain with
headquartersin Memphis that evaluatedits present
location in a structuredesignedoriginally as a de-
partment store. Seismic performance was explicitly
included in the overallrehabilitationevaluation;

however, in the end, the company chose to construct
a new buildingwith appropriateseismic design in
the downtown area because all things considered,
constructinga new building was actuallyless costly
than rehabilitatingthe oldone. If, as in this case,
the totalprojectcost outweighs that of constructinga
new building, seismic rehabilitationmost likely will
not be occur.

The Informal/Encouragement Program

Like the voluntary approach, the "Informal/En-
couragement Program" is more common than is of-
ten appreciated. Although not commonly acknow-
ledged, building officials often try to reach agree-
ment with owners involved in building rehabilitation.
Such negotiations can be based on authority granted
by local ordinance or can be conducted as part of a
building official's administrative responsibilities.
This is because each building "has its own story."

A former midwestern city building official com-
mented that "in contrast to new construction, negotia-
tion is a way of life in dealing with existing build-
ings, and the architect/engineer/owner could walk
away from negotiation or use a board of appeals pro-
cess." This approach involves a building official ne-
gotiating seismic considerations into an owner's re-
quest for permits to remodel an existing structure. In
this case, an owner requests permits to do various
kinds of work on a structure, and a local building
official says in effect, "Okay, but you also have to
include some seismic rehabilitation measures as
well." Four example cases are presented below.

Case 6: Provo, Utah

The city ofProvo, which like all other cities in Utah
sits along the Wasatch Fault, achieves seismic reha-
bilitationofexisting buildingsby negotiation with
building owners. No mandatoryrequirementsexist
to requirethe seismic rehabilitationof URMbuild-
ings. The buildingdepartment applies its negotiated
informal approachonly when a significantimprove-
ment or change occurs to one ofthese buildings,
most of which are locatedin the older centralbusi-
ness district anddatefrom the late 1800s.
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The standardforURM buildingstrengtheningin
such cases is the current Uniorm Code ofBuilding
Conservation (UCBC), Appendix Chapter1. Exam-
ple alterationsthat affect structuralelements or in-
crease loads include addingto a mezzanine or
changinguses thatwould increasefloor live loads.
When an agreement is reachedbetween the building
official and the owner on the scope of the seismic
rehabilitationeffort, the official issues the permit.

In recentyears, however, none ofthe subject build-
ings has hadany alterationsproposed that would
triggerdiscussionsabout seismic rehabilitation. It is
possible that once an owner becomes aware thatthe
city might requireseismic strengthening, the scope of
theproposedproject is changedto avoid such work
or, in some cases, the project is canceled. In some
cases, it may be that the requirementsfor seismic
rehabilitation,albeitnegotiatedinformally, are suffi-
cient to deter some signjficantproperty improve-
ments in the area.

It is interestingto note that in 1995 Provo's building
departmentproposeda mandatoryparapetbracing
requirement. Principallybecause ofcost concerns,
the proposalnever gotfar enough along in the policy
processto reach the city council. Interestingly, the
council has ratherdeftly stayed on the sidelines in
discussionsrelatedto buildingcodes. It generally
defines code issuesas "technical" ratherthan more
broadlypolitical, thus containingthe debates within
a relativelynarrowcircle ofbuilding officials and
otherstakeholders and interestedindividuals.

Nevertheless, some progressis occurring. in addi-
tion to URM buildings, when improvements or addi-
tions aremade to woodframe buildings, the city
looks for evidence that the wall sillplates arean-
choredto thefoundation or slab. If these connec-
tions do not exist or are less than the code required
minimum, the city requiresnew anchors(sill holts) to
he installedas a condition of thepermit.

Case 7: Seattle, Washington

When a building undergoessubstantialremodeling
in Seattle, seismic rehabilitationis mandated. The
extent of the improvement in its seismicperformance
can be negotiated, however, under thefollowing
1995 revision to the Seattle Building Code:

3403.3 Impracticalty. in cases where total compli-
ance with all the requirements ofthis code is impracti-
cal, the applicantmay arrangeapre-designconfer-
ence with the design team andthe building officiaL
The applicantshall identify design solutions andmod-
ifications thatconform to Section 104.14. The build-
ing official may waive specific requirementsin this
code which he/she has determinedto be impractical.

Section 104.14 states that an "alternate'may be ap-
proved by the building official ifheshefinds that it
"complies with the provisions ofthis code and that
the alternative, when consideredwith other safety
features of the building or otherrelevantcircum-
stances, will provide at leastan equivalent level of
strength, effectiveness, fire resistance, durability,
safety andsanitation."

Case8: PaloAlto, California

Home to Stanford University and many high technol-
oy companies, the 55,000-person city ofPaloAlto
recognizedits earthquake-vulnerablebuildings
problem and has taken a unique approachto seismi-
cally rehabilitatingthese buildings. After a lengthy
explorationand negotiationprocess, the city adopted
a "Seismic HazardIdentificationProgram." It does
notfall neatly into anyprogramcategory but mostly
resembles the "informnal/EncouragementProgram"
because some oftheprogram'selements -aremanda-
tory while others are voluntary andincentive orient-
ed.

PaloAlto 's efforts to deal with its vulnerable build-
ings datefrom the mid-1970s, but it -wasthe 1983
Coalingaearthquakethat led to the creation ofa
Seismic HazardCommittee trepresentinga diversity
of interests" (stakeholders,), which ultimately agreed
upon the scope ofthe existingprogram. The key ele-
ments ofPaloAIto's programare:

* It imposes rehabilitationrequirementson 99
structuresin three categories (all URM buildings,
allpre-1935 non-/UEMbuildingswith 100 or
more occupants, andall buildings with 300 or
more occupants constructedbetween January1,
1935, andAugust 1976).

* Once notified by the city, the buildings' owners
,arerequiredto contractwith a structuralengi-
neer. Given a specif.ed time periodin which to
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conduct a study andfile a report with the city, the
owners'engineershave to evaluate the earth-
quake vulnerability ofthe buildingandto identify
what should be done structurallyso that the
building will meet the seismicprovisions of the
1973 Uniform BuildingCode (UBC). The reports
are reviewedby consultingengineers to ensure
they comply with the ordinance.

* Each building owner must notify the occupants in
writingthat an engineeringreport has been com-
pleted and that the report is availablefor review
in the city's Building Inspection Division.

• Within one year afterfiling the engineering re-
port, each building owner also must submit a let-
ter indicatinghis/her intentionsregardingcorrec-
tion ofseismic deficiencies. Failureto comply
could result in injunctive relief,criminalprosecu-
tion, or both.

