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This book is the outcome of teaching the subject of structural and system reliability at the
University of California for more than 40 years. I was hired there as Assistant Professor in
1978 and tasked with the responsibility of developing the field of risk and reliability analysis
in civil engineering. Over the subsequent years, | collected, produced/co-produced. and
refined the material that forms the core of this book. Of course, 1 was influenced by the
developments in the field as encountered them in the literature or through interactions with
colleagues both within and outside the university. I was also assisted by the many excellent
students who did their research in this field under my supervision. Aside from a graduate
course on structural and system reliability, 1 developed and taught undergraduate courses on
engineering data analysis and engineering risk analysis, and a graduate course on stochastic
structural dynamics, all of which employed probabilistic methods. Parts of this book are
influenced by my teaching of these courses, also.

My motivation for writing this book lies in my strong belief that the topic of structural
and system reliability is in need of a textbook that presents the material in a clear and wel]-
organized way, without unnecessary mathematical formalism, and in a manner that facili-
tates self-learning through clear exposition of background theories followed by demonstra-
tive examples. For this reason, the book contains many worked-out examples, each designed
to demonstrate one or more fundamental concepts. The material seeks to provide a contem-
porary treatment of the subject.

The first 11 chapters of the book form the core of the teaching material. They include
detailed numerical examples and end-of-chapter problems. The focus is on developing
structural reliability methods, including the first- and second-order reliability methods
(FORM and SORM), a host of sampling methods, models and methods for time- and
space-variant reliability analyses, and Bayesian parameter estimation and reliability updat-
ing. Earlier methods, such as the second-moment reliability method (FOSM), are also
presented for their historical interest. Methods for characterization and reliability assess-
ment of systems are presented in a broad Way. appropriate for both structural systems and
infrastructure systems. Also included, in considerable detail, are methods for assessing
reliability sensitivity and variable Importance measures.

The last four chapters of the book, which are on the topics of finite-element reliability
analysis, stochastic dynamics of nonlinear structures, reliability-based optimal design, and
Bayesian networks for structural reliability assessment and updating, are presented more as
state-of-the-art reviews than textbook material. These topics are still developing, and I hope
that these chapters will motivate some readers to pursue further research and development in
these areas.
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My own entry into this ficld was somewhat accidental. As a new doctoral student at the
University of Illinois at Urbana-Champaign, in the fall of 1972, 1 visited Professor Alfredo
H.-S. Ang. who was looking for a research assistant. He asked whether I had a background
in probability theory. I said that I did not. He told me that the project he had was in risk and
reliability analysis and that it required a background in probability theory, going on to say
that it was all right that I did not have such a background but that I would have to take his
courses 1o learn it. He was so honest as to admit that some civil engineering faculty thought
this field “useless,” but he disagreed and saw a bright future. He then gave me Bruce
Ellingwood’s newly completed doctoral thesis to read, to give me an idea what the topic
was about. With my lack of a background in probability, naturally I did not understand
much of Bruce’s thesis. But I was sufficiently intrigued to give the subject a try. I took two
courses with Professor Ang that semester, one on risk analysis and decision-making and the
other on structural reliability. The probabilistic approach in both courses appeared to me to
be logical and ecasy to grasp and devoid of the somewhat dogmatic and mysterious
approaches 1 had seen in other courses. That set the direction of my entire academic career.

Looking back, I am amazed at how far the field has developed. The need for risk and
reliability assessment in engineering has become paramount in order to assure the safety and
operability of engineered facilities and for optimal use of resources. With the advent of
sensor technologies and advances in data analytics, even broader opportunities for the use of
risk and reliability methods for decision-making are available. It is clear that Professor
Ang’s prediction in 1972 was correct.

To master this subject, the student must have a strong understanding of applied probabil-
ity and statistics. Although it is desirable that the student have such a background before
reading this book, it is possible to gain the necessary proficiency by thoroughly absorbing
the material in Chapters 2 and 3. Additional material on random processes and random
fields is presented in Chapters 11, 12, and 13. While that material is sufficient for the topics
covered in this book. these are rich topics that go far beyond what is presented here.
References for further reading are listed throughout the book.

The solution of non-trivial structural reliability problems requires the use of specialized
software. In Chapter 1, several software packages for this purpose are mentioned. Among
them are CalREL, FERUM, and OpenSees, which have been developed at the University of
California, Berkeley (with FERUM further developed at the Université Clermont
Auvergne, France), and are freely available as described in Chapter 1. Additional computa-
tional tools for reliability analysis and uncertainty quantification are being made available
by the new generation of academics and researchers in this field, as also described in
Chapter 1. Indeed. the resources available for studying and applying the methods of
structural and system reliability are infinitely larger than what was available when I started.

It is my hope that students and instructors will find this book worthy of their consider-
ation and use. I also hope that researchers and practicing engineers will find the exposition
sufficiently clear for self-learning and use in their research and practice.



