
Objective Resilience
Policies and Strategies

Edited by
Mohammed M. Ettouney, Ph.D., P.E.

MANUALS AND REPORTS ON 
ENGINEERING PRACTICE 146

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


Objective Resilience

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


Other Titles of Interest

Objective Resilience: Objective Processes, MOP 147, edited by Mohammed 
M. Ettouney, Ph.D., P.E. (ASCE, 2021). Illustrates some of the objective 
processes that are used to manage community and asset resilience and 
provides infrastructure stakeholders with a comprehensive set of practices. 
(ISBN 978-0-7844-1589-4)

Objective Resilience: Technology, MOP 148, edited by Mohammed M. 
Ettouney, Ph.D., P.E. (ASCE, 2021). Examines the use of different 
technologies to enhance community and asset resilience and provides a 
comprehensive set of practices for infrastructure stakeholders. (ISBN 
978-0-7844-1590-0)

Objective Resilience: Applications, MOP 149, edited by Mohammed M. 
Ettouney, Ph.D., P.E. (ASCE, 2021). Provides different applications that aim 
to enhance community and asset resilience from the community viewpoint. 
(ISBN 978-0-7844-1591-7)

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


ASCE Manuals and Reports on Engineering Practice No. 146

Objective Resilience
Policies and Strategies

Sponsored by the  
Objective Resilience Committee of the  
Engineering Mechanics Institute of the  

American Society of Civil Engineers

Edited by
Mohammed M. Ettouney, Ph.D., P.E.

Published by the American Society of Civil Engineers

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


Library of Congress Cataloging-in-Publication Data

Names: Engineering Mechanics Institute. Objective Resilience Committee, author. | Ettouney, 
Mohammed, editor.

Title: Objective resilience. Policies and strategies / sponsored by the Objective Resilience 
Committee of the Engineering Mechanics Institute of the American Society of Engineers; 
edited by Mohammed M. Ettouney, Ph.D., P.E.

Description: [Reston, Virginia] : American Society of Civil Engineers [2022] | Series: ASCE  
manuals and reports on engineering practice ; no. 146 | Part of a four  book committee 
report comprised of: Policies and strategies; Objective processes; Applications; Technology. 
| Includes bibliographical references and index. | Summary: “MOP 146 examines policies 
and strategies related to community and asset resilience and provides infrastructure 
stakeholders with a comprehensive set of practices”-- Provided by publisher.

Identifiers: LCCN 2021040737 | ISBN 9780784415887 (paperback) | ISBN 9780784483749 (pdf)
Subjects: LCSH: Reliability (Engineering) | Civil engineering--Standards. | Natural disasters--

Risk assessment. | Emergency management--Government policy. | Engineering--
Management. | Organizational resilience. 

Classification: LCC TA169 .E545 2022 | DDC 620/.00452--dc23 
LC record available at https://lccn.loc.gov/2021040737

Published by American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, Virginia 20191-4382
www.asce.org/bookstore | ascelibrary.org

Any statements expressed in these materials are those of the individual authors and do not 
necessarily represent the views of ASCE, which takes no responsibility for any statement 
made herein. No reference made in this publication to any specific method, product, process, 
or service constitutes or implies an endorsement, recommendation, or warranty thereof by 
ASCE. The materials are for general information only and do not represent a standard of 
ASCE, nor are they intended as a reference in purchase specifications, contracts, regulations, 
statutes, or any other legal document. ASCE makes no representation or warranty of any 
kind, whether express or implied, concerning the accuracy, completeness, suitability, or utility 
of any information, apparatus, product, or process discussed in this publication, and assumes 
no liability therefor. The information contained in these materials should not be used without 
first securing competent advice with respect to its suitability for any general or specific 
application. Anyone utilizing such information assumes all liability arising from such use, 
including but not limited to infringement of any patent or patents.

ASCE and American Society of Civil Engineers—Registered in US Patent and Trademark 
Office.

Photocopies and permissions. Permission to photocopy or reproduce material from ASCE 
publications can be requested by sending an email to permissions@asce.org or by locating a 
title in the ASCE Library (https://ascelibrary.org) and using the “Permissions” link.

