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The EERI Oral
History Series
This is the twenty-ninth volume in the Earthquake Engineering Research Institute’s series,
Connections: The EERI Oral History Series. EERI began this series to preserve the recollections
of some of those who have had pioneering careers in the field of earthquake engineering.
Significant, even revolutionary, changes have occurred in earthquake engineering since
individuals first began thinking in modern, scientific ways about how to protect construction
and society from earthquakes. The Connections series helps document this important history.
Connections is a vehicle for transmitting the fascinating accounts of individuals who were
present at the beginning of important developments in the field, documenting sometimes
little-known facts about this history, and recording their impressions, judgments, and
experiences from a personal standpoint. These reminiscences are themselves a vital
contribution to our understanding of where our current state of knowledge came from and
how the overall goal of reducing earthquake losses has been advanced. The Earthquake
Engineering Research Institute, incorporated in 1948 as a nonprofit organization to provide
an institutional base for the then-young field of earthquake engineering, is proud to help
tell the story of the development of earthquake engineering through the Connections series.
EERI has grown from a few dozen individuals in a field that lacked any significant research
funding to an organization with nearly 3,000 members. It is still devoted to its original goal
of investigating the effects of destructive earthquakes and publishing the results through
its reconnaissance report series. EERI brings researchers and practitioners together
to exchange information at its annual meetings and, via a now-extensive calendar of
conferences and workshops, provides a forum through which individuals and organizations
of various disciplinary backgrounds can work together for increased seismic safety.
The EERI oral history program was initiated by Stanley Scott (1921–2002). The first nine
volumes were published during his lifetime, and manuscripts and interview transcripts
he left to EERI are resulting in the publication of other volumes for which he is being
posthumously credited. In addition, the Oral History Committee is including further
interviewees within the program’s scope, following the Committee’s charge to include
vii

subjects who: 1) have made an outstanding career-long contribution to earthquake
engineering, 2) have valuable first-person accounts to offer concerning the history of
earthquake engineering, and 3) whose backgrounds, considering the series as a whole,
appropriately span the various disciplines that are included in the field of earthquake
engineering.
Scott’s work, which he began in 1984, summed to hundreds of hours of taped interview
sessions and thousands of pages of transcripts. Were it not for him, valuable facts and
recollections would already have been lost.
Scott was a research political scientist at the Institute of Governmental Studies at the
University of California, Berkeley. He was active in developing seismic safety policy for
many years and was a member of the California Seismic Safety Commission from 1975 to
1993. Partly for that work, he received the Alfred E. Alquist Award from the Earthquake
Safety Foundation in 1990.
Scott received assistance in formulating his oral history plans from Willa Baum, Director
of the University of California, Berkeley Regional Oral History Office, a division of the
Bancroft Library. An unfunded interview project on earthquake engineering and seismic
safety was approved, and Scott was encouraged to proceed. Following his retirement from
the University in 1989, Scott continued the oral history project. For a time, some expenses
were paid from a small grant from the National Science Foundation, but Scott did most
of the work pro bono. This work included not only the obvious effort of preparing for and
conducting the interviews themselves, but also the more time-consuming tasks of reviewing
transcripts and editing the manuscripts to flow smoothly.
The Connections oral history series presents a selection of senior individuals in earthquake
engineering who were present at the beginning of the modern era of the field. The term
“earthquake engineering” as used here has the same meaning as in the name of EERI—the
broadly construed set of disciplines, including geosciences and social sciences as well
as engineering itself, that together form a related body of knowledge and collection of
individuals that revolve around the subject of earthquakes. The events described in these
oral histories span many kinds of activities: research, design projects, public policy, broad
social aspects, and education, as well as interesting personal aspects of the subjects’ lives.
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Foreword
Interviews between Anil K. Chopra and Robert Reitherman at the Chopra residence began
in November, 2018 and continued into 2020.
The organizing committee for the Symposium on the occasion of Chopra’s retirement
was instrumental in obtaining funding additional to that provided to the Earthquake
Engineering Research Institute (EERI) by the Federal Emergency Management Agency
(FEMA) for this volume.
Oral History Committee members Robert D. Hanson and Loring A. Wyllie, Jr. reviewed
the manuscript, and Vida Samardžić, EERI Membership and Publications Manager, was
involved in arranging transcriptions.
Several individuals, including Nasreen Chopra, Juan Carlos de la Llera, Luis Esteva,
Fernando Guerrera, and Jorge Gutierrez, kindly provided the photographs that appear in
this volume. Claire Johnson of UC Berkeley’s PEER Center worked with Professor Chopra
on editing various versions of the manuscript. Notes prepared by Chopra for Chapters 9 and
10, with some further editing, became extensive enough to comprise the content of those
chapters.
Sarah Nathe was responsible for the editing and indexing of this oral history, and George
Mattingly did the page layout work to put the document into its final format.

Ayse Hortacsu
EERI Oral History Committee Chair
September, 2020
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Personal
Introduction
Historians debate whether history is made through the events of an era or by individuals. Do
external forces shape history or is it forged by leaders? The reality is a combination of events
and leaders, and the history of earthquake engineering exemplifies this proposition. This
latest volume in the series by the Earthquake Engineering Research Institute presents the
oral history of one of those leaders, Anil K. Chopra. In the pages that follow, Anil’s contributions and accomplishments connect the early years to the scope of the field today.
Chopra’s story is the narrative of one person, but it is also about a university community
during a unique time. The interviewer, Robert Reitherman, calls this “the Golden Age of
earthquake engineering at Berkeley,” and refers to the University of California, Berkeley
faculty as “the founding generation.” As they conducted research in structural engineering,
geotechnical engineering, seismology, architecture, urban planning, and public policy,
members of the outstanding faculty not only defined their disciplines, they collaborated
on what were then novel interdisciplinary approaches to addressing the challenges facing
society. Anil is part of that founding generation.
Chopra was only 20 when he arrived at Berkeley from India. His doctoral research under
the supervision of Ray Clough was one of the first applications of the recently named (by
Ray himself) finite element method to dynamic analysis of continua, in this case dams. Soon
after, Anil moved to the University of Minnesota, but Joe Penzien invited him to return to
Berkeley in 1967 and become a researcher on one of the first earthquake engineering grants
from the National Science Foundation. Anil became a Berkeley faculty member in 1969.
He was at the right place at the right time. The 1971 San Fernando earthquake showed the
destructive power of a major earthquake in an urban region and its far-reaching effects
on public safety, the economy, and the social fabric. The poor performance of buildings,
bridges, and dams during this earthquake highlighted the structural engineering topics that
Anil devoted his career to understanding. After San Fernando, there was an urgent need to
improve the design of buildings to withstand earthquakes. Toward that goal, the legendary
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Nate Newmark led a collaboration of practicing engineers and engineering faculty in the
project known as ATC-3. Newmark asked Anil, then an associate professor, to chair the
technical committee on structural analysis. The methodologies in the resulting 1978 ATC-3
report fundamentally changed earthquake engineering. For the first time in building design,
the provisions included the effects of soil-structure interaction, incorporating research by
Andy Veletsos, a longtime friend of Anil’s.
I have known Anil for 40 years, first as a doctoral supervisor, and later as a mentor and a
colleague. He has greatly contributed to my growth as an engineering researcher, teacher,
and faculty member, and it is an honor to provide a personal introduction to his oral history.
I joined the graduate program in structural engineering at UC Berkeley in the fall of 1979.
The summer before, I had worked at an engineering firm helping with the analysis of
nuclear power plants. I realized I didn’t know much about finite element analysis, but I felt
lucky to have the opportunity to learn firsthand from the experts.
At the time, there were about 100 new graduate students in Berkeley’s structural engineering program. Davis Hall was brimming with activity and the classrooms were full. Standing
at the front of our lecture halls were faculty whose names we recognized as giants in the
field—individuals who had written the textbooks we were studying. By the end of the
decade after San Fernando, we had witnessed an explosion of new approaches, methodologies, and technologies, many of which were being created at the very institution where I was
a graduate student.
When I returned for the second year, I needed a topic to begin my doctoral studies. I met
with Anil and he talked about his research—why it was important and what he thought
the next steps should be. I knew little about the engineering problems he described, except
for what I’d heard during the summer job. But I had taken the two-quarter sequence of
structural dynamics courses from Ray Clough and Joe Penzien. My guess is Anil, in his
thorough way, had checked with Ray and Joe about my performance in their classes before
he agreed to meet. The first topic I addressed with Anil was on soil-structure interaction,
and I memorized chapter 6 of the aforementioned ATC-3 report while figuring it out.
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I do not remember that chapter anymore, but I have not forgotten Anil’s graciousness during
our first meeting. He had an exceptionally clear way of posing a problem and was fully
prepared for even a first meeting with a graduate student. He was very convincing, and we
began our long association and friendship. I learned from him how to think about engineering, how to convey ideas, how to present findings, and the importance of rational tools for
design engineers. As a mentor to graduate students, Anil is the model I aspired to emulate in
my own teaching career without ever feeling I achieved it—he has set the bar that high.
Writing for Anil Chopra requires more comment. I thought I had learned to write reasonably well in high school and college. But I still can visualize the first paper I gave him for
review, and I’ll never forget those red- and blue-inked pages. It is no exaggeration to say that
I learned how to write engineering papers from Anil, even though I didn’t attain his thoroughness of exposition and degree of clarity. I’m not the only one; this volume contains an
appendix by several other former students who tell their own stories about writing for him.
After completing my PhD in 1984 on the earthquake analysis of concrete dams, I started
my career at The University of Texas at Austin. A couple of years later, I met with Anil (my
recollection is in Washington, DC), who said that Ray Clough was retiring and a search
for the open faculty position would commence. Anil asked about my interest in applying.
Reading this history now, I learned that Anil was to me as Joe Penzien was to Anil in our
respective returns to Berkeley. One thing led to another, and I joined the Berkeley structural
engineering faculty in January 1988.
I could write much about the 20 years Anil and I were colleagues. During that time, Anil
supervised another 11 for a total of 31 doctoral students, extending the research for which he
became renowned: on concrete dams, response and design of asymmetric-plan buildings,
response of base-isolated buildings, and estimating seismic demands on buildings. I want to
highlight the academic year 1993–94, in which Anil took a sabbatical leave to write Dynamics
of Structures. In his diplomatic way, Anil asked if we could meet periodically during the year
because he was writing a new textbook and wanted to discuss drafts of chapters from pedagogical and technical perspectives. As the present volume reveals, Anil recalls that writing
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Dynamics of Structures was one of his most enjoyable professional experiences because he had
the luxury to devote his time to one subject. I delighted in our lunches where we talked
about the chapters as Anil wrote them. I learned again from a master teacher looking afresh
at, and then explaining concepts that I had been teaching and using in my own research.
No one does more than Anil Chopra to support students and colleagues. When you get a
phone call from Anil, be prepared to say yes. In the pages that follow, you will encounter
Anil’s graciousness, his clarity of thought, his dedication to students, and his reflections on
earthquake engineering as a member of “the founding generation” in the field to which he
has contributed so much.
Gregory L. Fenves
President, Emory University
Atlanta, Georgia
September, 2020
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Anil K. Chopra

Chapter 1

Growing Up
in India
I would argue that partitioning India is what created
the animosity between Hindus and Muslims and the
ensuing migration of some ten million refugees.

Parents and Grandparents
Reitherman: Let’s start, if you would, by saying a few words
about your ancestors.
Chopra: I never saw my great grandparents. I knew my grandparents on both my mother’s and father’s side well into my thirties.
My mother’s parents were living in Peshawar, a city in the Northwest Frontier Province, now in Pakistan. They had a business there
of gentlemen’s clothing and custom tailoring. My grandmother’s
name was Shanti Malhotra and my grandfather’s was Radha
Kishan Malhotra; they were wealthy, with a flourishing business
and property which they rented out. My mother, Sushila Malhotra,
grew up in Peshawar, where she went to college. After the partition
of India in 1947, my grandparents fled as refugees from Peshawar
to New Delhi, capital of independent India, leaving their business
and property behind.