The underlyingpolicyphilosophy was that "while no
mandatory retrofitting(rehabilitation)requirement
was imposed. . . the reportingrequirementswould
create sufficient concerns about liabilityandabout
the decline in the market value of earthquake-defi-
cient structures, thatseismic improvements would
occur voluntarily" (Beatley Berke, pp. 63-64).

Some clues are availableabout the implementation
of theprogram:

• A downtown density andparking incentive are
providedforseismically rehabilitatedbuildings.
Bonuses aregiven for the buildings in the three
categoriesthat exempt themfrom providingon-
site parkingas a condition ofrehabilitation.

• Compliance with the reportingrequirements has
been good - virtually I00 percent.

* The reportsandpublic disclosure requirements-

reinforcedby California'sreal estate disclosure
laws on propertysales andpurchases- act as
strong incentives and a number ofseismic up-
grades have been completed

* Some tenants in leasedbuildings have helpedfi-
nance the seismic upgrades through lump-sum
payments or higher lease costs, andothers have
agreedto vacate before and returnto the building
after the seismic rehabilitationproject is com-

pleted This protects the owners'abilities to ser-
vice their debts.

• Some innovative developers havefound ways to
capitalize on the seismic rehabilitationprogram
by publicizingthe work done, taking advantageof
the greatersquarefoot allowancesprovidedun-
der theparkingincentive measure, andeven try-
ing to obtain the bonusfor buildingsnot in the
three covered categories.

* Earlyfears that owners would be unable to con-
tinue to insure theirgovernedpropertiesfor lia-
bility are not being borne out. Increasesin rates,
however, are apossibility.

* The private owners are carryingthe direct costs
ofthe program'sreports andseismic rehabilita-
tion improvements.

An interestingsidebar to PaloAlto's program that
may have reinforcedprivateowners' willingness to
acceptthe ordinancewas that the city voluntarily
seismically rehabilitatedits Civic Center building.
This structure was constructedbetween 1968 and
1970 andis an eight-story tower supportedby a
three-story below-gradeparkingstructure. The pro-
ject was financedby "CertificatesofParticipation,"
andthe work was done in slightly more than two
years "while the building was occupiedand infull
operation" (Sharpep. 1).

Case9: San Leandro, California

The 15 square mile Alameda County city ofSan
Leandro borders Oaklandon the north andis a
mixed residential, commercial, andindustrialareaof
about 70,000 mostly middle-income residents. The
easternpartofSan Leandro spans the active Hay-
wardFault. San Leandrohas dozens of URMbuild-
ings, thousandsof older wood-frame dwellings, mod-
ern apartmentstructures, and tilt-up light industrial
buildings along the San FranciscoBay's shoreline,
all of which are earthquake-vulnerable.

The city's earthquakesafety efforts - triggeredby
the recommendationsof a citizen taskforce - dem-
onstratean interestingvoluntary government-citizen
partnership. Known as the "1993 Seismic Retrofit
FinancingProject," the city council approvedrais-
ing $12,780,000 through "CertificatesofParticipa-
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lion " to seismically strengthen severalmunicipal
buildings. The buildings includedrehabilitatingthe
1965 City Hall, the 1970 South Office Building, and
the 1968 PublicSafety Building, which houses San
Leandro sfire andpolicedepartments and their
communications and dispatchingcenters.

In addition, the city has supportedseismic rehabili-
tation by its residents. Partof an annual$300,000
earthquakepreparednessappropriation(which in-
cludesfederalmitigation grantfulds)assists resi-
dents with the strengtheningoftheir homes. De-
tailed easy-to-understandinstructionsareprovided
to owners by the buildingdepartment; classes are
providedby qualified engineers;tools are loaned to
property owners; the work is inspected atno charge;
andthe propertyowner receives certificationthat the
buildinghas been strengthened to the city's stan-
dards.

In general, the 'Informal/EncouragementProgram"
would have to be marked as mredium-conflict ("5 or
"6" on the escalation ladder) because, no matter
how informally the seismic requirementsarelever-
aged in, it is aform of government mandate to have
seismic rehabilitationincluded as a "must be "part
ofan overallpermitprocess. Under this model, a
buildingdepartmentis obviously proactive, not pas-
sive, but in a selective manner.

In practice, when ajurisdictionemploys this ap-
proach,buildingowners tend to complain thatthe
city buildingdepartment is being "unreasonable."
While probablyrare, attempts at politicalend-runs
to a city council, mayor, orcity managercould be
made to test the resolve ofthe buildingdepartment
- and its politicalsupport. Seattle's experience is
that almost no appealshave gone to its mayor or
council. Th7is is because its seisumnic rehabilitation
triggers (when is rehabilitationrequired) are speci-
fied in ordinanceseven though the extent ofthe reha-
bilitationwork involved is negotiated. In general, it
is both clear andprudentthat building departments
have some referencestandard, such as the UCBC or

formally adoptedordinances, to avoid thepotential
nightmare -ofinconsistent and capriciousrequire-
ments being imposed. At the same time, however,
formal rehabilitationordinancesare not required,
neitherthe media nor the courts tend to be involved,
andthe political conflict generatedremains con-

tamiedwithin afairlysmall circle ofofficials, own-
.ers,and engineers. In other words, seismic rehabili-
tation does not become an explosive public issue,
-whichis often the case with the upperend inhabitant
of the escalationladder,the "MandatoryProgram
Mffodel. " Finally, owners may abandon theirpro-
jects or redefine them to avoidtriggeringeven infor-
mal requirements. A4 common way ofdoig this is to
perform a series ofsmallerprojects that do not trig-
gerseismic rehabilitationbut that collectively result
in a major alteration.

The Mandatory Program

As indicated above, the "Mandatory Program" is def-
initely high-conflict and rates a kind of general "9"
on the ladder, but it could range anywhere from "8"
to "10. " For example, if the number of buildings tar-
geted in a jurisdiction is relatively small and if the
required rehabilitation is at least partially subsidized
(e.g.. through a redevelopment project), the score
could be an "S." On the other hand, if, as in the fa-
mous Los Angeles case, thousands of buildings are
involved and no external financing is offered, the
program can - and did - reach a "10" on the con-
flict ladder. In essence, mandatory seismic rehabili-
tation programs are full blown public policy. As
such. formal ordinances stipulate priorities, criteria,
processes, choices, rules, coercive measures, timeta-
bles, and even appeal processes. Moreover, given
the very public nature of the decision-making, the
process is long, arduous, and very political.