Errata: Errata, if any, can be found at https://doi.org/10.1061/9780784415887.

Copyright © 2022 by the American Society of Civil Engineers.
All Rights Reserved.

ISBN 978-0-7844-1588-7 (print)
ISBN 978-0-7844-8374-9 (PDF)
ISBN 978-0-7844-8410-4 (ePub)

Manufactured in the United States of America.
27  26  25  24  23  22         1  2  3  4  5

Curre
ntly

 in
 p

re
vie

w, c
lic

k 
buy 

fu
ll 

ve
rs

io
n

http://www.asce.org/bookstore
http://ascelibrary.org
https://ascelibrary.org
https://doi.org/10.1061/9780784415887
https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


MANUALS AND REPORTS ON  
ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930, 
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of 
facts on a particular subject, supplemented by an analysis of limitations 
and applications of these facts. It contains information useful to the average 
engineer in his or her everyday work, rather than findings that may be 
useful only occasionally or rarely. It is not in any sense a “standard,” 
however, nor is it so elementary or so conclusive as to provide a “rule of 
thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which 
expresses only one person’s observations or opinions), is the work of a 
committee or group selected to assemble and express information on a 
specific topic. As often as practicable, the committee is under the direction 
of one or more of the Technical Divisions and Councils, and the product 
evolved has been subjected to review by the Executive Committee of the 
Division or Council. As a step in the process of this review, proposed 
manuscripts are often brought before the members of the Technical 
Divisions and Councils for comment, which may serve as the basis for 
improvement. When published, each manual shows the names of the 
committees by which it was compiled and indicates clearly the several 
processes through which it has passed in review, so that its merit may be 
definitely understood.

In February 1962 (and revised in April 1982), the Board of Direction 
voted to establish a series titled “Manuals and Reports on Engineering 
Practice” to include the manuals published and authorized to date, future 
Manuals of Professional Practice, and Reports on Engineering Practice. All 
such manual or report material of the Society would have been refereed in 
a manner approved by the Board Committee on Publications and would 
be bound, with applicable discussion, in books similar to past manuals. 
Numbering would be consecutive and would be a continuation of present 
manual numbers. In some cases of joint committee reports, bypassing of 
journal publications may be authorized.

A list of available Manuals of Practice can be found at http://www.asce.org/
bookstore.
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vii

This objective resilience manual of practice is dedicated to the essential 
workers who are exposed daily to the dangers of the COVID-19 pandemic. 
Included among the many groups of workers are the following: healthcare 
personnel, first responders, public safety officers, correction facility 
workers, food and agriculture, grocery store workers, teachers, US postal 
service workers, public transit workers, and many more people who work 
tirelessly to maintain a sense of normalcy in these unprecedented times.

DEDICATION

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


ix

BLUE RIBBON PANEL................................................................................. xiii

AUTHORS...................................................................................................... xvii

PREFACE..........................................................................................................xix

INTRODUCTION...........................................................................................xxi

1.	 ON THE DEFINITION OF RESILIENCE.............................................. 1
S. Gerasimidis, M. Ettouney

1.1	 Introduction....................................................................................... 1
1.2	 Key Observations for the Definition of Resilience....................... 2
1.3	 The Term “Resilience” and a Historical Perspective of the 

Appearance of the General Concept of Resilience - Etymology... 6
1.4	 General Key Definitions of Resilience........................................... 8
1.5	 Key Properties and Common Components of Resilience: 

Universal Resilience Definition.................................................... 13
1.6	 Resilience versus Risk.................................................................... 14
1.7	 Needed Attributes for Objectivity and Theory of Resilience 

Definition......................................................................................... 16
1.8	 Summary and Conclusions........................................................... 20
1.9	 Recommended Practices................................................................ 20
References................................................................................................. 21