1

Chapter 1
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My father’s parents came from the part of
Punjab that is now in Pakistan. Punjab was partitioned at the time of independence into West
Punjab, which became part of the new country
of Pakistan, and East Punjab, which remained
in India. My father’s family came from a small
town, maybe even a village that I never visited,
and later on they settled in a large city, Rawalpindi, which is very close to Islamabad, built in
the 1960s as a planned city to replace Karachi
as the capital of Pakistan. In the small town, my
paternal grandfather, Pishori Mal Chopra, was
the postmaster. Later he started an automobile
parts business in Rawalpindi. My paternal
grandmother’s name was Ram Rakhi. In that
era, women did not work outside of the house,
and that was true of both of my grandmothers
and even my mother.
My father, Kasturi Lal Chopra, was welleducated, having earned a master’s degree
in physics. He was working for All-India
Radio, known since 1956 as Akashvani. It is
the national radio, and now also television,
channel of India, akin to the BBC in the United
Kingdom.

The Partition of India
Chopra: I was born in Peshawar, February
18, 1941. Because Peshawar is now part of
Pakistan, this creates an interesting complication today. Whenever I apply for a visa to go
back to India, I get a lot of questions about my
Pakistan connection. As you know, political
tension between the two countries continues to
this day. The Indian visa works out in the end,
but it’s an unnecessary hassle.
Reitherman: Looking at Peshawar on the
map, we see that it is about as far from India as
2

one can get in the modern nation of Pakistan,
only a few miles from the Afghanistan border.
Chopra: Peshawar is near the famous
Khyber Pass, a mountain pass in the northwest
of Pakistan, on the border with Afghanistan.
That is the route chosen by most of the invaders entering India over the centuries. My
father started his career with All-India Radio
in Peshawar, was transferred to Bombay (now
called Mumbai), and then a couple of years
prior to the independence and partitioning
of India in 1947, he was transferred to Lahore.
This is perhaps the most interesting city in
today’s Pakistan; it’s a cultural center, very
historic, and the Mughals built some very
important monuments there. That was where I
have my earliest memories, as a child of four to
six years old.
Reitherman: Looking at the map again, we
see Lahore is very near India, just across the
border.
Chopra: On the Indian side of the border is
the city of Amritsar, the holy city of the Sikhs,
where the Golden Temple—one of the holiest
sites for the Sikhs—is located. The distance
between Amritsar and Lahore is about 30
miles. The amount of blood that was shed and
number of people killed in the short distance
between these neighboring cities in 1947 is
incredible and shameful.
Reitherman: Was Lahore predominantly
Hindu or Muslim?
Chopra: Hindus and Muslims had coexisted for centuries. They spoke essentially
the same language and had been culturally
connected for a long time. I would argue that
partitioning India and the ensuing migration
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of some ten million refugees is what created
the animosity between Hindus and Muslims.
Otherwise, the two communities had been
living amicably together for centuries. My
favorite book covering this period of history
is by Stanley Wolpert, Professor of History,
University of California, Los Angeles,1 who
blames the British for exiting India before a
united nation or logically drawn boundaries
were created. 2
Returning to your question, the population of
Lahore in 1947 was around 700,000, with some
65% Muslims, and the rest were Hindus and
Sikhs. The partitioning of India was ostensibly
on the basis of religion: Pakistan for Muslims
and India for Hindus. However, many Muslims
decided not to move to Pakistan. Today, the
number of Muslims in India is only slightly less
than in Pakistan and they represent around
14% of India’s population. Similarly, some
Hindus stayed in Pakistan; they are less than
2% of Pakistan’s population.

1

Stanley Wolpert (2006), Shameful Flight: The Last
Years of the British Empire in India, Oxford University Press.

2 “The hastily and ineptly drawn lines of partition
of North India’s two greatest provinces, Punjab
and Bengal, slashed through their multi-cultural
heartlands…. Following Britain’s flight, a tsunami
of more than ten million desperate refugees swept
over North India: Hindus and Sikhs rushed to
leave ancestral homes in newly created Pakistan,
Muslims fled in panic out of India. Each sought
shelter in next-door dominion. Estimates vary
as to the number who expired or were murdered
before ever reaching their promised land. A
conservative statistic is 200,000; a more realistic
total, at least one million.”
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I have some hazy memories of the HinduMuslim riots in Lahore during the months
leading up to the partition of India. That is a
shameful chapter in the otherwise glorious
movement of civil disobedience and nonviolent
opposition to British rule, eventually leading
to independence.
Once it became clear that Lahore would
become a part of Pakistan, officers of the
government of India stationed in Lahore were
given the option of moving to India. My father,
being Hindu, chose that option, and he was
transferred to Lucknow, the capital of Uttar
Pradesh, a province in the northern part of
India. That’s where I found myself, in 1947, as a
six-year-old, with a younger sister, Aruna, and
younger brother, Avinash.
Reitherman: All of the cities you mention—
Peshawar, Lahore, Amritsar, Lucknow—are
famous in history. And Lucknow is near to
Kanpur, also historically important.
Chopra: Yes, about 50 miles apart. Lucknow
and Kanpur are prominent in the history of
India in the 19th century because that’s where
the mutiny against the British started.
Reitherman:

1857?

Chopra: Yes. Some call that mutiny the first
war of independence; as you know, independence from British rule was finally achieved in
1947.
Reitherman:
cities?

Have you re-visited these

Chopra: I’ve never been able to go back
to Peshawar, although a few years ago I was
invited by the University of Peshawar to spend
a week, advising and lecturing. I had indicated
3
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my willingness and was obviously curious to
see my childhood place, and hike in the mountains in the Northern Territories of Pakistan.
Unfortunately, at that time a major political
crisis developed in Pakistan, and it was unwise
for me, a Hindu, to travel there. So I postponed
the trip for a year and then Benazir Bhutto was
assassinated. I didn’t know how to say “no” to
them, declining their invitation a second time.
I talked to the professors at the University of
Peshawar by telephone and asked them if they
felt comfortable with my planned visit, because
they would feel a sense of responsibility for
my welfare. They hemmed and hawed, and it
became clear they weren’t comfortable. So I
never went.
I have gone back to Lucknow. My wife,
Hamida, who is a serious scholar of Urdu
literature, was interested to visit Lucknow
because it is a major literary and cultural
center, so we did visit. I have never been able to
go back to Lahore
Reitherman: What languages did you speak
in the home? I know we will later get to the
topic of your interest in Urdu poetry.
Chopra:

English was taught in school right from the
beginning. When we went to Lucknow we
were influenced by the Urdu language, and
I learned that language just by living there.
Hindi and Urdu have the same grammar,
perhaps half of the vocabulary is common, but
the rest of the vocabulary is different. Many,
many words in Urdu came from Arabic or
Farsi, and words that originated in ancient
Indian languages became part of Hindi.

Early Schooling
Reitherman:

Where did you go to school?

Chopra: My schooling up through high
school3 and intermediate college was in
Lucknow.
Reitherman: And there was no course on
engineering offered in high school, which is
still the common case most everywhere today?
Chopra: Right, nothing about engineering. I
took courses in physics, chemistry, mathematics, and two languages, but nothing related to
engineering.

My mother tongue is Punjabi.

3 At the time in India, Grades 9 and 10 were known
as high school and Grades 11 and 12 as Intermediate College.
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Off to College
in Banaras
Most engineering colleges required a minimum age
of 17, but Banaras Hindu University did not. That was
why I started studying engineering there in 1956, at
the age of 15.

Reitherman: When it came time to go to college, you had an
uncle who influenced you, whom you speak of in your University
of California, Berkeley faculty retirement video interview with
Filip Filippou.4
Chopra: Prem Krishan Malhotra, an uncle on my mother’s side,
was six years older than I. In 1954 he had finished his first year
at the Medical College in Amritsar. That summer I visited my
grandmother’s home in Amritsar for an extended period, where
I spent a lot of time with my uncle. It became clear that my uncle
was not enjoying medical studies. Several exchanges with him
resulted in me dropping the idea of going to medical college, and I
turned to engineering. Perhaps I disappointed my father, who had
4 Filip Filippou and Anil K. Chopra (2020), “A Conversation,” (video
interview), https://www.youtube.com/watch?v=z-lmlo_p3yE, College of
Engineering, UC Berkeley.
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wanted me to pursue the medical profession,
and that was my plan until that fateful summer
of 1954. I started taking physics, mathematics,
and chemistry rather than the biology courses
that would lead to medical school. Looking
back on my life, I am so glad that I studied
engineering.
Reitherman: How did you decide to go to
Banaras Hindu University?
Chopra: Strangely, my choice of engineering
college was dictated by my age. I was 15 years
old when I completed intermediate college, the
12th grade, a couple of years younger than my
classmates. I actually could have completed
intermediate college when I was 14, but my
mother had the foresight to realize I needed
another year of maturity and held me back to
repeat the tenth grade. In retrospect, it was one
of the best decisions my mother made for me. It
gave me a firmer educational foundation, and it
matured me a bit more.
Reitherman:

How did you get so far ahead?

Chopra: Basically, my first four grades were
completed in one year.
Reitherman: Why did you choose Banaras
Hindu University?
Chopra: At that time, the only Indian
Institute of Technology (IIT) that existed
was in Kharagpur, in the state of West Bengal.
Founded in 1951, it did not have the big reputation that IITs enjoy today. The most famous
engineering schools at that time were the
University of Roorkee (founded in 1847) and
Banaras Hindu University (BHU) (founded in
1916).
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Reitherman: I think Roorkee was the first
university in India to teach civil engineering.
Chopra: That is correct. At the time, Roorkee also required a minimum age of 17 at the
time of entrance. Most engineering colleges
required a minimum age of 17, but Banaras
Hindu University did not. That was why I
started studying engineering there in 1956, at
the age of 15. Banaras Hindu University was
one of the first universities in India originated
by private initiative and required a lot of fund
raising; later, the engineering college was
named as one of the IITs with government
funding. It is the largest residential university
in Asia, with over 40,000 students, a large
majority of whom reside on campus.
Reitherman: A famous figure in Indian
history established the university.
Chopra: Yes, Madan Mohan Malaviya, a
prominent lawyer and India Independence
activist, who was given the name of Mahamana, Great Thought, by Mahatma Gandhi.
Reitherman: Annie Besant also figures into
the story of establishing the university, as well
as the independence movement.
Chopra: Annie Besant founded Central
Hindu College, which later became a part of
the university. She had been independently
thinking of establishing a university, and in
1911 she and Malviya joined forces to build a
university in Banaras.
Reitherman: Besant was a leader of Theosophy. Was there any influence on the university?
Besant even ended up the legal guardian
of Krishnamurti, the guru or leader of the
Theosophists.
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Chopra: I don’t think so, at least not on the
education at the university.
Reitherman: I’m familiar with the names
Benares or Banaras, but straighten me out on
the other names for the place.
Chopra: When I went to university there,
1956 to 1960, the name was Banaras. Varanasi
came later, just like Mumbai came later to
replace Bombay, out of some sort of desire to
get rid of all British names. Varanasi was the
capital of the Kingdom of Kashi during the
time of the Buddha (6th century B.C.). Varanasi is one of the oldest continuously inhabited
cities in the world
Reitherman: Most people have seen travel
photos of the ghats, the massive stairways,
coming down into the Ganges River, with
buildings of exotic architecture lining the
water’s edge. It is a sacred pilgrimage city,
isn’t it?
Chopra: Yes, Varanasi is considered the holiest of the seven holy cities in Hindu religion.
I actually had most of my experience of that
historic part of Banaras later in life as a tourist.
The university was located on the outskirts of
the city, and as students we had little reason to
visit the ghats. Varanasi also played an important role in the development of Buddhism.
Reitherman:
engineering?
Chopra:

Your major was civil

Yes.

Reitherman: Explain an item on your
résumé: what is your Gold Medal for standing
first in order of merit for the University’s B.Sc.
examination?
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Chopra: Before answering this question, I
should go back a few years. Both my parents
were always there for us, the children. My
father was a strict disciplinarian, but my
mother had a very close relationship with me.
She was the one who somehow had a vision
for me, motivating me to do the very best I
could. In my high school days and intermediate
college, she would wake me up at five o’clock
in the morning, make tea to get me alert, and
then sit with me to make sure I didn’t fall
back to sleep while studying. The Board of
High School & Intermediate Education in
Uttar Pradesh (Lucknow is the capital of this
state) administered statewide high school
examinations (after Grade 10) and intermediate
examinations (after Grade 12). The board holds
the examinations and prepares the results for
a large number of students; it was 3.2 million
in 2018. I do not know the total number in the
mid-1950s when I sat these examinations.
Depending on their scores, students were
placed into the first division, then second
division, third division, or a failing category.
My mother taught me that scoring in the first
division was not enough for me. She inspired
me to do my very best, and I ranked 13th in
the state in the high school exam and ninth
in the state in the intermediate examination.
My mother made me feel that I had to live up
to such ranking in engineering. At the end of
my four years at BHU, I ranked first among all
civil engineering students, and received the
Gold Medal in recognition of my standing.
Reitherman: Let me ask you a question I
have asked just about every one of the oral
history subjects I’ve interviewed. I always get
the same answer, but just to be complete, tell
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me: when you were an undergraduate, did you
take an earthquake engineering course?
Chopra:

No such course existed.