Not only does a "Mandatory Program" debate entail
extended technical arguments. it also gives at least
equal time to the direct cost question (how much for
what level of safety), the cost incidence question
(who pays initially but who pays in the end), and the
indirect cost considerations (differential impacts on
marginal populations, personal disruption, neighbor-
hood effects). Battles also are joined on scope (what
buildings), priorities (which buildings first and why),
and pace (how fast). Most important, a mandatory
program stimulates the creation of what once were
called "interest groups" but now are more accurately
referred to as "advocacy coalitions" or "stake-
holders," each, having its agenda or special focus. As
a result, the media and the courts become involved,
often sooner rather than later.
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In the "Mandatory Program," seismic rehabilitation is
imposed coercively on building owners by govern-
ment, and most of the politics revolves around
attempts by the owners to minimize the scope and
requirements of seismic rehabilitation and, therefore,
the costs. Owners then attempt to externalize (shift
to others) those costs to the greatest degree possible.
The decision arena is usually a city council, and man-
datory programs tend to involve not only the elected
officials but also numerous individuals and groups
including building owners, tenants, building safety
officials, professional engineers, historic building
advocates, neighborhood organizations, and even
representatives of other levels of government. The
"pro" and "con" sides (advocacy coalitions) become
very complex. In a discussion separate from his
book with Alesch, Petak offers a summary ofthe
kinds of actors involved in the development and pas-
sage of the hazardous structure abatement ordinances
in Long Beach, Los Angeles, and Santa Ana (see
Figure 2).

In addition to its own intrinsic conflicts, any proposal
for a formal seismic rehabilitation program must face
"extrinsic" challenges. That is, aside from all the
internal debates, seismic rehabilitation using the
mandatory approach must compete with other com-
munity priorities for scarce public funds, even if only
for enforcement costs. These costs should not be
underestimated in that they often entail new responsi-
bilities for a building and safety department and very
likely for the city attorney's office and planning and
housing departments in larger cities.

Case 10: Long Beach - It Led The Way

As a result ofthe major earthquake of 1933 which
bears its name, the city ofLong Beach amendedits
buildingcode in January1934 to effectively prohibit
anyfuture construction ofunreinforcedmasonry
buildings, hundreds ofwhich suffered seriousdam-
age in the earthquake. This policy was extended
statewide by the Riley Act, which was passedin 1934
by California'sLegislature.

Nothing was done about existing URM buildings in
Long Beach until 1959 when a true hero of local ef-
forts at seismic safety, building official Ed
O'Connor, took advantage ofa theaterrelicensing

controversy topush throughan ordinancegiving the
buildingdepartmentthe authority to "determine by
inspection if an existing building is substandardor
constitutes a nuisance"and, if so, to orderthe build-
ing repaired, vacated, or demolished. Once a 1966
CaliforniaSupreme Courtdecision (City ofBakers-
field v. Milton Miller) clearedthe way by determin-
ing that it was unreasonableto hold cities hostage to
old buildingsgiven "thefact that a buildingwas con-
structed in accordancewith existing statutes [at the
time of its construction]does not immunize itfrom
subsequent abatement as apublic nuisance,"
O'Connorattemptedto implement the originalLong
Beach ordinance. A politicaluproarensued, and
while the URMproblem was "studied"at length, ef-
fective implementation of the ordinancewas tabled,
but it at least hadgone through theformal hearings
process.

Major damage to URMs in the 1971 San Fernando
earthquakerekindledLong Beach's interestin its
URMproblem and on June 29, 1971, the Long
Beach City Councilpasseda specific ordinanceto
abate the hazardposed by earthquake-vulnerable
structures in the city. Implementation was slowed by
complexities in the ordinancesuch as the assignment
of "hazardpoints, " which was confusing to the own-
ers. O'Connorarguedthat it was very difficult to
enforce an ordinancewith multiple choices. In
1976, an amendment establisheda more formal but
simplerprogramwith criteriafor a building-by-
building "hazardindex" andwith timetablesfor sur-
veys, notifications, evaluations, andabatement.
Eventually, almost 900pre-1934 masonry, concrete,
or steel buildingswere eitherseismically rehabili-
tated or demolished. Thus, while Los Angeles may
be morefamous, its neighbor, the City ofLong
Beach, led the way.

Case11: Los Angeles - The Most Famous

Although "guilty knowledge" about the earthquake
vulnerability of URM buildings hadexistedfor sev-
eral decades (at least since the 1933 Long Beach
event) andalthough the city of Long Beach itselfhad
been working on the earthquake-vulnerablebuilding
problem since 1959, it took the devastatinglyconcen-
trated life loss of the 1971 San Fernandoevent (47
of the 54fatalitiestook place in portionsofthe
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Figure 2 A sampling of parties concerned with city seismic regulation development (from W. JI Petak).
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FIGURE 3
Advantages and Disadvantages of Major Types of Mitigation Programs

for Unreinforced Masonry Buildings

ProgramDescription Advantages Disadvantages

Mandatory Strengthening Programs

* Requires owners to reduce earthquake
hazards within established time frames

a Timeframes for compliance start when
an order is issued by the Building De-
partment

* Establishes seismic retrofit technical
standards

* Sets a goal of hazard reduction, not
total elimination of the hazards

* Local governments can effectively en-
force the program and reduce hazards

* Building departments can monitor and
report progress

* Building departments can control com-
pliance rates by slowing down or
speeding up the issuance of orders to
building owners

* Compliance rates vary with the number
of building occupants, with longer time
frames for smaller buildings

* Imposes arbitrary and at times inflexi-
ble deadlines on building owners

* Compliance schedules do not necessar-
ily reflect the limits of the local design
and construction industry resources

* Can impose economic hardships on
owners and occupants

* Compliance schedules do not consider
hazards to passersby or hazards from
adjacent or unoccupied buildings.

Voluntary Strengthening Programs

* Requires owners to prepare hazard
evaluation reports

* Requires owners to write letters that
indicate their intentions to reduce haz-
ards

* Reports and letters are made available
to the public

* Establishes seismic retrofit technical
standards

* Owners set their own time frames for
compliance with standards

* Owners are notified by letter that their
buildings are potentially hazardous

* Provides effective disclosure of haz-
ards to owners and in some cases to
tenants

* Flexible time frames for compliance
can result in fewer economic difficul-
ties

* Rates of hazard reduction can vary
depending on owner's resources and
demands on the design and construc-
tion industry

* Provides an effective management and
monitoring system to local govern-
ments

* Local governments can always recon-
sider the program's progress and im-
pose mandatory requirements if it is
ineffective.