CONTENTS

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/asce-manual-of-practice-no-1462022-pdf/


x	 Contents

2.	 OBJECTIVE RESILIENCE OF INFRASTRUCTURE SYSTEMS........ 25
Amar A. Chaker

2.1	 Introduction..................................................................................... 25
2.2	 Hazards, Threats, and Disruptive or Extreme Events............... 25
2.3	 Infrastructure Systems................................................................... 27
2.4	 Safety and Reliability of Infrastructure Elements...................... 28
2.5	 Safety and Reliability of Infrastructure Systems........................ 30
2.6	 Safety and Reliability of a Set of Interconnected and 

Interdependent Infrastructure Systems....................................... 34
2.7	 Concept of Resilience..................................................................... 39
2.8	 Evaluating and Measuring Resilience......................................... 40
2.9	 Resilience Management................................................................. 42
2.10	 Strategies for Providing and Enhancing Resilience................... 44
2.11	 Conclusion....................................................................................... 44
2.12	 Recommendations.......................................................................... 45
References................................................................................................. 46

3.	 ACHIEVING OPERATIONAL RESILIENCE THROUGH 
CODES, STANDARDS, METRICS, AND BENCHMARKS............ 49
Ryan M. Colker

3.1	 Introduction..................................................................................... 49
3.2	 Community Resilience................................................................... 53
3.3	 Recommendations.......................................................................... 63
3.4	 Conclusion....................................................................................... 64
Bibliography............................................................................................. 64
References................................................................................................. 67

4.	 RESILIENCE MANAGEMENT OF EFFECTS OF HAZARD 
EVENTS...................................................................................................... 71
Milagros Nanita-Kennett, Eric Letvin, Zackary Kennett

4.1	 Overview.......................................................................................... 71
4.2	 Creation of FEMA and Enactment of the Stafford Act.............. 71
4.3	 Key Mitigation Program................................................................ 74
4.4	 The Cost of Mitigation................................................................... 81
4.5	 Mitigation and Resilience.............................................................. 86
4.6	 FEMA’s New Strategy toward Resilience................................... 86
4.7	 Recommended Practices.............................................................. 100
Bibliography........................................................................................... 102
References............................................................................................... 104

5.	 ASSET AND SYSTEM MODELING CONSIDERATIONS FOR 
ASSESSMENT OF CIVIL INFRASTRUCTURE RESILIENCE........ 105
C. Mullen, R. Grant

5.1	 Definition of Resilience................................................................ 105
5.2	 Resilience Factors for Constructed Facilities............................ 106



	 Contents	 xi

5.3	 Performance Measures for Constructed Facility Resilience........111
5.4	 Simulation Tools for Asset and System  

Resilience Assessment.................................................................. 115
5.5	 Asset Resilience—The Role of Simulation................................ 118
5.6	 Best Practices................................................................................. 126
References............................................................................................... 127

6.	 RESILIENCE MANAGEMENT........................................................... 131
Mohammed M. Ettouney

6.1	 Introduction................................................................................... 131
6.2	 Objective Processes....................................................................... 144
6.3	 Components of Resilience Management................................... 158
6.4	� Resilience and Its Multidisciplinary Underpinnings.............. 190
6.5	 The Multifaceted Multihazard Considerations........................ 193
6.6	 The Cascading Events.................................................................. 200
6.7	 Preparedness................................................................................. 206
6.8	 Return on Investment.................................................................. 225
6.9	 Summary and Conclusions......................................................... 229
6.10	 Recommended Practices.............................................................. 229
Notations................................................................................................ 230
References............................................................................................... 231

INDEX.............................................................................................................. 235





xiii

Joseph Brennan, R.A. (New York), AIA, is an architect and digital practice 
evangelist who has worked on projects in various capacities for SHoP 
Architects, Populous, and Gensler. In addition, he is currently an adjunct 
assistant professor at Columbia University’s Graduate School of 
Architecture, Planning, and Preservation and has taught design 
technology–focused courses at various institutions in New York. In 
addition to practice and teaching, Joseph has mentored students at 
Columbia University, as well as emerging businesses through the New 
Museum’s New Inc. Incubator program.

James Brunetti, P.E., is currently director of operations for Absolute Civil 
Engineering Solutions in Ft. Lauderdale, Florida. James has more than 35 
years of experience in structural mechanics, structural dynamics, design of 
structures for extreme loadings, fracture mechanics analysis, forensic 
engineering, and structural failure analysis. He holds a professional degree 
in engineering mechanics and an M.Sc. degree in structural engineering 
from Columbia University, as well as a B.Sc. degree in civil engineering 
from the University of Virginia.