Reitherman: It must have been sometime in
1959 or 1960 that you would have been thinking
about what you would do next.

First Jobs After Graduation
Chopra: For reasons I did not know, I had
an urge to continue studying. At that time,
graduate programs in engineering did not
exist in any significant way in India. I did
not know what to do. So after I graduated,
I started looking for a job. My father had a
conservative approach to seeking a job with a
large organization with a good reputation. He
saw a newspaper advertisement from Standard
Vacuum Oil Company (a U.S.-based company
that marketed products in the Far East) for
hiring young people to enter their executive
training program. My father asked me to apply
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for a job, and I did. In a nationwide search, only
four were selected. I joined the company and
worked in New Delhi. It was an excellent job
in terms of salary, societal status, and facilities,
but I found that there was no engineering work
to do. All they designed were gas stations, so I
was not enjoying my work.
I was visiting Calcutta on business, and I
noticed an ad by Kaiser Engineers, who were
embarking on designing and building an
aluminum plant in the state of Uttar Pradesh,
and they were advertising job openings on this
project. I applied, without telling my father. I
got an offer. Then I changed jobs and told my
parents after the switch was completed.
At Kaiser, I met some fellow engineers who
had gone to graduate school in the United
States. This led me to apply to universities in
the United States. This was in late 1960 and
early 1961.

Chapter 3

Graduate Study
at UC Berkeley
That one letter from Ray Clough changed my life.

Reitherman: In your videoed interview with Professor Filippou,
you say that, in addition to applying to UC Berkeley for graduate
admission, you applied to MIT and the University of Illinois at
Urbana-Champaign. I know we will talk about the University
of Illinois and Nathan Newmark a little later. To put the reader
into the historical setting of circa 1960 in the U.S., there were not
dozens of civil engineering graduate programs at top universities.
Giving a doctoral degree in civil engineering was rare, whereas
for decades there had already begun PhD programs in the sciences
and humanities. The short list of universities with strong civil
engineering graduate programs included MIT, University of Illinois, University of Michigan, Caltech, Stanford, and UC Berkeley.
Chopra: Exactly. And in 1960, sitting in India, how would I even
know where to apply? If I remember correctly, I went to the library
of a U.S. agency (perhaps USAID) in New Delhi where I found
university catalogues, and somehow I chose to apply to MIT, University of Illinois, and UC Berkeley. My pursuit of graduate education was totally dependent on getting financial support. My parents
did not have the means, and I had saved just enough money in the
year I worked as an engineer in India to pay for my transportation
9
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to the U.S. The only university that came
through with a financial offer was UC Berkeley.
The letter was signed by Ray Clough, who at
that time was in charge of graduate admissions
in the structural engineering and structural
mechanics (SESM) division. I still have the
letter [reproduced in the Photographs section].
I was offered a teaching assistantship at a salary
of $225 per month. In those days, fees were
non-existent, so that was enough money. That
one letter from Ray Clough changed my life.
Without that letter, I would not have had the
exhilarating and personally satisfying education and later an academic career at Berkeley.
At the opening talk at the Clough-Penzien
Symposium (2002), the only visual I showed
was a slide of that letter.
At his retirement lunch with a few colleagues,
Ray told me that he distinctly remembered
my application for admission and his decision.
He said he offered me the position contrary to
university regulations, which required that a
foreign student spend at least one semester at
the university before a teaching assistantship
might be offered. It made sense: how would
they know if an international student had an
adequate command of English to serve as a
teaching assistant? Thank you, Ray, for taking
a chance on me.
Reitherman: It is ironic that Anil Chopra’s
English language skills would be suspect
because you were a new international student.
Anyone who has heard you in conversation, as
I am now, or when you lecture, knows how precisely and clearly you speak. You say the words
as they should be, and they are precise words.
What can you tell us about adjusting to
American university life?
10

Chopra: It was quite an adjustment: a
20-year-old student in a completely different
culture. At the time, there were perhaps only
a dozen students from India on campus. The
Indian community in the Bay Area was very
small—perhaps a couple of hundred—no
Indian grocery stores or restaurants. Today
it numbers a few hundred thousand with a
bustling culinary, arts, and social scene. A new
Indian graduate student entering Berkeley
today wouldn’t have to face such a challenging
cultural adjustment as I did back then.
I ended up staying at the International House
on the campus for my first semester, fall of
1961. It was a very good place to meet graduate
students and visiting scholars from all over the
world. However, I had great difficulty adjusting
to the American cuisine of the early 1960s.
That was the era of meatloaf, baked chicken,
and boiled vegetables. The only alternative
offered in the cafeteria line was an omelet. I
ended up eating more eggs in that one semester than in the rest of my life.
Reitherman:
assignment?

What was your T.A.

Chopra: I was assigned to serve as a teaching
assistant in a junior-level structural analysis
course taught by Howard Eberhart. He was a
teacher of the old school, a very strict person,
a little intimidating. He did not know what to
make of me [laughter]. He seemed unsure that
I could do the job. In retrospect, his reaction
was not surprising in 1961 because the department had no experience with students from
India. That structural analysis course included
a three-hour laboratory, meaning a problemsolving session, every week. The professor
and the teaching assistant would walk around
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helping the students to solve problems assigned
that day. In the beginning, Eberhart tested me
out by asking me to solve the problems quickly
at the start of the session. When I passed his
tests, he accepted me, and I could participate
with him to help the students.
Reitherman:
you took.

Tell us about graduate courses

Chopra: In Fall 1961, I took graduate courses
in structural analysis (Alex Scordelis) and
mechanics of materials (Egor Popov). Then, in
spring of 1962, I took the structural dynamics
course, among others. Ray Clough started the
course, but about halfway through the semester, he left for the rest of the semester on some
commission to the Mediterranean. I think it
was related to the 1961 earthquake in Agadir,
Morocco. Then Joe Penzien taught the second
half of the course. Learning structural dynamics from the two big names in the subject was a
privilege.
Loring Wyllie and Ed Keith were in the same
master’s class. Loring is a Senior Principal at
Degenkolb Associates in San Francisco, and Ed
Keith started EDS Nuclear, at one time a large
consulting office specializing in earthquake
engineering for nuclear power plants.
Reitherman: Can we say it was rare around
the country as of 1961 for a civil engineering
department to have its own structural dynamics course?
Chopra: In the Clough and Penzien generation, they learned dynamics from aeronautical
and mechanical engineering professors
and books. In the preface to their landmark
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textbook,5 Clough acknowledges courses
given by Professor R. L. Bisplinghoff in the
Department of Aeronautics and Astronautics
at MIT; Penzien acknowledges Professor
Stephen H. Crandall in the Department of
Mechanical Engineering at MIT. As you know,
both Clough and Penzien received their Sc.D.
degrees from MIT.
By the time I was in graduate school, structural
dynamics was being taught at a few places at
least. Clough started the structural dynamics
course at UC Berkeley in 1951. No textbook
was prescribed in 1962 when I took the course
because none existed at the time. Students
depended totally on what the professor wrote
on the chalkboard. I remember—after every
class—rewriting and expanding the notes that
I had hurriedly copied in class.
Reitherman: By the time you took the
structural dynamics course from Clough and
Penzien, did you have any idea that would be a
major theme in your career?
Chopra: Not really. What got me deeply
interested in the subject was a project to work
with Penzien during the summer of 1962 and
the following academic year. This was a project
that ended up becoming my master’s thesis.
The problem was posed to Joe Penzien by
John Blume’s consulting office. They were
designing some sort of addition on the top of
an existing tall building in San Francisco, and
wanted to compute the design forces for the
appendage. Joe handed me that problem as my
master’s thesis. I do not recall the nature of

5 Ray W. Clough and Joseph Penzien (1975),
Dynamics of Structures, New York: McGraw-Hill.
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this addition, but I do remember that we found
that the natural vibration frequency of this
light appendage was close to the fundamental
frequency of the building. We realized that
we’d better be careful. We computed what
seemed like unbelievably large forces in the
light appendage because it was tuned to the
building. These results were vindicated a
year later when the Alaska earthquake of 1964
destroyed penthouses of buildings that were
only lighted damaged otherwise. This research
experience got me interested in earthquake
engineering and launched my life-long interest
in this subject.

Reitherman: If you consider other possible
choices for a university where you would make
your career, it’s hard to imagine another place
outside California as of those days where a
practicing engineer of the stature of John
Blume gives your professor, located across the
San Francisco Bay from his office, a practical
problem that could exercise your knowledge of
structural dynamics. Although the earthquake
engineering academic field has become very
national in the United States, with university
graduate-level programs from coast to coast,
it does seem that being where the practicing
engineers have real problems is an asset.

In passing, I note that, in those days, I had to
start from scratch to write a computer program
in FORTRAN to implement such analysis;
today, students are asked to solve such a
problem for homework because they can do so
readily via MATLAB.

Chopra:
You are absolutely right.
Berkeley and Stanford have benefitted greatly
from such interaction with the structural
engineers in the San Francisco Bay Area.

Reitherman: Karl Steinbrugge took some
photos of a penthouse in Anchorage where
contents ended up being thrown all the way
across the room, indicative of more intense
motion than in the other stories of the building.
Chopra: This is now a well-known phenomenon in structural dynamics, but at that time it
was all new to us and everybody else.
Reitherman: I think there is a section
in one edition of the Blue Book written by
John Blume around that time that dealt with
setbacks and appendages. It ended up in an
appendix.
Chopra: The profession had recognized the
need for special consideration in computing
design forces in appendages.
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Reitherman: You finished your master’s
work with Penzien in 1963. Did you go straight
from your master’s program into the PhD
program?
Chopra: Yes. After my master’s project with
Penzien, I had gotten interested in earthquake
engineering, so I wanted to read about what
was already published. In the summer of 1963,
over a three-month period, I had studied
essentially everything that had been published
on earthquake engineering. By the end of that
summer, I understood the literature reasonably
well. That’s how I learned about the pioneers
of the field, such as George Housner, Nate
Newmark, Ray Clough, Joe Penzien, Andy
Veletsos, Don Hudson, and Emilio Rosenblueth, who authored the early publications. At
the end of the summer, I could start thinking
about outstanding problems to research. Just
imagine the contrast in the state of earthquake
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engineering then and today. Now you couldn’t
read the entire literature in three years, let
alone three months.

remember carrying boxes of punched cards to
the computer center as if my life depended on
them.

Reitherman: How did that doctoral program for you begin, with respect to the choice
of topic and advisor?

Harry Seed was happy with the fact that I
could compute time-varying seismic coefficients on a potential sliding mass of the earth
dam. Because of this part of my work, for several years, people outside of Berkeley thought
I was a geotechnical engineer no matter how
hard I tried to dispel that image.

PhD Research on Dams
Chopra: Berkeley had just received perhaps
its first major grant in earthquake engineering
research, funded by the State of California’s
Department of Water Resources. The goal of
the project was to develop methods for seismic
analysis of earth dams. Professors Clough,
Penzien, and Harry Seed were the principal
investigators. Clough offered me an opportunity to work on this project. Recall that the
finite element method had been developed
by Clough and engineers at Boeing in the
mid-1950s6 . So far it had been applied only to
problems in static analysis of structures. Here
was an opportunity to extend the method to
dynamic analysis of structures subjected to
earthquakes.
This became the basis for my PhD research. It
led to, perhaps, the earliest application of the
finite element method to earthquake analysis
of continua. We modeled a cross section of the
earth dam as an assemblage of constant-strain
triangular elements, and computed vibration
properties of the dam and earthquake-induced
stresses in the dam. All this was achieved by a
computer program written in FORTRAN. I
6 M. J. Turner, R. W. Clough, H. C. Martin, and L.
Topp (1956), “Stiffness and Deflection Analysis
of Complex Structures,” Journal of Aeronautical
Science, Vol. 23, No. 9, pp. 805–803.