Notification-Only Programs

* Some local governments state that it
meets the minimum intent of the URM
Law

* Minimal initial cost to local govern-
ments

* No direct cost to owners who choose
to ignore hazards

* Can be effective if owners are few and
cooperative and if governments adopt
seismic retrofit standards

* Effective in reducing hazards only if
coupled with strong economic environ-
ments, and financial, planning, and
zoning incentives

* Not effective with owners who choose
not to cooperate, and thus can be un-
fair to cooperative owners

* May prolong overall hazard reduction
efforts and earthquake risk exposure

* Owners must pay higher fees to design
professionals

* Does not consider hazards for occu-
pants and passersby or from adjacent
buildings

* Programs have been ineffective in re-
ducing earthquake hazards

* Owners are not protected from future
code changes if they choose to reduce
hazards

* Owners are not encouraged to consider
hazard reduction

* Owners are not informed of specific
hazards and are likely to react with
disbelief

* Local government can't easily monitor
hazard reduction progress

* Imposes demands on local govern-
ments to deal with unhappy owners

* Seismic retrofit standards are typically
not adopted
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Veterans Administrationhospital built in 1925) to
force open a political window ofopportunityfor seis-
mrc rehabilitationin Los Angeles in February1973.
The scale was daunting- the estimate was that the
city had 14,000 earthquake-vulnerablebuildings. A
key actor once described theproblem as: "How do
you eat an elephant? Well, one bite at a time."
Befitting the "MandatoryProgram" model, debate
over various versionsof the hazardousstructure
abatementordinancebecame very contentious very
rapidly with buildingowners mounting strong at-
tacks againsteach draft. Alesch andPetak (7986, p.
62) quote a leader of agroup of apartmentowners
who capturedalmost all (he missed historicpreser-
vation) of the principalobjections in a single dia-
tribe:

The proposedordinanceis a direct attack on the poor
--- on senior citizens... on every tenant in the crit. .
- makes it impossiblefor the owners ofand investors
in the older buildings to comply with it... wouldput
tremendous upwardpressureon rents in the city ...
create unimaginablevater unrest...

After three years of comflict, the Los Angeles city
Councilsenta draft ordinanceback to committeefor
fwuther study in Decemnber 1976.
Advocatesfor an ordinanceregroupedandfound a
city councilman ffrom the areaQ most daimaged by the
1971 San Fernandoevent) who took the public and
politicallead andguidedthe next version ofthe ordi-
nance, which would hecome Division 88 ofthe
Buildicgand Safety Code, througha continuously
acrimoniousprocess to finalpassage on January7,
1981. Almosteight years elapsed betweenplacement
of the earthquake-vulnerablebuildingsproblem on
the political agendain Los Angeles andfinalpas-
sage of the ordinance.

Case 12: State of CaliforniaSenate Bill 547 (and
SenateBill 44)

In June 1986, the Governor of California signed into
law Senate Bill (SB) 547. This law require cities and
counties in Seismic Zone 4 (which included approxi-
mately 80 percent of California's population) to in-
ventory their URM buildings and, by January 1,
1990, to establish programs to mitigate the hazards
they posed. For many jurisdictions, the results of the
inventories were an unpleasant surprise and consti-
tuted the first solid information they had on the ex-
tent of their URM building problem. Because of SB

547, many jurisdictions suddenly had "guilty knowl-
edge" about earthquake-vulnerable URM structures
in their building stocks.
While SB 547 did not specify precisely what mitiga-
tion programs had to be put in place by the local
jurisdictions, in 1991 the California Seismic Safety
Commission (CSSC) identified the four types that
had evolved: mandatory strengthening, voluntary
strengthening, notification only. and "others." Not
surprisingly, the CSSC preferred the mandatory ap-
proach, saw advantages in the voluntary program, but
had serious reservations about the "notification only"
program. The "others" were too varied to cover eas-
ily. The CSSC then outlined the advantages and dis-
advantages as they saw them of the three major types
of URM mitigation programs (Figure 3).
Although enacted seven years earlier than SB 547,
another law, SB 445, should be mentioned. SB 445
allo-wed local governments in California to adopt
standards for seismic rehabilitation of URM build-
ings that were lower than the standards for new con-
struction. SB 445 had a dual effect: It reduced esti-
mates of the rehabilitation costs for URM buildings
(because repair could be to a lower standard) but,
more important, it removed local government con-
cern about legal liability for having different stand-
ards for rehabilitation of existing buildings and new
construction.

Case 13: Seattle-ChangingFocus andLocal
Policy
The city ofSeattle's experience illustrateshow the
failure ofa mandatory retrofit ordinanceled to the
currentnegotiatedmethodology. In essence andfor
a variety of reasons, Seattle'spolicy movedfom a
focus on one -area(the historic "PioneerSquare') to
all business districts whereparapetsare common
hazardsandfinally to a triggeredmandatory re-
quirementthat applies to all existingbuildings but
that allowsfor negotiation ofthe level ofstructural
improvemntemt on a case-by-case basis.
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"PioneerSquare" is a 15-square-blockareaadjacent
to Seattle's centralbusiness district. Its buildings
(largely URM) were constructedat the turn ofthe
century. Itprovides an example ofthe difficult-to-
implement mandatory rehabilitationpolicyfor a spe-
cific district. In 1973, ordinanceswere passedthat
appliedsolely to the PioneerSquare HistoricDis-
trict. They specifiedminimum maintenance require-
ments andalso requiredrehabilitationofthe URM
buildings(to ensure thatall structuralmembers
could "carry imposedloads with safety" andprevent
any portion ofthe exteriorfrom falling in an earth-
quake). "Substandardhistoricbuilding"notices
were sent out, and by May 1977 only 18 out of 143
buildings hadbeen partiallyrehabilitatedbuildings
rehabilitation. Furtherachievingthe necessary
increasedrents to payfor the improvements was
often unrealistic. Lengthy hearingswere required
before the buildingdepartment couldtake enforce-
ment action and, as a result, the rehabilitationre-
quirementswere repealedandstrengthening
requirementswere triggeredonly if a buildingwas to
be substantiallyremodeled

In November 1975, a large section ofterracotta cor-
nice tilefell from a multistory buildingonto a side-
walk near the downtown retailcore. This event initi-
atedaformal inspection and notificationprogram
for Seattle's centralbusiness district, in particular
the entire downtown core. This wasfollowed by
adding new language to the 1977 Seattle Building
Code that specifically requiredabatementof "unsafe
buildingappendages"like URMparapets. An in-
spector/engineerwas assignedto try to identify all
such hazardousparapets (many ofwhich were in
PioneerSquare). Most of the hazardousparapetsin
the downtown area (including PioneerSquare) had
theirparapetsbraced This ordinanceis still used
on URM buildings outside ofthe downtown area

Thus, the mandatory requirementforthe "global"
(although '~partial"in currentengineeringterms)
rehabilitationof URMbuildingsfailed, but a very
modest mandatoryrequirementforstrengthening
one of the URM buildings'most widely recognized
hazards (parapets)has been very successful.