Albert DiBernardo, P.E., ACC, is a consulting engineer. He is the past 
president of TAMS Consulting, Inc. and the past executive vice president/
principal of Thornton Tomasetti, Inc. DiBernardo began his A/E/C career 
in 1974 and for more than 43 years worked on civil infrastructure projects 
worldwide, including water resources, airports, bridges, buildings, port 
facilities, and environmental projects. In the mid-1990s, he began teaching 
engineering professionals leadership and management and until 2016 
served as an adjunct professor in the NYU Tandon School of Engineering 
graduate program for architects, engineers, and construction professionals. 
Today, DiBernardo is still serving professionals in the field as a certified 

BLUE RIBBON PANEL  
(In Alphabetical Order)



xiv	 Blue Ribbon Panel (In Alphabetical Order) 

life/career and business coach, business advisor, meeting facilitator, 
mentor, and teacher.

Ketan Dodhia, P.E., specializes in man-made hazards, blast and progressive 
collapse at Stone Security Engineering. For nearly 20 years as a structural 
engineer, Ketan has focused on protective design projects and worked on 
numerous sensitive public and private sector projects. In addition to 
working all over the World Trade Center sites, including the National 
September 11th Memorial and Museum, Calatrava PATH Hub Station, and 
WTC Towers 2, 3, and 4, Ketan has worked on the New York Stock 
Exchange, the new Smithsonian National Museum of African American 
History and Culture, and various US embassies worldwide. As a senior 
project manager at Stone, Ketan is responsible for project management and 
leadership of the structural design team on blast-resistant design 
assignments.

Christopher Doyle is a consultant on homeland security matters, an 
industry in which he has been immersed for 30 years. Doyle led disaster 
response and recovery operations both in the field and at the headquarters 
while with the Federal Emergency Management Agency (FEMA). With the 
creation of the Department of Homeland Security, Doyle went on to help 
in the stand-up of the Science and Technology Directorate, directing a 
portfolio of research and development focused on response and recovery, 
as well as infrastructure protection. In this role, Doyle led several initiatives 
to promote the notion of resilience by integrating protection from natural 
and man-made hazards throughout the built environment, with particular 
emphasis on critical infrastructure. He was presented with the Institute 
Award from the National Institute of Building Sciences for his leadership 
in this area.

Henry Green, Hon. AIA, has held several leadership positions in the 
building community, including serving as executive director of the Bureau 
of Construction Codes in the Michigan Department of Labor. Henry was a 
member of the Building Officials and Code Administrators (BOCA) Board 
of Directors for 10 years, holding the position of president in 1997. Henry 
was a founding member of the International Code Council Board of 
Directors, completing a term as a president in 2006. He served as a member 
of the National Institute of Building Sciences Board of Directors for 8 years, 
completing a term as chair in 2003 and serving as a president for more than 
10 years. Henry also has served on numerous committees for other building 
industry organizations and is the recipient of numerous awards. Henry was 
recognized by the United States House of Representatives for his work as 
“a tireless advocate for building safety and enforcement of codes.”



	 Blue Ribbon Panel (In Alphabetical Order) 	 xv

Ahsan Kareem, Ph.D., P.E., Dist.M.ASCE, NAE, is the Robert M. Moran 
Professor of Engineering and director of the NatHaz Modeling Laboratory 
at the University of Notre Dame. His work focuses on probabilistic 
characterization of dynamic load effects owing to wind, waves, and 
earthquakes on tall buildings, long-span bridges, offshore structures, and 
other structures via analytical and computational methods and 
fundamental experiments at laboratory and full scale.