Reitherman: Is this related to the method
that has come down to us as the Sliding Block
Method, where instant by instant one looks at
the accelerations acting on the mass of soil?
Chopra: Geotechnical engineers are
concerned about the seismic performance of
earth slopes and earth dams. In evaluating
slope stability, traditionally the lateral seismic
force—the destabilizing force—was defined
by a pseudo-static seismic coefficient, and
the sliding mass was assumed to be rigid. In
his Rankine Lecture7, Newmark presented a
method for estimating the sliding displacement
of a rigid block on a moving base undergoing
earthquake motions. Such analysis is directly
applicable if the block is at ground level. In
passing, we note that some people give credit
to Whitman8 for initiating the basic idea,
utilized in Newmark’s paper.
7 Nathan M. Newmark (1965), “Effects of Earthquakes on Dams and Embankments,” Fifth
Rankine Lecture, Géotechnique, Vol. 15, No. 2, pp.
139–159.
8 Connections: Robert V. Whitman, The EERI Oral
History Series, Robert Reitherman interviewer,
Earthquake Engineering Research Institute,
Oakland, CA, 2009.
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During my PhD research, I was able to develop
a method for computing the seismic force on
a potential sliding mass at higher elevations
in an earth dam, which is often where failure
occurs. This was straightforward once we had
developed a procedure for dynamic finiteelement analysis of earth dams. However, I did
not try to estimate the sliding displacement of
the potential sliding mass.
Geotechnical engineers have found this
methodology as well as Newmark’s ingenious
concepts to be very useful. Many researchers
have extended and refined them.
Reitherman: I’m curious about the faculty
doing work on this large project on dams,
namely Clough, Penzien, and Seed. Wasn’t
Jerome Raphael also one of the faculty with
experience with dams?
Chopra: Raphael joined the faculty in 1953
after 17 years of professional experience at the
U.S. Army Corps of Engineers and the Bureau
of Reclamation. He was very knowledgeable
about design and construction of concrete
dams, as well as their instrumentation and
concrete technology. However, he was not a
part of this research project concerned with
dynamic analysis procedures.
Reitherman: In your video interview with
Professor Filippou that we mentioned, you
talked about a paper written back in the 1930s
by Harold Westergaard that influenced your
research.
Chopra: Professor Clough was ready
to sign my thesis based on the work I had
done to extend the finite-element method to
earthquake analysis of embankment dams, but
I was not satisfied myself. I didn’t think that
14

I had accomplished all that much, and I felt I
hadn’t really used any of the tools I’d learned
from the four courses in the mathematics
department that I had completed. I wanted
to use these mathematical tools, and Clough
went along with me. So far we had analyzed
the dam alone—no water, no foundation. I was
wondering about what role impounded water
played in earthquake response of dams, and the
hydrodynamic pressures that were generated on
the dam. Without the benefit of today’s online
searches, I had stumbled upon Westergaard’s
paper9. It is perhaps the most cited paper in dam
earthquake engineering; it is also one of the
most discussed papers. The paper in the ASCE
Transactions is 16 pages long and discussions
by nine researchers occupy a total of 39
pages. Famous engineers had commented on
Westergaard’s paper, including Theodore von
Kármán, L. Prandtl, Boris A. Bakhmeteff, and
N. Mononobe.
Reitherman: At about the same time, Hardy
Cross’s moment distribution paper in the ASCE
Proceedings in 1930 was accompanied by many
pages of interesting discussion by a number of
engineers.
Chopra: In those days, there existed a
culture of discussing papers. Rarely do you now
see papers being discussed in the literature.
Everybody is busy writing, with less time to read.
Returning to my PhD dissertation, its
second part was motivated by Westergaard’s

9 H. M. Westergaard, (1933). “Water Pressure on
Dams during Earthquakes,” ASCE Trans., 98(2):
418–433; also “Water Pressures on Dams during
Earthquakes,” U.S. Bureau of Reclamation, U.S.
Department of the Interior, Washington, DC.
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paper. Westergaard analyzed hydrodynamic
pressures on a rigid dam at a time when no
earthquake records existed, so he assumed that
ground motion was harmonic and came up
with the concept that hydrodynamic effects on
the dam could be modeled by an added mass
of water moving with the dam. I was able to
derive a general equation for hydrodynamic
pressures caused by earthquakes on rigid dams
that enabled me to identify the limitations of
Westergaard’s classical work and demonstrate
the influence of compressibility of water.
By that time, strong motions had been
recorded during the 1934 and 1940 El Centro
earthquakes, the 1949 Olympia earthquake,
and in the Taft record from the 1952 Kern
County earthquake. I was able to compute the
time variation of hydrodynamic forces on rigid
dams due to earthquake excitation.
Reitherman: Now that there are thousands
of applicable records of earthquakes of varying
magnitude, distance, soil, and other characteristics, is the earthquake engineering field
going to achieve progress simply due to the
accumulation of ground motion records?
Chopra: Yes, we now have over 20,000
records of strong ground motion, but we still
don’t have records from a wide range of soil
conditions (Vs values) or from large-magnitude
earthquakes at short distances.

Emilio Rosenblueth
Chopra: A fortuitous development occurred
while I was a graduate student. Emilio
Rosenblueth, who was a professor at the
Universidad Nacional Autónoma de México
(UNAM), was invited to come to Berkeley
to teach a short course. Of course, I attended.
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More importantly, that was the beginning of
a professional friendship that lasted until his
passing in 1994.
Rosenblueth’s lectures were based on a book in
progress. Newmark and Rosenblueth collaborated on writing the first book on earthquake
engineering in the post-World War II era. It
was a reference book10 rather than a textbook.
Although today we would say that it’s not
very user-friendly for new students, it was an
excellent resource for researchers starting their
careers. It covered a very wide range of topics.
There is no other book since then that has the
breadth of coverage, unless it’s a handbook
involving many people writing individual
chapters.
Rosenblueth smoked a pipe even while lecturing in class and did not project his voice far. So,
his were not the best delivered lectures, but I
learned a lot. Although the course was focused
on earthquake engineering, he expanded my
knowledge on several aspects of structural
dynamics, e.g., response history analysis of
structures to spatially varying ground motion.
I utilized his formulation in earthquake
analysis of earth dams.11
Rosenblueth got very interested in my
research. He wanted to meet me regularly
to keep in touch with my work and sort of

10 Nathan M. Newmark and Emilio Rosenblueth
(1971), Fundamentals of Earthquake Engineering,
Prentice-Hall, Englewood Cliffs, NJ.
11 A. K. Chopra, M. Dibaj, R. W. Clough, J. Penzien,
and H. B. Seed (1969), “Earthquake Analysis of
Earth Dams,” Proceedings of the Fourth World Conference on Earthquake Engineering, Santiago, Chile.
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exchange ideas. Even though he was 15 years
older than me, our relationship lasted until his
passing. In my opinion, he was one of the most
brilliant researchers in earthquake engineering; however, he was underappreciated by the
community, partly because—maybe largely
because—his research was rather esoteric and
sophisticated. Many people would attribute the
beginning of probabilistic methods in earthquake engineering to him. This subject was a
bit hard for people to grasp at that time.
Then, his style of writing was such that it
wasn’t easy to understand fully. This wasn’t
due to limitations in language. In fact, he was
a master at English—you might occasionally
find yourself opening up the dictionary to
understand a word or two—but his style of
presentation was too terse, apparently because
he thought that he did not need to dwell on
concepts/methodologies that were obvious to
him. It seems that he could never bring himself
down to the level of the reader.
The same was true for his lectures. I think
a very small fraction of people understood
his lectures. Many people admired him, but
the profession as a whole perhaps never fully
appreciated his work.
Reitherman: This is a quote from Professor
Bertero’s EERI oral history: “Rosenblueth
was so far above the ordinary practicing
engineer that I think sometimes he could not
understand what they needed from him in the
university.”12
12 Connections: Vitelmo V. Bertero, The EERI Oral
History Series, Robert Reitherman interviewer,
Earthquake Engineering Research Institute,
Oakland, CA, 2009.
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Chopra:

I agree with Bertero’s statement.

Reitherman: Bertero says that the sorts of
interactions between professors and practitioners, via organizations like SEAOC, EERI, and
ATC, were not within Rosenblueth’s experience, except for his involvement in the ATC-3
project that we are going to talk about. After
the 1985 Mexico City earthquake, he somewhat
accepted the fact that there was value to the
interchange, but that he was not the person to
do that.
I’ve always been curious about the involvement of Rosenblueth in the design of the Torre
Latinoamericana in Mexico City—by far the
tallest building in a highly seismic location as
of 1956, 44 stories. He was then in Mexico City,
having finished his PhD with Newmark, and
as a Mexican he would seem to have been a
logical choice for someone to help Newmark,
but I haven’t found anything about that in the
literature.
Chopra: Your question provides the natural
lead-in to a conversation about Rosenblueth’s
PhD thesis. He got his first degree in Mexico,
then he went to the University of Illinois
at Urbana-Champaign, where he earned a
master’s degree in 1949 and his PhD in 1951
under the supervision of Newmark.
The story goes—I wish I had asked Newmark
about the real story—that the topic for Rosenblueth’s PhD work was motivated by the design
of the Torre Latinoamericana by the structural
engineer, Adolfo Zeevart. Newmark had been
retained as the consultant for seismic analysis
and design of that building. This is around
1949. At that time, only three records of strong
motion were available. Response spectra for
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these records had been computed by George
Housner.
Computing the earthquake response of a
44-story building was then impractical.
In principle, the theory of linear dynamic
analysis existed, but the stumbling block
were the limitations of computing capability.
Recall that, at the time, it was challenging to
compute even the response histories of singledegree-of-freedom (SDF) systems, which are
required in obtaining the response spectrum
for a ground motion. So, if it is impractical to
compute the earthquake response of a 44-story
building as a function of time, what is the
alternative? Newmark asked the young Emilio
Rosenblueth to tackle this problem for his PhD
thesis.
What Rosenblueth came up with is known
today as the response spectrum analysis procedure. The peak response due to each mode of
vibration is computed directly from the design
spectrum, and then these peak responses are
combined. Because the peak modal responses
do not occur simultaneously, they cannot be
simply added up. Emilio developed the first
modal combination rule, which we call today
the square-root-of-the-sum-of-the-squares
(SRSS) rule. This rule is now ubiquitous in
earthquake engineering; students learn it in
graduate courses and engineers use it all the
time.
How Emilio came up with the SRSS rule
remains elusive. Derivation of this rule, taught
in advanced graduate courses today, is based
on random vibration theory that did not exist
when Emilio completed his PhD research.
This theory has its origins in electrical engineering, and it was not until the late 1950s that

Chapter 3

Stephen H. Crandall, Professor of Mechanical
Engineering at MIT, applied it to vibration
problems. Recall that Penzien took Crandall’s
course at MIT in 1959 during a sabbatical
leave from Berkeley. Without all of these tools
related to probabilistic structural dynamics,
Emilio developed a central concept in earthquake dynamics of structures. My curiosity
motivated me to read Emilio’s PhD thesis, but
that helped me only partially in understanding
his thought process.
In the CE225 course at UC Berkeley, I’d
tell students the preceding story of how the
SRSS rule came about. It is a way of inspiring
them that PhD research can be profoundly
significant. In a letter to me, dated August 1993,
Rosenblueth noted13:
“If I’m not mistaken, when the Holy Ghost
descended on me one cold night in early
1950 in Urbana and told me about SRSS
combination of modal responses, he hadn’t
told anybody else. This allowed me to
devote the sultry summer to computing the
combined responses, which I had computed
in pre-ILLIAC14 days for the Latinoamericana
Tower, on which Nate Newmark was
consultant. So, SRSS was applied in design for

13 Anil K. Chopra (2020), “Modal Combination
Rules in Response Spectrum Analysis; Early
History,” Earthquake Engineering and Structural
Dynamics, 50 (2): 260-266.
14 ILLIAC1, a pioneering computer built in 1951 by
the University of Illinois at Urbana-Champaign,
was the first computer built and owned entirely
by a U.S. educational institution.
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the first time. SRSS was proposed in my PhD
thesis presented in 1951.”15
I had the privilege of giving the Emilio
Rosenblueth Lecture in 2003 at the Universidad Nacional Autónoma de México (UNAM).
Over two days, I had several opportunities to
interact with many professors, some of whom
were once Emilio’s students. Their eyes would
tear up as they talked about Emilio, although
he’d died almost a decade earlier. He was
revered at UNAM. Almost a decade after
his death, his office had still been preserved
as he left it. There were his pictures on the
15 Emilio Rosenblueth (1951). A Basis for Aseismic
Design of Structures, PhD Thesis, Department
of Civil Engineering, University of Illinois at
Urbana-Champagne, Urbana, IL.
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walls with every president of Mexico who had
honored him in one way or the other. There
was a pipe stand on a low bookshelf, with all his
smoking pipes. So, it was like a little museum,
preserved the way it was when he was around.
I was very fortunate that I had several opportunities to interact with Emilio, although he
was a generation older than me. I recall several
evenings when he and his wife, Alicia, visited
our home. I’ll tell you about another aspect
of our relationship when we talk about the
ATC-3 project on which we worked together.