A useful andsuccessful example ofseismic rehabili-
tationpoliciesis Seattle's currentone that applies to
all existing buildings. When an existing building

undergoesa "substantialremodel" (remodelingthat
extends its "usefulphysicaland economic life"), its
seismic risks must be mitigated This trigger (and
there are a couple oflessfrequent ones) is codified,
not negotiated There is usually a pre-designmeet-
ing with the owner, the engineer, andspecialized
building departmentstaff. At this meeting, the level
ofstructuralimprovements is negotiated, the goal
beingto ensure that the degree of improvement is
"commensurate with the size andscope of thepro-
posedproject." Thus, the rehabilitationis manda-
tory (as triggeredby aproposedremodel), but the
level ofstructuralimprovement variesfrom case to
case. This has been very successfulfor many years,
anda wide variety of office, retail, light manufactur-
ing, andresidential(includinglow income) buildings
have been rehabilitated.

Case 14: San Francisco's "Bolts-Plus" Partial
Rehabilitation for Unreinforced Masonry Buildings

Passageof California'sURM law in 1986 (Chapter
12.2, Section 8875 et. seq., "Building Earthquake
Safety" ofthe Health andSafety Code) accelerated
localgovernment considerationofthe URMprob-
lem. In San Francisco, thisprocess ultimately re-
sulted in the passage ofSan Francisco'sOrdinance
225-92, on July 13, 1992, "relatingto earthquake
hazardreduction in unreinforcedmasonry bearing
wall buildings." With the avowedprimarysocial
purpose ofpreservinglow-cost housing, the ordi-
nance has lower safety standardsthan the state-
adoptedmodel code (discussed below) when applied
to normally configuredresidentialoccupancy build-
ings. Ordinance 225-92 allows residentialand cer-
tain commercial use unreinforcedmasonry buildings
(UMB in San Franciscoterminology) to be rehabili-
tated using a "bolts-plus" solution ("the installation
ofshear and tension anchors at the roofandfloors
and, when required, the bracingofthe UMB walls
upon evaluationofthe height-to-thickness ratio of
these walls, Section 1603B1. 1). This method cannot
be usedfor buildingshousing assembly, educational,
or hazardous occupanciesas defined in the building
code.

The process ofestablishingthe technical basisfor
Ordinance225-92 is worth some discussion. As
noted above, the state's URM law requiredlocal
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governments in Seismic HazardZone 4 to identify
(inventory) the quantity of URI buildingsin their

jurisdictions,topreparea plan to mitigate the haz-
ards, andtofile a report-ontheir actions with the
CaliforniaSeismic Safety Commission (CSSC. San
Franciscoidentified L,967 masonry bearingwall
buildings. (Approximately another 120nonbearing
wall URMbuildings also have been identfled by San
Francisco, but they are outside the scope of its retro-
fit ordinance.)

In late 1988, San Franciscoofficials asked the Struc-
turalEngineers ofNorthern California(SEAoNC) to
develop guidelines that could be used to preparea
city ordinance. SEAoNC ppointedan adhoc com-
mittee for this purpose. About the same time, the
CSSC asked the counterpartstatewide organization,
the StructuralEngineersAssociation ofCalifornia
(SEA oQ, and the CaliforniaBuilding Officials
(CALB0) to help the Commission update its model
ordinancefocusingon bearingwall URMbuildings.
Firstpublishedin 1985, the originalbasis ofthe
model ordinancewas Los Angeles' BuildingCode
Division 88. The model was revised in 1990, 1991,
and 1995. It is known now as the "1995
Recommended Model Ordinancefor the Seismic Ret-
rofit of Hazardous UnreinforcedMasonry Bearing
Wall Buildings."

PartofSEA oC's and CALBO's response to the CSSC
wsas to convert the technicalprovisions ofthe model
ordinanceinto aformatacceptable to the Interna-
tional Conference ofBuilding Officials (ICBO) for
use in allseismic zones. The technicalprovisions of
the revisedmodel ordinancebecame Appendix
ChapterI to the 1991 edition ofthe Unform Code
for BuildingConservation(VtCBQ, a companion
document to the Uniform Building Code (UBC). The
administrativeprovisions of the model ordinanceare
not includedin the UCBC. In 1991, the State ofCal-
ifornia adoptedthe UCBCsAppendix Chapter1 as
a model code.

The issue was referredto an advisory committee, the
Seismic Investigation andHazardsSurvey Advisory
Committee (SIHSAC), which was establishedabout
1980. In addition to engineers andarchitects, it was
composed of contractors,real estate andlending
interests, andothers. While theSIHSACgenerally
agreedthat the UCBC was an appropriateap-

proach,strong opposition camefrom UMB property
owners, especially those in lower income, rental
rate, andproperty value areas of San Francisco.
This led to two imp ortantstudies - an enlvironmzen-
tal (and economic) impact reportand benefit-cost
analyses of UMB rehabilitationalternatives. These
reports were used by a largely nontechnicaltask
force (discussedbelow) tofashion apoliticallyac-
ceptable compromise. The SEAoNCs ad hoc conm-
mittee recommended that San Franciscoadopt Cali-
fornia's new model code.

The opposition to the UC'BC approachled the Board
ofSupervisors andthe Mayor ofSan Franciscoto
form a two-part taskforce to review the SIHSAC's
recommendations. The taskforce, composed of
representativesof several city departments andother
organizations(assistedby a 40+ member Comnmu-
nity Advisory Committee) recommended allouiingthe
"holts-plus" -approachbecause, at leastfor normally
configuredbuildings, this wouldprevent 80 percent
ofthe URMbuildingearthquakelife-safety problem
(out-of-plane failure of the bearingwalls). Ulti-
mately, this became thepoliticalsellingpoint ofOr-
dinance 225-92. Ironically,however, some en-
gineers believe that only a smallpercentage ofall
the inventoriedunreinforcedmasonry buildingasare
actually eligiblefor "bolts-plus " rehabilitation.

The Loma Prietaearthquake on October 17, 1989,
acceleratedthe process of enactingthe UCBC 4as a
state model code (not necessarilya minimum) for
rehabilitatingURM buildings (Chapter173 ofthe
1991 Statutes, which amendedseveral individual
state -codesections). Meanwhile, the SEAoN.C used
Loma Prieta's "window of opportunity"to get some
significant limits on the use .of "holts-plus" inserted
into San Francisco' pendingOrdinance225-92.
Forexample, the "bolts-plus" rehabilitationmethod
cannot be usedon a URM building unless it has a
regularconfiguration, has qualifying cross walls,
and has a specifled minimum areaofsolid URM
wall.