Sarbjeet Singh, Ph.D., P.E., LEED, is a licensed civil engineer with more 
than 20 years of industry and research experience, knowledge, and 
expertise in diverse areas of structural engineering/dynamics related to 
buildings, bridges, railroad, tunnels, and infrastructure. Currently, Sarbjeet 
is working as Principal Engineer at Metropolitan Transportation Authority 
(MTA) Construction and Development, New York. His past industry 
experience includes working with Weidlinger Associates Inc. and AECOM. 
Sarbjeet executed his postdoctorate research in structural control at the 
Virginia Polytechnic Institute and State University, USA. Sarbjeet is 
currently an active member of the ASCE Technical Committee of 
Infrastructure Systems with the Transportation & Development Institute 
and is a member of many professional societies, including ASCE, the 
Earthquake Engineering Research Institute, and the American Institute of 
Steel Construction.





xvii

AUTHORS  
(In Alphabetical Order)

Amar A. Chaker, Ph.D., F.AEI, F.EMI, F.ASCE, earned civil engineering 
degrees from the ENPC in Paris and from the University of Illinois, 
Urbana-Champaign. He served on the faculty of the USTHB (Algiers), 
UIUC, and Drexel University. He is now director of the Engineering 
Mechanics Institute (EMI) of ASCE.

Ryan Colker is vice president of Innovation, International Code Council, 
and executive director, Alliance for National and Community Resilience, 
and former vice president, National Institute of Building Sciences. He is a 
graduate of George Washington University and the University of Florida.

M. Ettouney, Ph.D., P.E., F.AEI, Dist.M.ASCE, has 52 years of consulting 
experience in many areas, including in very low-to-ultra-high-frequency 
dynamics and man-made and natural hazards risk and resilience 
management. Lately, he has been concentrating on the use of game, 
decision, graph, and probabilistic graph theories (including developing 
theoretical interactions between these theories) in infrastructure health, 
progressive collapse, and climate change.

S. Gerasimidis, Ph.D., is an assistant professor of civil engineering at the 
University of Massachusetts, Amherst. He has published more than 100 
technical papers in peer-reviewed international journals and conference 
proceedings on infrastructure deterioration/collapse, metamaterials, and 
shell buckling.

Roger J. Grant is executive director, Building Information Management at 
NIBS and has 30 years of experience in design, construction, and 
management of the built environment. He earned a BS in construction 
management and an MBA from Bradley University.



xviii	 Authors (In Alphabetical Order) 

Milagros Nanita-Kennett is the director of research and innovation at the 
Instituto de Educación Superior en Formación Diplomática y Consular 
(INESDYC), Ministerio de Relaciones Exteriores (MIREX). Previously, she 
served as a program manager and senior architect in US DHS S&T as 
applied to risk and resilience assessment and mitigation. She managed 
preparedness, response, and recovery for different natural and man-made 
disasters, environmental sustainability, and climate resilience.

Zackary Kennett, S.E., has over a decade of experience in design and 
construction administration of buildings, including new construction, 
renovations, and buildings on existing steel; RC; and masonry structures. 
He is an expert in interrelationships between asset and community 
resilience.

Eric Letvin, P.E., Esq., CFM, serves as FEMA’s deputy assistant 
administrator for mitigation. He directs the FEMA’s pre- and postdisaster 
mitigation grant programs that support sustainable, disaster-resilient 
communities and to avoid or reduce the loss of life, property, and financial 
impacts of natural hazards.

Chris Mullen, Ph.D., M.ASCE, is an associate professor of civil engineering 
at the University of Mississippi. Dr. Mullen has 35 years of experience in 
structural engineering and mechanics and has been active in SEI and EMI. 
He earned BSCE and MSCE degrees from Rice University and a Ph.D. from 
Princeton University.



xix

PREFACE

Engineering is a balance between analysis and design. Objectivity 
forms, mostly, the basis of mathematics and science, which form, mostly, 
the basis of analysis. Subjectivity forms, mostly, the basis of art, intuition, 
and imagination, which form, mostly, the basis of design (see Figure 1). 
Achieving a proper balance between subjectivity and objectivity during 

Figure 1.  Balanced Execution of Engineering Practice.
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the engineering process will ensure an optimal product. This is true 
especially for complex products that have multitudes of different types of 
components. Admittedly, community and asset resilience is a complex 
issue, and as such dealing with it from the engineering viewpoint will 
require a proper balance between objective and subjective processing.