Chapter 4

Search for a
Faculty Position
For 50 years I got paid to teach and research,
which I enjoy; I would not trade this job
with any other.

Reitherman:
academia?

When did you start thinking about a career in

Chopra: During my graduate student days, it was clear to me
that an academic career was ideal for my interests and values. I am
delighted that I chose that path. For 50 years I got paid to teach and
research, which I enjoy; I would not trade this job with any other.
Reitherman:

Tell us about your first faculty position.

At the University of Minnesota
Chopra: In the 1960s, faculty positions were not advertised. I do
not recall how I came to know that a faculty position was available at the University of Minnesota in Minneapolis. They were
expanding the Department of Civil Engineering; Professor L. E.
Goodman had been appointed (brought in from the University
of Illinois) as Head of the Civil Engineering Department to
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strengthen their research program. I went
there in the spring of 1966. After a semester of
teaching, I realized that it was naïve of me to
have gone where earthquake engineering was
of no interest.
In those days, universities in the Midwest
were not interested in earthquake engineering,
with the exception of the University of Illinois
and, to a limited degree, the University of
Michigan. But I was enjoying teaching, and the
long, brutal winters encouraged me—a native
of India who had no experience in winter
sports—to stay indoors and pursue research. It
turned out to be a productive period.
Reitherman: But you did not stay for long at
the University of Minnesota.
Chopra: I realized that it was not the place
I should spend my academic career. In the
spring of 1967, Joe Penzien came to Minneapolis to meet people at MTS Systems
Corporation to discuss actuators and hydraulic
components for the shaking table being
designed at Berkeley by him and Dixon Rea.
We had dinner together and he asked me how
I was doing. I told him that everyone seemed
happy with me, but there was little interest in
my research. Joe said I could not be considered
for a faculty position at Berkeley because none
was open. Just about that time Berkeley got
its first million-dollar research grant from
the National Science Foundation (NSF). The
only thing he could offer me was a position as
Research Engineer on that grant Berkeley had
received. Most people thought I was foolish
to resign from a tenure-track appointment at
Minnesota and accept a soft-money position
at Berkeley, but I wanted a new start. I came
to Berkeley in the summer of 1967. Initially, I
20

worked full-time on research on a broad range
of topics in earthquake engineering. In those
days, there were hardly any strings attached
to grants awarded by NSF. Berkeley, Caltech,
and Illinois used to be funded regularly for
earthquake engineering research.
Reitherman: How did the temporary
research position lead to a tenure-track faculty
position?

Recruited by Both the University
of Illinois and UC Berkeley
Chopra: To answer this question, I have to
start with the Fourth World Conference on
Earthquake Engineering (4WCEE) in Santiago, Chile, in 1969. The conference had a few
hundred, not a few thousand attendees, and
all of the papers were presented orally. There
was no such thing as a poster session. Of course
today, not even 10% of the papers can be orally
presented at a world conference. It’s so big now.
Reitherman: The 40 papers in the first World
Conference held at UC Berkeley in 1956 were
contained in a single volume. Three volumes
contained the papers from the 4WCEE, still
a small enough amount of literature that Bob
Whitman could read every geotechnically
related paper and summarize the state of the
art in that field for the University Consortium
in Earthquake Engineering (UCEER)16 . If
you plot the number of papers at the world
conferences, the graph looks exponential.
Forty years after the Fourth World Conference
16 Robert W. Whitman (1969), “Soil Mechanics and
Soil-Structure Interaction,” Report on NSF-UCEER
Conference on Earthquake Engineering Research,
California Institute of Technology, Pasadena, CA.
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in 1969, over 3,000 papers were presented at the
Sixteenth, and the total has kept growing.
Chopra: I presented three papers at the
4WCEE in 1969. It seems that people noticed.
One evening at a restaurant where I was
dining with some colleagues, Bill Hall of the
University of Illinois walked over and asked
to speak to me. He said that a footnote on my
papers identified my position at UC Berkeley
as Acting Assistant Professor and Assistant
Research Engineer—the former because I had
been teaching a course or two by that time.
What does that mean? I said that it simply
meant Berkeley did not have a tenure-track
faculty position for me. He asked me if I would
be interested in coming to the University of
Illinois. I said that I was open to all options.
A couple of weeks later I received a telephone
call from Professor Nathan M. Newmark’s
secretary to arrange for my visit. He was the
Head of the Civil Engineering Department
at that time. I visited Illinois, and my host for
the day was Steve Fenves.17 I wasn’t required
to give a seminar; I just met faculty members
one-on-one. In the meeting with Mete Sozen,
in his now-familiar style, he asked me why
would I leave the attractive San Francisco Bay
Area and come to live in the uninteresting
flatlands of Urban-Champaign with its cold

17 Steven J. Fenves was one of the earliest researchers in computer methods in civil engineering and
published the book Numerical and Computer Methods
in Structural Mechanics, Academic Press, Elsevier,
1973. His son, Gregory Fenves, did his PhD (1984)
with Chopra, was a member of the Berkeley
faculty for 20 years, later became President of
the University of Texas in Austin, and is now
President of Emory University in Atlanta.
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winters. At the end of the day I met Professor
Newmark again, and on the spot he offered me
a tenure-track faculty position. Imagine that
process of hiring faculty as compared to the
way we do it now.
The faculty at Berkeley, who started here in
the 1950s and 60s, were hired in this seemingly casual manner. But it was a system that
produced excellent results, as indicated by the
accomplishments of the Berkeley faculty from
that era.
Reitherman: Egor Popov visited MIT and
induced Vitelmo Bertero to go to Berkeley.
One visit, one hire. Bertero recalled that Popov
tantalized him with what the weather was
like back in Berkeley in the dead of winter as
compared to Cambridge, Massachusetts.
Chopra: Senior professors at Berkeley and
Illinois used to ask colleagues at other institutions who were their best students, and that’s
how people were hired. Today’s search process
is very different; over a hundred applications
come in, the search committee winnows it to a
short list, reference letters are requested and a
final short list for interviews is compiled, and
eventually the entire department collectively
decides whom to choose although most of the
faculty are not close to the specialty of the
candidate. I am not convinced that this system
always leads to the best choice in the long run.
So this is March of 1969 and I had been
almost two years in my temporary position at
Berkeley. I now had an offer from Newmark.
Today of course, if someone gets an offer from
another university, they advertise and exploit
it to obtain a better deal. But being a naïve kid
from India, I kept quiet. Somehow the Berkeley
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faculty got to know that Newmark was
interested in me, and, considering Newmark’s
stature, that meant a lot. The Berkeley faculty
started to create a faculty position for me,
where none existed.
Newmark sensed some hesitation because I
had not yet accepted his offer. In those days, he
used to come to San Francisco every six weeks
as a consultant to Bechtel on nuclear power
plant analysis and design. On one of these visits
he wanted to see me and came over to Berkeley. He asked me what was stopping me from
accepting his offer. I had no real reason except
to see if there was any other option. He said, I
can’t offer you an Associate Professor position,
because at Illinois this title implies tenure,
and I was only three years out of a PhD. But he
said, “I’ll change my offer to an Acting Associate Professor, and we will consider you for
tenure within two years after you get there.”
Reitherman:
[laughter]

You can’t do that today either.

Chopra: The SEMM faculty at Berkeley
was successful in creating a faculty position,
and by the end of the semester, I had offers
from the top two civil engineering departments in the country.
In the end, I accepted the offer from Berkeley.
At that point, my biggest dilemma in life was
how to say “no” to Newmark. That’s a name
that was revered and I, a young unknown
person, was going to say no, I am not going to
accept your offer. In the culture I come from,
it is difficult to do such things. Finally I took
the courage to write a letter explaining to him
that I wanted to be nearer to the earthquake
engineering profession in California, where I
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could interact with engineers. And so I started
on the Berkeley faculty in the fall of 1969.
Reitherman: How did you address Professor
Newmark when you spoke with him? I imagine
you didn’t say “Hi, Nate.”[laughter]
Chopra: You’re right. I was able to call
him “Nate” only after interacting with him
for several years; it was also the case with
Professors Clough and Penzien. Somehow, it
was a little easier with them, once I joined the
faculty, I was able to drop “professor” when
talking to them.
Reitherman: I was in my fifties before I
ever said, “Hello, Anil.” I would see you on
the Berkeley campus or at conferences and
would blurt out, “Hello, Professor Chopra,”
and you would say, “Call me Anil.” The next
time I would see you, I would blurt it out again,
instinctively politely calling you Professor
Chopra, but going against your directive, and I
would immediately say to myself, “He told you
not to call him that.” I was conflicted, as they
say.[laughter]
If you had gone to Illinois, you wouldn’t have
had a whole cadre of earthquake engineering
professors to work with a few years later. After
Newmark and Hall retired, Sozen was one of
the few interested in that field. For example,
the anthology of chapters on earthquake
engineering by Bob Wiegel18 , one of the first
reference textbooks in earthquake engineering, was mostly written by Berkeley faculty.
Chopra: That book was the result of a short
(one-week) course on earthquake engineering
18 Robert L. Wiegel, ed. (1970), Earthquake Engineering, Prentice Hall, Englewood, Cliffs, NJ.
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given at Berkeley in 1965. Bob Wiegel
organized the course and served as the
editor of the book. The Berkeley faculty who
participated in the short course and book,
in addition to Wiegel, were Ray Clough, Joe
Penzien, Bruce Bolt, Jack Bouwkamp, T.Y. Lin,
Karl Steinbrugge, Dixon Rea, and Harry Seed.
And there were Don Hudson and George
Housner from Caltech; Nathan Newmark from
the University of Illinois; Henry Degenkolb,
John Blume, and John Rinne from the
profession; and M. G. Bonilla from USGS.
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Reitherman: Obviously, Newmark graciously accepted the fact you declined his offer,
because he sought you out to collaborate on
other work later on.
Chopra: Later in these interviews, I will
have a lot to tell about my interactions with
Newmark, especially when we talk about the
ATC-3 project.

23

Chapter 5

On the Faculty
at UC Berkeley
There was a time when half of the faculty on the
seventh floor of Davis Hall were members of the
National Academy of Engineering. Researchers and
academics from all over the world wanted to visit. . . .
It seemed as if people wanted to breathe this air or
touch this place, which was humming with activity.
It was an amazing era.