One participantin thisprocess noted that Ordinance
225-92 was "totally driven by socioeconomic issues."
Ordinance225-92 states: "UAMis arevital to San
Franciscos economy. They provide low-cost hous-
ing, job sites, andirreplaceablehistoricand archi-
tecturalresources. Yet, in an earthquake,theypose
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a greatdangerto passersbyandoccupants." UMB
structuresalso continue to expose low-cost housing
to a sudden andpermanentloss of habitabilityafter
moderate to major groundshaking even though their
risk to life is reduced.

Notices regardingcompliance and "inventoryforms"
were sent to the owners ofthe governed buildings.
Datesfor subsequent compliance with the
ordinance'srehabilitationprovisions were staggered
dependingon the perceivedrelative hazards ofa
building's location, size, andoccupancy. Compli-
ance dates rangedfrom 3.5 to 13 years. If owners
do not comply within the specified time period, the
city'sfinal recourse is to condemn the buildingso it
cannot be used

With strongsupportfrom the BoardofSupervisors,
in 1992 San Franciscovoters overwhelmingly ap-
proved a GeneralObligationBond issue of $350
million "to help owners ofseismically unstable build-
ingsfinance retrofitting . . . " While requiredreha-
bilitation is under way, as of October 1996 little of
the money has been committed because: (1) commer-
cial loans orprivatefinancing is available in a
healthier economy, (2) administrativerequirements
are too burdensome or addto the potentialcosts, (3)
some owners arepostponing work until "the lastpos-
sible minute, " and (4) financingof some projects is
complicatedbecause of the need to integratethe
seismic rehabilitationfinancingwith other low-in-
come housingfinancialandregulatorymeasures.

REHABILITATION POLICY CHOICES:
OTHER CASES

Central to the overall purpose of the Guidelines doc-
uments is the provision of a framework to help users
understand and then select desired levels of seismic
performance of buildings. As the user will note in
Volume 1 of the Guidelines, a user must select, for
every structure which is a candidate for rehabilita-
tion, a specified level of desired performance. Histor-
ically, these types of decisions have been based on
preparatory technical studies or, more subjectively,
on the feasibility of the rehabilitation. In some cases,
the desired performance decisions drew upon an
agreed-upon assessment of risk, the existing capabili-
ties of a building to withstand the motions of a pro-

jected event, and economic feasibility. Thus, the
Guidelinesdocuments focus and, in a sense, "disci-
pline" rehabilitation decisions and the selection of
target performance levels - from which then flow
specific design choices, engineering parameters, and
construction techniques.

Case 15: Santa Cruz, California

The city ofSanta Cruz was heavily damagedby the
1989 Loma Prietaearthquakeandfaceda variety of
reconstructionproblems. A former city planner in
Santa Cruz identified25 post-earthquakechallenges
to his community, afull 18 of which are directly rele-
vant to issues often encounteredin the seismic reha-
bilitationofexisting buildingsforeseen by the Guide-
lines documents. Selected andslightly editedfor use
here, they are asfollows:

* The jurisdictionmay have to addnew administra-
tive capacity (hire new staff), which involves both
hiringtime andlearningtime.

• Economic necessity may requiremore than simply
rebuilding, especially when overlaidwith new re-
quirementsfor safety in retrofit andnew construc-
tion. Retail trade may needto increase, andinfra-
structure upgradesmay be required

* Planningto rebuildacceleratesattention to long-
standingproblems and issues (some ofwhich will
continue toprove intractable). Examples include
defining appropriatelevels ofgrowth or economic
development, upgradingof old infrastructure,and
poorpoliticalenvironment (acrimonies, lack of
inclusive decision-makingprocesses).

* Rebuildingmay require shifts in politicaland/or
institutionalpatterns andhabits.

a Politicalimperatives might be at odds with what
makes sensefrom aplanningor administrativeper-
spective, which can make the decision-makingpro-
cess complicatedand time-consuming.

* Special time andeffort may be requiredto set up
financialresources (tax measures, grantapplica-
tions, redevelopment districts). Worse, resources
may not be available.

* Decision-makingmay be delayed by the need to
obtain information on andlearn more about the
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regionaleconomic situation,financialoptions, de-
velopment economics andpotentials, geologic con-
ditions, construction anddesign issues, andlender
requirements.

* Politicalbattles can command the time and atten-
tion of key actors anddelay other decisions (e.g.,
historicpreservationfights over buildingsmay de-
lay decisions about adjacentpropertiesand affect
politicaldiscussion ofother issues).

NNew politicalinterests may coalesce and need time
to organize (e.g., aproperty owners association
may become a necessity in an area where none ex-
istedpreviously).

* The localpoliticalsystem may have dfflculty
achieving agreementon key planning issues. Old
adversariesmay have tofind common growud.
Long-standinginterjurisdictionaldisputes may
have to be resolved.

Philosophicaldifferences may surface over the
'8properroles"of the privateandpublic sectors.

a New roles emerge. Forexample, propertyowners
with no previous development experience suddenly
become developers or a city with a reactive/regu-
latory orientationtowarddevelopment my find
itseIfhaving to solicit, ifnot court, new develop-
ment.

* The most heavily affected areasmay be the least
economically viable partsof the community.

* Shortcutsarefew. Legal andproceduralrequire-
ments must be adheredto unless special legislation
is pursued.

* Jurisdictionsmay have to seek, sponsor, or lobby
for specialstate legislation.

• Perceptionsof needs change, andplanningmay go
infits and starts.

* Organizingeffective citizenparticipationis essen-
tial but takes time andeffort.

*Displacedbusinesses andresidentsmust be accom-
modated while long-term solutions aresought.

As this list makes clear,pre-earthquakeandpost-
earthquakeenvironments share many characteris-
tics. The difference after a disaster,however, lies in
a radicallychangedlegal, regulatory, andpolitical

context - especiallyfor seismic rehabilitation.After
a major damagingearthquake,financialsubsidies
for repairandrehabilitationmay suddenly become
available, emergency authoritiesmay be grantedand
exercised, andpopular andmediapressureto "do
something' may emerge - all of which createthe
positive contextfor action only dreamed of by seis-
mic safety proponentspriorto the event.

In sum, earthquakesshoot seismic safety straightto
the top of decision agendas, opening windows of op-
portunityfor major advances. The question, of
course, is how long those windows remain open be-
fore previoussocietal issues andproblemis regain
theirplaces on the agendaandnew ones emerge,
pushingseismic safety back down and startingthe
processall over again.