The Objective Resilience Committee (ORC) of the Engineering 
Mechanics Institute (EMI) of ASCE was formed in 2015 to help achieve a 
balanced resilience treatment, especially from an objective viewpoint. Soon 
after its formation, the ORC initiated the development of an Objective 
Resilience Manual of Practice (OR-MOP) in 2016. The main objective of the 
OR-MOP is to provide a comprehensive basis of recommended practices 
that can help enhance community and asset resilience, while emphasizing 
the objective side of such practices. The developers of the OR-MOP quickly 
realized that because of the wide-ranging extent of community and asset 
resilience, the OR-MOP needed to split its focus into four basic categories: 
(1) Policies and Strategies, (2) Objective Processes, (3) Technology, and 
(4) Applications.

This book examines policies and strategies related to community and 
asset resilience. It aims at providing a comprehensive set of practices, after 
presenting and discussing the basis for these practices. It is recognized that 
this OR-MOP is limited, given the limiting factors of space and time, 
especially in view of the aforementioned wide range extent of resilience. 
However, the developers hope that the OR-MOP can be used as a guide in 
developing additional MOPs that would address additional aspects of 
resilience.

The development of the OR-MOP took almost five years. Many worked 
tirelessly on this project. This includes the authors of the contributing 
chapters, the external Blue Ribbon Panel, which independently reviewed 
the manuscript, and the ASCE Publications editors who provided valuable 
insights and feedback. Special thanks to Dr. Amar Chaker, the EMI director, 
for his efforts and help without which this OR-MOP could not have been 
possible.

Mohammed M. Ettouney, Ph.D., P.E., F.AEI, Dist.M.ASCE 
February 2021. West New York, New Jersey
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INTRODUCTION

There are several popular definitions for resilience, including NIAC 
(2009), the NSC (2011), or the Office of the Press Secretary (2013). For 
example, NIAC (2009), defined infrastructure resilience as follows:

Infrastructure resilience is the ability to reduce the magnitude and/
or duration of disruptive events. The effectiveness of a resilient 
infrastructure or enterprise depends upon its ability to anticipate, 
absorb, adapt to, and/or rapidly recover from a potentially 
disruptive event.

As defined, resilience represents a major issue for society, given the 
magnitude of disaster costs of different kinds. Recognizing the needs of 
society to build and sustain resilient assets and communities, stakeholders 
(e.g., federal, state, and local officials, business owners, professionals, 
educators, and researchers) devoted considerable effort, time, and expense 
examining asset and community resilience. Given the wide range of factors 
that affects resilience, knowledge gaps of the subject are still significant. 
Similar to most important topics, treatment, handling, and communicating 
resilience-related matters started with a subjective basis. Objective 
developments lagged their subjective counterparts; however, these 
developments have been gaining momentum in the last few years. One 
primary reason for the elevated interest in resilience-related objective 
processes is that without adequate objectivity, it will remain difficult to 
provide optimal policies and strategies that aim at delivering practical 
asset and community resilience at reasonable costs.

Recognizing the needs for comprehensive and practical objective views 
of asset and community resilience, the Objective Resilience Committee 
(ORC) of the Engineering Mechanics Institute (MEI) of ASCE embarked on 
developing an Objective Resilience Manual of Practice (OR-MOP). The 
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MOPs of ASCE aim at providing discussions, overviews, developments, 
and/or best practices concerning different topics. To better attain the stated 
goals, the OR-MOP endeavors to explore and discuss some of the many 
issues regarding objective resilience. The OR-MOP also strives to provide 
best practices sections in all the resilience-related subjects it covers. The 
OR-MOP attempts to address the intersection of three different areas: 
resilience (Re), civil infrastructure (CI), and objective processes (OP), see 
Figure 1. In a set-theory formalism, we can express OR-MOP as

	 OR MOP CI OP− ≡ ∩ ∩Re 	 (1)

Because of the different nature of the chapters of the OR-MOP, we 
expect that the extent of their treatment of OP would vary.