Reitherman: When you started on the faculty at Berkeley, what
courses did you teach?
Chopra: I was asked to teach one of the plum courses—Structural Dynamics—which Clough (and occasionally Penzien) used
to teach. This was a thoughtful gesture on their part considering
we already had two professors who could teach that course. It provided me with an opportunity to interact with graduate students
and find research assistants.
Both of them helped me in many ways. They lent their names to a
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proposal submitted to the U.S. Army Corps of
Engineers for earthquake analysis of concrete
dams. After the project was funded, they gave
me a free hand; it was really my project.
At Berkeley, assistant professors were expected
to work independently and not collaborate
with a senior professor. The idea is that the
young faculty member should not be in the
shadow of a famous name or senior professor—
you should strike out on your own independent
path. That is a “requirement” for tenure. So,
Clough and Penzien initially helped me get
funding, but they did not collaborate with me.
They wanted me to grow independently.
The continued funding from the Corps of
Engineers was enough to support two PhD
students over a period of about ten to fifteen
years. Later on I had funding in the same
topical area from NSF for about another ten
to fifteen years. From 1970 to 1995, over that
25-year period, I had funding to support two
students continuously. That is in contrast to
today’s situation, where you get funding for
one year, a meager amount of money, and you
can’t plan for the next year.
Reitherman: We should mention that a PhD
student is looking for support over a period
of maybe three years, and it is difficult for the
university to provide that kind of funding
when the research grants are not long-term.
Chopra: Exactly. PhD students may earn
salary by doing other jobs, e.g., serving as
teaching assistants, and there’s nothing wrong
with that, but it takes time away from the
research.
Let me narrate a couple of incidents during the
1970s related to my research project funded by
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the Corps of Engineers. Newmark served on
their Advisory Board. Every year I was asked
to report on my research to the board. I was a
little nervous about seeing Newmark for the
first time after declining his offer in 1969. But
he acted as if nothing had happened and asked
what I was doing to dinner that night? It was
all very friendly. A few years later, after my
presentation, he took me aside and said that
I should write up that material and publish
it very soon, adding that it should win me an
award. He was right. That paper was awarded
the Norman Medal19 from ASCE, the first of
four I received eventually.
This is not to say I did something great, but
rather to point out the perceptiveness of Newmark. He somehow had a great eye for what
was important. My paper was on a simplified
method for earthquake analysis for concrete
dams, including dam-water interaction, and he
placed a lot of premium on such approaches.
His famous embankment dam paper we’ve
discussed is an example of such an approach.
Reitherman: Let me read from one of
Newmark’s papers that is relevant to this. It’s a
geotechnical paper from 1964: “These various
relations are summarized in the following
highly empirical equations which are used
quite often for design purposes. They have the
virtue only that they give consistent results
that may be completely wrong, but, if so, they

19 The Norman Medal is the highest honor granted
by ASCE for a technical paper that “makes a
definitive contribution to engineering science.”
It is commonly known as the award for the best
paper of the year among all journals published by
ASCE.
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are wrong in a consistent manner.”20 A bit too
humble, but it indicates the value he placed
on simplicity. It’s too bad Newmark didn’t live
long enough to be included in the EERI Oral
History series, although there is an informative appendix on Newmark in the Bill Hall
volume.21
People in the earthquake engineering field
think of Nathan Newmark as an earthquake
engineer, but people in other fields may regard
him as one of their own also, because he was
involved in the application of computers to
many different engineering problems, and he
studied blast and nuclear effects, pre-stressed
concrete, fatigue, welding, and other topics.
Chopra: I may be one of the few people who
has read every EERI oral history, because I am
interested in how the field evolved, just as you
are a student of history and wrote your book
on the subject22 . It was very unfortunate that
Newmark died so young. He still had a lot to
contribute. He and George Housner were born
the same year, 1910, and George lived on long

20 Nathan M. Newmark (1964), “The Basis of Current Criteria for the Design of Underground Protective Construction,” Proceedings of the Symposium
on Soil-Structure Interaction, University of Arizona,
pp. 1–24.
21 Connections: William J. Hall, The EERI Oral
History Series, Robert D. Hanson and Robert
Reitherman interviewers, Earthquake Engineering Research Institute, Oakland, CA, 2015.
22 Robert Reitherman (2012), Earthquakes and Engineers: An International History, ASCE Press, Reston,
VA. A free pdf of it may be obtained from the
author: robertkreitherman@gmail.com.
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past Newmark. Housner died just shy of his
98th birthday; Newmark died at age 71.

Earthquake Engineering
Faculty at UC Berkeley
Reitherman: Here is a list of years when
some of the key earthquake engineering
faculty at Berkeley were hired: 1946 Egor
Popov; 1946 Robert Wiegel; 1949 Ray Clough;
1950 Harry Seed; 1953 Joseph Penzien; 1957
Jack Bouwkamp; 1960 Vitelmo Bertero; 1963
Bruce Bolt; 1964 William Godden; 1965 James
Kelly; 1965 Edward Wilson; 1966 Graham
Powell; 1969 Anil Chopra. When people refer
to the golden age of earthquake engineering at
Berkeley, they are thinking of these people. It’s
not that there weren’t good professors in the
field after that, but this constitutes the founding generation.
Chopra: I think that is a fair statement.
There was a time when all of the faculty
members in the Structural Engineering and
Structural Mechanics (SESM) group were on
the seventh floor of Davis Hall, with the Structural Materials group on the fifth floor. We had
a faculty of 25—the largest we’ve ever been.
There was a time when half of the faculty on
the seventh floor of Davis Hall were members
of the National Academy of Engineering.
Researchers and academics from all over the
world wanted to visit the SESM group and
the Earthquake Engineering Research Center (EERC). Some would come for extended
periods to collaborate with a professor, others
for short periods. It seemed as if people
wanted to breathe this air or touch this place,
which was humming with activity. It was an
amazing era.
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Reitherman: We’re up to 1969. Let me ask a
question about what was going on in the world
at that time. How did the Vietnam War affect
the Berkeley campus?
Chopra: The Berkeley campus was one of
the early centers of protest against the Vietnam
War, but the Northside, the engineering quadrant of campus, was not too involved. And then
came the Free Speech Movement. All of those
movements were symptomatic of the entire
country, the focus just happened to be here. As
is often the case, young people on university
campuses are the initiators of protests and
movements, which often evolve into national
movements.
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Reitherman: On the south side, many
students in social science and humanities had
their first class at 10:00 am; on the Northside,
an 8:00 am class was common. Different
cultures. We all have political opinions, but
perhaps it’s a blessing that engineering is
essentially objective, not subjective, and it is
somewhat immune from political turmoil.
Chopra: I don’t recall the war having a
significant effect on engineering education.

Chapter 6

The ATC-3
Project
All the big names in academia and engineering
practice were involved in some capacity or other.
And here I’m going to have an opportunity to work
with them, although I am an unknown academic.

Chopra: It was sometime in 1974 when I, a 33-year-old unknown
Associate Professor, received a telephone call from Professor
Newmark. He said that the Applied Technology Council (ATC),
the National Science Foundation (NSF), and the National Bureau
of Standards were starting a national project on developing
resource materials for the next generation of seismic provisions in
building codes. He also described the broad scope of the project.23
He said, “We are going to have several committees including
structural analysis, structural design, soil-structure interaction,
nonstructural elements, and so forth. I would like you to chair the
Committee on Structural Analysis.”
Obviously, I was delighted at the opportunity to work with him
23 The final version of the project, ATC-3–06, was published in 1978 as
Tentative Provisions for the Development of Seismic Regulations for Buildings,
Applied Technology Council, Redwood City, CA.
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and not only him, but the entire Who’s Who
in earthquake engineering of that era (see
Table 1). All the big names in academia and
engineering practice were involved in some
capacity or other. And here I’m going to have
an opportunity to work with them, although I
am an unknown academic.
Reitherman: I remember when ATC-3
was in the form of various photocopied drafts
circulating around and, from where I was
working in San Francisco for an architecture
firm, I could walk down to the Structural
Engineers Association of Northern California
office to pay for a photocopy of a chapter.
When I got back to the office, I would read it
right away, because everyone knew it was the
latest, hottest thing.
Chopra: After that phone call from
Newmark, I remember wondering why did
he choose me instead of several more senior
people, ones with big names? I would never
know the answer.
It was a great experience. I saw firsthand
the differences on points of view between
academia and the profession for the first time.
Henry Degenkolb was the chair of the design
committee. If anybody knew Henry, you
knew how authoritarian he could be, making
it difficult to come to a meeting of the minds.
After those bruising battles, I jokingly used to
tell Newmark, “Now I know why you chose
me. You needed a punching bag for Henry
Degenkolb.” He used to laugh.
Back to the Structural Analysis Committee:
when Newmark asked me to chair it, I said to
him, “Do I have any flexibility, any latitude
in choosing members on my committee?” He
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said, “Yes, to some degree, you can propose
names, and they will be reviewed by the
higher management.” In other words, him.
It dawned on me that I better have some
knowledgeable members with me who can
make sure I don’t drown, that I can deal with
this challenge. So, I said to Newmark, “How
about Emilio Rosenblueth?” And he was of
course delighted. Recall that Rosenblueth
was Newmark’s doctoral student; they also
wrote a book together. Newmark wasn’t
thinking of him, not because he didn’t have
a high esteem for Emilio, but because he was
outside the United States and they were not
thinking of broadening the team beyond the
U.S. So, he said, “Fine, that’s a good idea.”
Emilio and I met regularly, and I believe
that it is fair to say that we developed the
analysis procedures that came out of that
committee.
The ATC-3 project led to the publication of
the work in 1978; however, it wasn’t adopted in
U.S. codes for almost 20 years. It seems that it
was way ahead of its time.
Reitherman: It substantially formed
the content for the 1985 first edition of the
NEHRP seismic design provisions that
could be adopted into building codes.24 Then
those provisions formed the basis for the
earthquake regulations in the 1997 Uniform
Building Code—at that point, a year short of
24 Federal Emergency Management Agency, National Earthquake Hazards Reduction Program (NEHRP)
Recommended Seismic Provisions for New Buildings and
Other Structures, Building Seismic Safety Council,
Washington, DC. First edition 1985; later editions
were published in 1988, 1991, 1994, 1997, 2000,
2003, 2009, 2015, and 2020.
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TABLE 1: ATC-3 PARTICIPANTS

Agbabian, Miran S.

Fisher, John

Newmark, Nathan M.

Altermissen, S. T.

Foss, John W.

Oliphant, Kenward S.

Arango, Ignacio

Gates, William E.

Olsen, Bruce

Atkinison, Thomas G.

Goldberg, Alfred

Pinkham, Clarkson

Ayres, J. Marx

Greve, Norman R.

Powell, Robert M.

Barnes, Stephenson B.

Graham, Leslie W.

Preece, F. Robert

Benjamin, Jack R.

Guttman, Karl

Rea, Dixon

Berg, Glen

Hall, William J.

Bertero, Vitelmo V.

Hanson, Robert D.

Reed, John W.

Bielak, Jacobo

Hegle Richard L.

Blazier, Warren E., Jr.

Housner, George W.

Blume, John A.

Howe, Warner

Bolt, Bruce

Idriss, I. M.

Botsai, Elmer E.

Jennings, Paul C.

Bresler, Boris

Johnston, Roy G.

Brugger, Walter

Johnston, Stephen E.

Bush, Vincent

Jones, Gerald H.

Chopra, Anil K.

Kallaby, Joseph

Clough, Ray W.

Kariotis, John C.

Culver, Charles

Kellam, H.S.

Sharpe, Roland L.

Dalal Jagat S.

Kiker, Earnest

Sozen, Mete A.

Degenkolb, Henry J.

Lagorio, Henry J.

Stone, Richard O.

Dickey, Walter L.

Lee, Kenneth L.

Stratta, James L.

Dixon, Shaefer J.

Mark, Melvyn H.

Trifunac, Mihailo D.

Donovan, Neville C.

Mayes, Ronald L.

Van Dusen, Austin K.

Dowling, James

McNeill, Robert L.

Veletsos, Anestis S.

Elsesser, Eric

Messinger, David L.

Virdee, Ajit S.

Remmer, Norton
Richart, F.E., Jr.
Roesset, Jose
Rosane, Richard C.
Rosenblueth, Emilio
Sanidas, Christ
Saunders, Walter D.
Scalzi, John
Schultz, Samuel
Shapiro, Daniel
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two decades, the forward thinking of ATC-3
was for the first time made part of an adopted
building code.