Perhapsof most directimportancefor this discus-
sion, damagingearthquakesmay allow ajurisdiction
-thathadbeen relying on simple attrition orfollowing
the lowest conflict model (voluwtary) to move more
aggressivelyon the earthquake-vulnerablebuildings
problem and utilize the "Inform~al/Encouragement
Program" orgo all the way to theformal "Manda-
tory Program."

Local economic conditionsat the time ofprogram
enactmentplay a majorrole in seismic rehabilita-
tion. Forexample, Los Angeles' Chapter88 URM
ordinancewas passed in the "go-go" 1980s, a time
ofeconomic expansion and escalatingpropertyval-
ues, which made the financingofseismic rehahilita-
tion projects easier.

Case 16: Portlandandthe State of Oregon

In 1993, western Oregon changedfrom Seismic Zone
2B to Zone 3 in recognitionofnew information
about the risks ofa subduction earthquakeoff the
coast. This has had a significant impact on policies
relatingto existing buildings in that most ofthem
now can be considered "dangerousbuildings"be-
cause they were designed to a lower seismic stand-
ard.

In April 199S, the PortlandCity Councilpassedsev-
eral ordinancesthat were developed by the Task
Forceon Seismic StrengtheningofExistingBuild-
ings. These constituted an interimpolicy thatwas to
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remain in effect untilMarch 1997. Thefirst ordi-
nance took seismic loadingout ofthe definition of
dangerous buildings in the city's DangerousBuild-
ings Code. Other ordinancesthen codifiedseveral
passive triggersthat requireseismic rehabilitationto
currentcode or the suggested standardin the
NEHRP Handbookfor the Seismic Evaluationof
Existing Buildings (FEMA 178), depending on the
trigger. Thefollowing is a briefsummary of the trig-
gers.

a Changes ofoccupancy (to a higherstandardbased
on UCBC ranking) andstructuraladditions(that
are not structurallyindependent) requirerehabili-
tation to the current code standards.

*Alterations to most buildings valued at more than
$100,000 requirea FEMA 178 evaluationof the
building. The datacollected in this manner are to
be used in developing thepolicies to be enacted
after this interimperiod

* Two types ofalterationto URM buildingsrequire
rehabilitationto the FEM4 178 standard-
reroofing (involving removal of the oldroofor re-
pairto more than 50 percent ofthe deck) requires
anchorageofthe roofsystem to the exterior walls
andbracingofthe parapetsandalterationsin a 2-
yearperiodthat exceed $15 per squarefootfor the
total netfloor areatriggerrehabilitation.

In 1995, the State of OregonpassedSB 1057 which
createdthe Oregon Seismic RehabilitationTask
Force. The legislation directedthe taskforce to pro-
vide recommendationsto the legislaturefor its 1997
session. The taskforce has consideredmany of the
topics importantto anyjurisdictionconsideringseis-
mic rehabilitationprogramsincludinginventory
data, mandatoryandpassive triggers, design stand-
ards, appeals, enforcement, liability, incentives, edu-
cation and information, coordinationand reporting,
andneeded legislation.

The taskforcefiled its report on September 30, 1996.
Legislationto begin implementation of the report
was introducedin 1997 but itfailedto pass. How-
ever, Oregon 's legislaturecreatedthe Oregon Seis-
mic Safety Policy Advisory Council (OSSPAC). It
expects to retainafocus on existing earthquake-vul-
nerable buildingsas it considerslong-term strate-
gies.

Case 17: The Federal Case

In the 1990 re-authorizinglegislationfor the Nation-
al EarthquakeHazards Reduction Program
(NEHRP), Congress included a mandate thatthe
Presidentadopt "standardsfor assessinganden-
hancingthe seismic safety of existing buildings con-
structedfor or leased by thefederalgovernment. "
This one clause made the Executive Branchface the
same issues that conjiontedso many private-sector
buildingowners and local buildingofficials - per-

formance levels, priorities,scheduling, triggermech-
anisms, funding, and others- but on a largerscale
ofcourse.

There was a very wide variance in cost estimates
because ofa lack of reliabledata. The solution was
therefore to adopt two parallelcourses:

* Seismic rehabilitationis requiredforowned or
leasedbuildings under a set ofprescribedcondi-
tions ("triggers') when the upgradingofa building
for otherreasons will cost more than 50percent of
its replacement value and

a Collection ofreliablecost dataon which to base a
more extensive, structured, andcost beneficialpro-
gram ofseismic rehabilitationalso has started In
effect, this is a "MandatoryProgram"model but
one that is being implemented in an incremental
andcautious mannerpending the development of
more reliabledata on which to make such a signifi-
cantpublicpolicy decision.

Implementation has begun. On December 1, 1994,
PresidentClinton signedExecutive Order12941.
This significantpolicy action, titled "Seismic Safety
OfExistingFederallyOwned OrLeasedBuildings,"
establishedminimum seismic rehabilitationstand-
ardsfor "existing buildings constructedforor leased
by thefederalgovernment which were designedand
constructedwithout adequate seismic design and
construction standards." While the Orderestab-
lishes standards,a loophole is providedfrom what is
an internalfederal mandatoryprogram. Under Sec-
tion 3, "ImplementationResponsibilities,federal
departmentsand agencies are allowed to "request
an exemption from this Orderfrom the Directorof
the Office ofManagement andBudget. " The condi-
tions under which an exemption would be granted
have not been defined, andno exemptions had been
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requestedor approvedat the time thispublication
wasprepared. The results of this assessment could
lead to a more active seismic rehabilitationprogram
amongfederalagencies. Moreover, publicized uvp-
grading offederal buildingsin many communities
might triggergreaterattention to and action by local
governments, building owners, and others with a
stake in seismic rehabilitation.

BENEFIT-COST ANALYSES

Expenses associated with seismic rehabilitation -are
never trivial, largelytbecause the basic structural
frame of a building is at issue. In addition, many
nonstructural and mechanicallelectrical systems must
be enhanced commensurately. Thus, the question of
benefits justifying the costs keeps creeping into the
discussions. Benefit-cost analysis can help overcome
owners' initial resistance to investing in seismic
rehabilitation in that it provides a structured way to
compare the longer term benefits to be accrued when
compared to the sometimes seemingly high initial
-costs.

Seismic rehabilitation costs money and money is
scarce (by definition) but someone has to pay for it.
In applying the Guidelines, a benefit-cost analysis is
one way to link together and compare risk, expected
building performance, estimated direct losses (in-
cluding property damage, relocation costs, and losses
in inventory, sales and rental income) with long-term
benefits (the avoided future damage and ancillary
losses) so that intelligent, or at least in formed,
choices can be made about investing in rehabilita-
tion. In the private sector, return on investment is
another important factor that must be taken into ac-
count.