To cast as wide a net for resilience-related objective issues as possible, 
which is not an easy task in itself, the OR-MOP is subdivided into four 
books. Each book will examine objective resilience from different 
viewpoints. Figure 2 illustrates the general subjects of the four books.

This book, Policies and Strategies, is the first book in the OR-MOP 
collection. The main objective of the book is to explore different policies and 

Figure 1.  Confluence of domains of the OR-MOP.
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strategies that can provide for resilient assets and communities. Recognizing 
that any successful objective process needs to start with the definitions of its 
subjects, we offer an overview of the many definitions of resilience in the 
first chapter of the OR-MOP. The chapter also introduces a unifying theory 
for resilience definitions (TRDs) regarding the interrelationships between 
the components of some of the popular resilience definitions. The TRD 
should streamline objective applications of resilience. Chapters 2 through 6 
provide different outlooks of policies and strategies, as applied to resilience. 
Chapters 2 through 4 explore relevant policies and strategies of organizations, 
codes and standards, and the federal government, respectively. Chapter 5 
presents a review of objective modeling considerations from policy/strategy 
viewpoints. Chapter 6 offers a discussion of resilience management. All 
chapters will propose a set of recommended practices at the conclusion of 
each chapter. See Figure 3 for a map of the organization of the book.

Figure 2.  Composition of the OR-MOP.
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The intended readers of this OR-MOP include all civil infrastructure 
stakeholders, which may broadly include the following:

•	 Public and private civil infrastructure organizations (transportation, 
water resources, bridges, health care, and so on);

•	 City, county, and state officials;
•	 Emergency managers;
•	 Public safety personnel;
•	 Facility managers;
•	 Security consultants;
•	 Engineers, architects, and other design professionals;
•	 Educators; and
•	 Researchers.

Although there are wide range of objective complexities covered in the 
chapters, a deep knowledge of these objective topics is not required to 
achieve familiarity and benefit from the content. For readers who may not 
have the time to go in depth in each subject matter, it is suggested that they 
initially become familiar with the “recommended practices” at the end of 
each chapter. Each reader can then look at the chapter in depth to learn the 
reasonings/sources of these recommended practices.

Note that ASCE Manuals of Practice (MOPs) are developed by ASCE 
technical committees, such as the ORC, under the direction of an ASCE 
sponsor such as the Engineering Mechanics Institute (EMI). The 
distinguishing characteristic of an MOP, including this one, is that each 
one undergoes peer review by a Blue Ribbon Panel of experts before final 

Figure 3.  Map of this book (policies and strategies).
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approval is sought from the appropriate executive committee. Thus, the 
peer review by the Blue Ribbon Panel gives added weight to the MOP.

Mohammed M. Ettouney, Ph.D., P.E., F.AEI, Dist.M.ASCE
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1.1  INTRODUCTION

Natural and human-made hazards in recent years have led to disasters 
causing significant damage to communities and their infrastructure. The 
associated losses with these disasters have illustrated the need for 
designing civil infrastructure that can withstand such events with 
minimum disruption. The approach of investigating civil infrastructure 
against disasters in terms of losses and consequences, continuation of 
operations, and time to recovery (The terms “time to recovery,” “rapid 
recovery,” or just “recovery” have been used by different authors. We will 
use them interchangeably for the remainder of this chapter.) has been 
widely known as “infrastructure resilience.” However, because several 
researchers and agencies have approached infrastructure resilience from 
various viewpoints, it is considered beneficial to provide a closer look at 
the definition of the term “resilience.” This is the main objective of this 
chapter and one of the goals of the current Manual of Practice.

This chapter is not intended to be a complete inventory of all the 
definitions of resilience that have appeared in the literature. Not only 
would this be a pointless long inventory of definitions, it is the authors’ 
opinion that it would lead to an outcome opposite of the intended one. The 
intention of the authors is to highlight some important definitions and 
identify common patterns overarching almost all definitions. Along these 
lines, this chapter does not aim at adding one more definition to the ones 
that already exist in the literature. The approach adopted herein is to 
provide useful key properties and common components among all 
measurements and definitions of resilience that can describe the concept 
of resilience for infrastructure systems, distinguishing resilience from 
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