Rosenblueth and
the Mexican Code
Chopra: It is interesting to compare this
history in the U.S. with the case of Mexico,
where the code is written in a very different
way. The academics have more influence than
the practitioners. Because he was the recognized leader, Rosenblueth alone used to write
the seismic provisions in Mexico. Because of
his involvement in ATC-3, almost immediately
he incorporated many of those ideas in the 1976
Mexico Federal District code. This was, at the
time, perhaps the most advanced building code
in the world.
The ATC-3 project lasted some four years.
During this period, Newmark used to come to
San Francisco every six weeks for a meeting at
Bechtel to review their work on nuclear power
plants. And that used to be an opportunity to
meet with him about what our committee was
doing, to get his feedback.
Occasionally, we would meet for dinner. He
enjoyed good food and knew the best restaurants in San Francisco, I think, better than the
natives. So, once I asked him about his meetings that day at Bechtel. Because I was working
those days on soil-structure interaction and
that was a big topic for nuclear power plant
analysis, I was interested in what they were
doing.
He said, “You know, they invite me just to
listen and sprinkle holy water on what they
have done.” Those were the days when experts
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like him were adored and just to have his
blessing on the work meant a lot to Bechtel.
The ATC-3 project turned out to be very
good for my growth as a professional, and
for interaction with the structural design
community in California. Over that four-year
period, Newmark and I met many times, and
our relationship developed and expanded.
He helped me in so many ways. I had no connection to Illinois, and yet I had the benefit of
closely interacting with this legendary professor and consultant. That was a great help in my
professional career.
Reitherman: We’ve talked about where
ATC-3 went, that is, where it went on to be
influential in building codes. Say a little about
where ATC-3 came from. It’s only a slight
overstatement that the then-existing code most
used for seismic design, the 1973 UBC, in many
ways treated earthquake response statically,
but your structural analysis committee explicitly took the leap into dynamics. How did you
figure out how to go from linear to nonlinear
design provisions? When it was just a blank
piece of paper, what were people thinking?
Chopra: I don’t know if there was any grand
master plan that Newmark had in mind. At
least I don’t recall hearing about it. But when
we were given this assignment of developing
analysis procedures, the fundamental research
on effects of inelastic behavior on earthquake
response of structures, at least for singledegree-of-freedom (SDF) systems, had been
around for over a decade. The prime example
is the paper by Veletsos and Newmark at the
Second World Conference on Earthquake
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Engineering25 and some subsequent papers in
the 1960s by Veletsos and his students.
The ideas were all there: ductility factor,
reduction of design forces, inelastic response
spectrum, and deformation demands for
inelastic systems. So, it was a matter of
deciding on allowable ductility, reducing the
required strength accordingly, and estimating
the deformation demand. All these ideas were
pretty clear, even to a young person like me,
through the published literature. I don’t recall
any debates about very different approaches to
analysis procedures, meaning it seemed almost
obvious to us as to how to put them together.
Extension of the existing concepts for SDF
systems to multi-story buildings was new, but I
don’t recall Newmark giving us direction. We
were given the freedom. I’d draft something,
Rosenblueth would review, other members of
the committee26 would like it, and so we went
on from there. Our work resulted in Chapters 4
and 5 in the ATC-3 report.
We also had access to Veletsos, who chaired
the committee on soil-structure interaction.
Chapter 6 on soil-structure interaction in the
ATC-3 volume is based largely on the research
of Veletsos and his students.
Reitherman: Do you have any insights on
the wording of the title? Tentative Provisions for

25 Anestis Veletsos and Nathan M. Newmark (1960),
“Effect of Inelastic Behavior on the Response of
Simple Systems to Earthquake Motions,” Proceedings of the Second World Conference on Earthquake
Engineering, vol. II.
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the Development of Seismic Regulations for Buildings
seems to provide redundant assurance that it
isn’t a code.
Chopra: We were told that we were not
writing a code, but were developing the
resource material that could be used to write a
code. That is what the title conveyed.

Roland Sharpe
Chopra: Roland Sharpe was the director of
the entire project, and then there were layers
of management and review committees, so that
the project reviewed its own preliminary work.
Reitherman: Stanley Scott had interviews
with Rol some years ago, and that oral history
was published by EERI in 2020. Rol talked
about the origins of ATC, growing out of
conversations he had with Chuck Thiel at
NSF about getting a large group together
to develop national seismic provisions. In
1970–1971—interesting that this started prior
to the San Fernando earthquake—a SEAOC
committee explored the idea, and because the
1971 earthquake generated an obvious need for
so much applied research to improve codes and
guidelines, ATC was incorporated in 1973.
Sharpe says that the participants in ATC-3 got
paid, unusual for such work at the time, but it
ended up being about 50 cents an hour because
of the enormous effort required. He agrees
with you about the members being the Who’s
Who of the field, and he added that with only
one or two exceptions out of 85 people, “all of
the prima-donnas cooperated.”

26 Glen V. Berg, William E. Gates, Paul C. Jennings,
and Roy G. Johnston.
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Henry Degenkolb
Chopra: The most colorful character was
Henry Degenkolb. He was a great engineer,
and had strong opinions on how much analysis
is acceptable. We had many debates and, for
me, it was a great experience in understanding the professional engineer’s point of view.
Despite differences in our opinions, he used to
tell me that I had a great knack at explaining
complicated things in a simple way. A few
years after the ATC-3 project, he mentioned
that he liked the monograph I wrote for EERI.

John Blume
Reitherman: Maybe you can say something about rubbing shoulders with John
Blume in the ATC-3 project. But first, let’s
mention something related to both Degenkolb and Blume, and to the ATC-3 analysis
provisions.
When the well-known Blume-NewmarkCorning book came out,27 its practical effect
was to influence the seismic provisions in the
code to allow a seismic system with reinforced
concrete frames in buildings over 160 feet in
height. Until then, steel framing was required
if the building was taller. The book was
published by the Portland Cement Association.
The other huge construction materials industry, steel, pushed back via a publication funded
by the American Iron and Steel Institute

27 John A. Blume, Nathan M. Newmark, and Leo
H. Corning (1961), Design of Multistory Reinforced
Concrete Buildings for Earthquake Motions, Portland
Cement Association, Chicago, IL.
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authored by Degenkolb and Roy Johnston.28
In Johnston’s EERI oral history,29 late in his
life, he says they were too critical of the PCA
report: “I suspect that Henry would also eat
crow a little, if he were around today.” Did the
Blume-Newmark-Corning book figure into
your work on ATC-3?
Chopra: Not directly. But the most interesting part of this Blume-Newmark-Corning book
was what I learned in the last few months from
Mete Sozen’s oral history.30 It became clear that
Sozen did some of the important writing in that
book, and he also explains why Newmark is not
listed as first author. Blume agreed to remove
his material on the reserve energy technique
from the main text and delegate it to an appendix, and Newmark gave up the first author
position as his part in that compromise.
To answer your question, I did not have much
of an opportunity to interact with John Blume
because he was a member of the Seismic
Design Review Group that interfaced with
Newmark, not with the chairs of the technical
committees.

28 Henry Degenkolb and Roy Johnston (1963),
Engineering Evaluation of the Portland Cement Association’s Book: Design of Multistory Reinforced Concrete
Buildings for Earthquake Motions, American Iron and
Steel Institute, Washington, DC.
29 Connections: Roy Johnston, The EERI Oral History
Series, Stanley Scott interviewer, Earthquake
Engineering Research Institute, Oakland, CA,
2012.
30 Connections: Mete Sozen, The EERI Oral History
Series, Robert Hanson and Robert Reitherman,
interviewers, Earthquake Engineering Research
Institute, Oakland, CA, 2018.

Chapter 7

The Dynamics
of Structures
Monograph
To recognize this major shift in the profession, in the
second edition of the monograph, linear and nonlinear
dynamic analyses occupy almost equal space.

Reitherman: Let’s discuss the structural dynamics primer you
did for EERI, one of the books in the monograph series. What was
the chronology?
Chopra: Around 1975, George Housner and Mihran Agbabian
had identified the need for a series of EERI seminars on various
aspects of earthquake engineering for the profession. At that time,
most of the structural engineers had not been exposed to structural dynamics during their college days. So, there was perhaps
the need to bring to them several important topics in earthquake
engineering in a form that would help them.
Agbabian and Housner had decided on a series of seminars on
several topics: seismicity, strong motion records, dynamics of
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structures, earthquake spectra and design,
design criteria, ground motion and soil
liquefaction, and building codes.
I recall a planning meeting at Agbabian’s
office. He was the first PhD in the early 1950s
in Structural Engineering and Structural
Mechanics from Berkeley; his research
supervisor was Egor Popov. After working
several years at Bechtel in San Francisco, he in
1963 founded the engineering firm AgbabianJacobsen Associates. Present at the meeting
were Housner and possibly Don Hudson. They
had already decided my assignment. I was to
teach the seminar on structural dynamics,
a two-hour presentation that included the
essentials of a semester-long graduate course at
a university. And it was to be delivered without
any of the formalism or mathematics that is
typically used in teaching this subject.
So just imagine. I am in my mid-30s. I’m
telling myself, this assignment is doomed to
failure, how can anybody do this in two hours
without using math when that’s our basic tool
for teaching these subjects? I’m thinking this,
but how do I tell these “big names” about my
apprehension?
Somehow, I gathered my courage to say to
them that, with the constraints they’d imposed
on me, I didn’t see how it could work. I gave
several arguments, but all my arguments were
ignored. They felt that the profession needed
such a presentation on structural dynamics.
These EERI seminars were given originally
in Southern California and Northern California, and they were a grand success. People
all over the country started asking for these
seminars in their respective cities; and they
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must have been given at maybe eight or ten
different places, including Anchorage, Alaska
and Mayaguez, Puerto Rico, and cities in
between. Encouraged by the success of the
seminars, EERI decided to publish a series
of monographs, which were loosely based on
these seminars, and that’s how this idea came
about. My seminar and monograph were well
received, and I attribute much of their success
to Housner and Agababian. It was their concept. I merely executed it.
Reitherman: I have the row of the monographs on my shelf today. I waited eagerly for
each slim hardbound volume to come in the
mail to read it straight through. I think a lot of
EERI members did.
Chopra: The first edition (1981) of my
monograph was well received. Consistent with
the elementary nature of the presentation, I
called it Dynamics of Structures, A Primer. To my
surprise, some professors started using it for
their courses, although it was written just for
the profession with very little mathematics.
I was told several times by the EERI staff that
this is the best-selling monograph in the series;
however, many years later I started saying
to EERI, “Look, you have to stop printing
this monograph because it is outdated. I’m
embarrassed that my name is on it.” They
said, “How can we stop printing it, when it is
still popular?” I replied, “Well, if you insist on
continuing to publish it, you have to give me
the opportunity to redo it as a second edition,
so at least it is contemporary and up-to-date.”
Reitherman: Was the updating primarily
needed because the field had evolved to the
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point of routinely considering nonlinear
behavior in an explicit way in analysis?
Chopra: Exactly, that was the major
difference. The first edition was written at a
time when building design was based on elastic
analysis for lateral forces that had been reduced
by judgement to recognize inelastic behavior.
Except for three pages, it was limited to linear
elastic dynamic analysis of buildings. The
structural engineering profession and practice
in California had changed. Performance-based
guidelines for evaluating existing buildings,
such as FEMA-273, FEMA-356, and ATC-40,
had been published where inelastic behavior
was considered explicitly. Pushover analysis
had become part of professional practice, and
occasionally also nonlinear dynamic analyses.
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To recognize this major shift in the profession, in the second edition of the monograph,
linear and nonlinear dynamic analyses occupy
almost equal space. In fact, it is organized in
three parts: linearly elastic systems, inelastic
systems, and building design codes and
evaluation guidelines. I wasn’t keen to write
the monograph over again, especially because
my textbook had already been published in
1995. But because EERI wouldn’t stop printing
the first edition, I decided I had to replace it by
a modern version. And that’s how the second
edition came about in 2005.
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The Dynamics
of Structures
Textbook
One weekend, I dumped my teaching notes, which
had evolved over 25 years, into the trash and they
were picked up by the garbage truck on Monday
morning. It was a strange feeling. I felt liberated. I
was free to start from scratch.