Case I8: The FEMA Benefit-CostModelling

FEMA has been addressingthe fundamental "is it
worth it" question since 1989 by supportingthe de-
velopment of basicbenefit-cost muethods, including
manuals and sofatare, that will help users analyze
seismic rehabilitationpossibilities. The modelspro-
vide default valuesfor key variables, but they explic-
itly urge users to provide ('pluzg in') more accurate
and detailedlocal information wheneverpossible.

FEMA 's initialefforts comprisedtwo benefit-cost
modelsfor applicationprimarilyto privately owned
buildings. Thefirstfocuses on single classes of
buildings (e.g., UR-s), andthe secondaggregates
the results ofseveralsingle classes to facilitate
rehabilitationdecisions about an entire area (e.g.,
PioneerSquare in Seattle or Old Sacramento in Cal-
ifornia. Additional cost data arecontainedin an-
other FEMA document, NEERP Guidelinesforthe
Seismic RehabilitationofBuildings: Example Appli-
.cations(FEMA 276), expected to be availableby
mid-1998.

In essence, a benefit-cost analysisof the seismic re-
habilitationofa buildingrequires a cost estimateof
the rehabilitationplan (always the easierpart)anda
probabilisticestimate offitture benefits (more dif-
cult). Benefits arecalculatedon a netpresentvalue
basisto accountforthe time value ofmoney. They
also depend on the expected annualprobabilitiesof
futwue earthquakes andestimated "avoidedlosses."
Those estimatedavoidedlosses include bitldingre-
pairor replacement-costs,damage to contents and
inventory, relocationcosts, lost income, andthe
monetrwy value ofavoideddeaths and injuries
(basedon a "statisticalvalue oflife'). The benefit-
cost ratiostend to be high (favorable) when the
buildingis of a hazardousclass, the estimatedcost of
rehabilitationis modest, and the annualprobability
ofearthquakes is high.

The appropriateFEMA publicationsandsoftware
are apairoftwvo-volume sets: A Benefit-Cost Model
for the Seismic Rehabilitationof Buildings ('FE1L4
227 and 228, 1992) aId FederalBuildings:A
Benefit-Cost Model (FEMt 255 and256, 1994)
which also includes methodsfor estimatingthe valte
ofpublic services.

In addition, a useful companion two-volume refer-
ence is availablefrom FEtVI - the second edition
of Typical Costsfor Seismic RehabilitationofBuild-
ings, Vol.1, andSupportingDocumentation, Vol. 2.
The new edition is basedon a sample of2, 000 seis-
mnic rehabilitationprojects throughoutthe counztry
that ivere carefully screened and their-costdata ana-
lyzed by sophisticatedstatisticaltechniques. In addi-
tion to mean costfigures, Volume 1 offers the user
three optionalmnethods of alculation, eachyielding
resultsthat have variancesthat become smalleras
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knowledge about the basic characteristicsofa single
building or an inventory ofbuildings increases. Vol-
ume 2 provides the statisticalunderpinningofthe
dataand information on additionalcosts associated
with the nonstructuralandadministrativeactivities
of a rehabilitationproject. There alreadyhas been
strong demandfor these volumes, and their use is
expected to grow considerablywith time, especially
as the implementation ofExecutive Order12941,
gains momentum.

In conducting benefit-cost analyses, it is important to
recognize that rehabilitation costs can vary signifi-
cantly. Such variations can be attributed to local eco-
nomic conditions, prevailing wages, use of union or
nonunion labor, times of day and days of week when
work can be done, the extent of other upgrades re-
quired, the costs of finishes, and similar items famil-
iar to those in the design and construction industries.
In fact, the ancillary and "business interruption" costs
of a major seismic rehabilitation project could actu-
ally exceed the direct costs of design, teardown, con-
struction, permitting, etc. See Chapter 4 for an
examination of potential societal issues by explain-
ing the nature of each problem, typical issues that
may need to be addressed, and various ways of solv-
ing each problem.

BUILDING OFFICIALS: THE EYE OF
THE STORM

A jurisdiction's building officials are central under
any of the three models and in any effort at seismic
rehabilitation. Sooner or later they will be involved
either actively or passively. To explain, a weather
metaphor might be appropriate. Keeping in mind the
increasing conflict potential in the three models, we
can think of attrition as normal weather. The "Vol-
untary Program" is then a tropical depression and,
the "Informal/Encouragement Program," a tropical
storm. The "Mandatory Program" is a full blown
hurricane. The building official is the constant, how-
ever, for he or she remains in the eye of the storm
regardless of its size. In fairness, design professionals
can become caught up as well.

Consistent with this perspective, a researcher once
tried to contact the head of a building and safety de-
partment who was directing the preparation of a draft

hazardous structure abatement ordinance (i.e., this
was a "Mandatory Program" case) and was taking an
incredible amount of political heat as a result. Every-
body was after him, and he was running from meet-
ing to meeting. Not much can be done about the
number of must-attend meetings for a building offi-
cial involved in a "Mandatory Program," but one of
the great virtues of the Guidelinesdocuments is that,
to return to the weather metaphor, these at least
provide a sea anchor to the building official caught in
the hurricane.

SPECIAL CIRCUMSTANCES AND
WINDOWS OF OPPORTUNITY

It is almost a cliche to say that damaging earthquakes
open "windows of opportunity" for advances in
earthquake safety, but this is an actual truism for
seismic rehabilitation. In California, still the peren-
nial source for illustrations, in addition to code
changes for new construction, both statewide and
jurisdiction-specific seismic rehabilitation legislation
came as direct results of various earthquakes from
Long Beach 1933 through San Fernando 1971 to
Northridge 1994.

While the Guidelines documents do not and are not
intended to address the complicated issues involved
in repairing earthquake-damaged buildings, pre-
earthquake seismic rehabilitation of existing build-
ings and post-earthquake retrofitting of damaged
buildings achieve the same purpose - lower risk to
life and property. From a socioeconomic perspec-
tive, many of the same problems arise, and some wis-
dom can be exchanged. For any community consid-
ering seismic rehabilitation, the issue of what to re-
quire of new buildings always surfaces in discussions
of what to require of existing ones. While the Guide-
lines documents offer several performance levels for
rehabilitated buildings, many communities, es-
pecially those in lower risk seismic zones, will obvi-
ously be unlikely to apply to old buildings standards
that exceed those required of new construction.
Therefore, the core of an acceptable program may be
correcting "fatal flaws" (those identified by the engi-
neer and the building official) in various classes of
existing buildings.
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