Chopra: I had no plans to write a textbook. This was my standard response to representatives of Prentice Hall when they visited
me during their annual trips to the Berkeley campus. But they
were persistent for reasons I do not know; they wanted me to write
a book. I have the hunch that Newmark, who was their consulting
editor for books in civil engineering, had planted the seed in their
minds.
I was not thinking of writing a book for two reasons. First, the
Clough-Penzien book, Dynamics of Structures, published in 1975, was
a landmark book in terms of its philosophy and broad scope. It had
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been widely adopted as a textbook. Second,
how could I contemplate such a project with
Penzien and Clough having been such important mentors in my life? Trespassing on the
same subject seemed like blasphemy; you do
not do such things in the culture I came from.
Then things gradually changed. Clough and
Penzien retired. Over the years my teaching
had drifted away from the Clough-Penzien
book; however, I still had not thought of
writing a book of my own. My wife, Hamida,
and daughter, Nasreen, started bringing
up this subject. At the time, Nasreen was a
graduate student in Physics at UC Berkeley,
and she would tell me what she thought of the
different textbook and teaching styles she was
experiencing. Hamida was saying that instead
of writing more papers this year, why don’t you
take the time to write a book?
Reitherman: Structural dynamics was
developing as a core civil engineering course
at universities by then, and the publisher must
have foreseen a growing market. See what you
think of this proposition, Anil. It is difficult for
a university to add a course to its curriculum
if there no textbook on the subject. If there
are only fragmentary research papers and a
mixture of conflicting ideas on how to develop
a topic, it might lend itself to an occasional
seminar rather than a regularly given course.
Chopra: That is true. In those days, professors did not produce course readers you
see today, formatted with graphs and other
elements that can make them look like books.
When I was a student, I would copy my class
notes of what the professor had written on the
blackboard each evening to neatly preserve
them.
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Although the Clough-Penzien book was published by McGraw-Hill in 1975, many students
found the book to be terse. Prentice-Hall may
have been looking for a different style of book
or simply wanted to compete in this market.
We should not overlook another book on
structural dynamics that existed even before
the Clough and Penzien book. It was by Mel
Biggs31 of MIT; but it had very little on earthquake excitation.
Reitherman: And even earlier there was an
anthology of papers on that subject by Biggs
and other professors at MIT32 , which developed out of a short course they gave in 1956.
Chopra: There was also an excellent book
on engineering vibrations, with emphasis on
mechanical engineering, authored by Lydik
Jacobsen and Robert Ayre.33 But it is probably
fair to say that, until the Clough-Penzien book,
civil engineering departments did not have a
textbook to use.
I was—still am—a great admirer of Andy
Veletsos for his research, his way of looking
at problems, his ability to get to the heart of
a problem and find an elegant yet practical
solution; his lecturing and writing style is, in
my opinion, without parallel. In admiration,

31 M. J. Biggs (1964), Introduction to Structural Dynamics, McGraw-Hill, NY.
32 C. Norris, R. J. Hansen, M. J. Holley, M. Biggs, S.
Namyet, and J.V. Minami (1959), Structural Design
for Dynamic Loads, McGraw-Hill, NY.
33 Lydik Jacobsen and Robert Ayre (1958), Engineering Vibrations: With Applications to Structures and
Machinery, McGraw-Hill, NY.
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I decided to invite him to spend a semester at
Berkeley and teach a special course. I sat in
his class with graduate students and watched
in awe a master teacher at the top of his craft.
This was in the late 1970s. Because Andy
was such a master teacher and his writing
exemplary, I suggested that he should write
a textbook. After several years of reminding
him, I realized that it was not high enough on
his list of priorities. Had he written a textbook,
mine may have been unnecessary. I guess that
is called kismet.

Writing the Book
Reitherman:
the book?

How did you go about writing

Chopra: Most books evolve out of class
notes. Somehow, it occurred to me that the
class notes are rather limiting in the sense that
they are the result of incremental changes
made every year. They are not the result of
thinking through the subject from the beginning to the end. It seemed that the better way
to start had to be from scratch. But I asked
myself how do I resist the temptation to keep
looking at my binder of class notes? So, I made
a bold decision. One weekend, I dumped my
teaching notes, which had evolved over 25
years, into the trash and they were picked up
by the garbage truck on Monday morning. It
was a strange feeling. I felt liberated. I was free
to start from scratch.
Rethinking the subject from beginning to
the end had a lot to do with the quality of the
book. I came up with new ways of explaining
many concepts, including central concepts like
modal analysis, response spectrum analysis,
and response history analysis.
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The other thing I did right from the beginning
was to remind myself every morning that this
was intended to be a teaching book for students
learning this subject for the first time. Writing
a book for pedagogy is very different than
writing a research paper for your peers. I think
students like the book because it was written
for them.
Reitherman: Many professors complain
that book writing is a painful job. What was
your experience?
Chopra: For me, the writing of this book was
one of my most enjoyable professional experiences because I only had one thing to do for 15
months. I used to tell my doctoral students that
the luxury of working on one subject intensely
to the exclusion of others won’t come again
once you graduate. And yet I had the opportunity to enjoy that luxury again.
This was by design. In preparation for working
on the book, I phased down all other activities.
I stopped taking on new PhD students, completed my professional society work, accepted
no new consulting jobs, and took a sabbatical
leave from Berkeley. Without any distractions,
I could focus on the book. That is why creating
this book was so enjoyable.
My wife, Hamida, agreed even to limit our
social activities, and fortunately, as a scholar
and writer of Urdu literature, she was very
understanding of me devoting time exclusively
to this project. For those 15 months, she
assumed all responsibilities.
My office is that wing of the house over there
[pointing], and during the day I would walk
over here to the kitchen to get some tea and
talk to my wife, and then go back to work. She
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noticed that I was happy with my work, and so
she surmised that the book would be a success.
I cautioned her that it was like being the director of a movie. The director may like his/her
movie, but it isn’t a success unless people flock
to see the movie.
I had heard too many horror stories of professors who start writing books with good
intentions, but they take forever to complete
them, and many are never completed. I did not
want to be a part of that statistic. That is why
I worked full time, and I mean full time. As a
result, I was able to complete the manuscript
within 15 months and send it to the publisher in
the summer of 1994.
Reitherman:
Chopra:

A word-processed document?

Yes.

Reitherman: What about figures? The book
has so many, and they are very precisely drawn
and labeled.
Chopra: Acknowledgments occupy over two
pages of the book. My copy editor, about whom
I will say more later, said to me that this was
overkill. Usually acknowledgments occupy the
last paragraph of the Preface. However, it is
important for me to identify the contributions
of all who helped. You asked about the figures.
In the first edition, these were done by Rakesh
Goel, who had completed his PhD with me and
was continuing with post-doctoral research.
Creating those figures with the limitations
of software available in the early 1990s was a
major job that Rakesh did exceptionally well.
Then I was extremely fortunate that Barbara
Zeiders, the freelance copy editor hired
by Prentice-Hall, was a very experienced
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professional and a perfectionist. That matched
my value system.
Reitherman: Were parts of the book
influenced by the work of others?
Chopra: Veletsos’ work strongly influenced
three chapters: Chapter 6, Earthquake
Response of Linear Systems, where the elastic
response spectrum is defined; Chapter 7,
Earthquake Response of Inelastic Systems,
where the inelastic response spectrum is
introduced; and Chapter 14 on Analysis of
Non-classically Damped Systems.
It was recognized in the early 1960s that inelastic behavior is the key to earthquake-resistant
design of buildings, otherwise the very low
design forces in the building code cannot be
justified. Several papers were published in
the Proceedings of the Second World Conference on
Earthquake Engineering in 1960 in Japan. The
most influential of these papers was the one
by Veletsos and Newmark, mentioned earlier,
which is the basis for the chapters on elastic
and inelastic response and design spectra.

Foreword by George Housner
Reitherman: What about the foreword to
your book by Housner?
Chopra: I did not advertise the fact I was
working on a book because I thought why talk
about something that may never see the light of
day? George Housner was one of the very few
people who knew about the project. During
those 15 months, I did not attend any conferences or professional society meetings. However, I had to attend a meeting in Sacramento
and George was there. He asked me how the
book writing was progressing. I said that it’s
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going alright, but when I started the project, I
thought I would get paid one dollar per hour,
but now it’s down to 25 cents an hour, and he
laughed.
He mentioned about a professor offering his
students a dollar for every error they found
in his book manuscript. He started losing so
much money that he had to withdraw the offer.
He told me a couple of stories that I put in my
acceptance speech when I was awarded the
EERI Housner medal in 2002. He told me of
Hermann Grassmann, a high school teacher in
Germany in the 1840s who developed a book
on a new branch of mathematics containing
concepts that eventually led to linear algebra
of today. No one would publish it. He had 500
copies printed. He gave them to big names like
Lord Kelvin and William Rowan Hamilton.
They found Grassmann’s book to be totally
unintelligible. By this point, I was wondering
what exactly was George trying to tell me. He
continued with the story. Grassmann did not
give up and some 15 years later published a second edition of the book, saying that the theory
presented was important, but this book did not
fare any better. Now, linear algebra is a welldeveloped branch of mathematics, which has
major applications in engineering, including
structural engineering and structural mechanics. On another occasion, George told me about
a French writer who couldn’t get bookstores
to carry his books, so he would carry a bag of
them to a store, and when no one was looking,
he would leave some on the shelves in the hope
that somebody would read it.
I wasn’t sure if George was trying to dissuade
me from writing my book, but I decided to
find out and ask him to write the foreword. If
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he declined, I would know he was discouraging. But he readily agreed and initially I was
happy. But then I got worried again. What if his
foreword was not complimentary? But that fear
was unfounded.
Reitherman: [reading from the book
handed to him by Chopra] Housner says,
“As a textbook on vibrations and structural
dynamics, this book has no competitors.” And
then, paying homage to John Ripley Freeman
(1855–1932), as Housner was wont to do, and as I
do, he says, “I believe this is the book for which
John R. Freeman was searching.” You got the
praise of Housner and posthumously Freeman?
[laughter] That’s rich.

The Success of the Book
Chopra: In interviewing me at the time of
my Retirement Symposium in 2017, Filip Filippou asked me if the success of the book had
surprised me. In retrospect, it was clear that
such a book was needed. I am delighted that I
was able to fill that need. The book would not
have happened without the assistance of many
individuals, especially many former students,
listed in the Acknowledgments section.
Then Filip asked how the success of the book
has affected my life. The book did not make
me wealthy, but it is a source of great satisfaction, knowing that I have helped students
learn the subject. With the internet and email,
I hear from students from around the world.
Once I heard from six Greek students who
jointly wrote that their professors had the
great ability to make every subject more difficult than it needed to be, but my book enabled
them to pass the examination. And when I go
to conferences, students gather around me
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because they feel connected to me through
the textbook, and want to have a picture taken
with me.
The book is now in its fifth edition, and I’ve
tried to produce a new edition every five years.
Reitherman: Do you think this is true, Anil?
Consider textbooks versus research papers. In
terms of advancing the discipline, there have
been watershed papers. But in terms of the
number of people who read the paper and who
are affected by it, it seems like the textbook has
a broader influence.
Chopra: What you say is true, in terms of
learning the broad field.
Reitherman: What about the languages in
which the book has been translated?
Chopra: The first translation was into
Japanese, soon after the book came out in
1995. Makoto Watabe was the leader of a team
that did that translation. He was an important
researcher from Japan who had visited Berkeley for extended periods to collaborate with
Penzien. Now in addition to a Japanese version,
there are translations in Korean, Chinese,
Greek, Turkish, Spanish, and recently Lithuanian. The Lithuanians wanted to translate
only a part of the book. I was opposed to it.
But they explained that they only wanted
the content on structural dynamics because
earthquake engineering was of little interest
in their non-seismic part of the world. But the
strangest translation is in Farsi. I was not aware
of it until I visited Iran in April of 2006.
Reitherman:

So it was pirated?

Chopra: You might say that. For many years,
colleagues had been inviting me to lecture in
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Iran, but due to the strained relations with the
United States, I had always politely declined.
Let me tell you an interesting story that is
related. On the seventh floor of Davis is a
faculty lounge, the Carlson Lounge, and I was
sitting there with several visiting Iranian professors. They were reiterating their invitation
to visit Iran, and very politely pressuring me.
While I am feeling cornered, in walks Janet
McDonald, who had been the administrative
assistant for the department for many years. I
introduced her and said that these professors
from Iran wanted me to visit them for a week
and lecture. What do you think of the idea?
She said, right in front of them, “No way are
you going.”
But then Hamida became interested in going
to Iran because she is a scholar of Urdu, a
North Indian language, which has the same
script as Farsi and Arabic, as well as its roots in
these two languages.
After my keynote lecture at the 13th World
Conference in Vancouver, Canada, a lot of
people came up to talk to me. Later I was surrounded by a large group of Iranian professor
and engineers, who reiterated their invitation
that I accepted this time. Eventually, a trip
was arranged, with plenty of time to tour the
country with Hamida.
There at a social event, I met an undergraduate student who said she liked my book. I said,
but your nation requires all the teaching to
be in Farsi, right? And she said yes, but we
have a translation of your book. That’s when I
learned they had translated my book to Farsi.
I got a copy of the translation and complained
to the translator that he had translated only
a part of the book and had added extraneous
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content at the end of the book. Then I sent
the translator a copy of the Fourth Edition
and asked that he translate the entire book
and remove the extraneous content. This the
translator did and sent me a new copy, but
since then I have not kept up with the status
of the Farsi translation.
Because the book has been updated every
five years, it remains current in my opinion.
For example, the 5th edition (2017) includes
some 50 pages on nonlinear modeling of
buildings and on ground-motion selection and modification. These topics were
developed in response to the modern trend of
performance-based engineering of tall buildings on the West Coast of the United States,
requiring nonlinear response history analysis
of buildings.
Chopra: In 1995 when my structural
dynamics textbook came out, I tried very
hard to keep the price as low as possible.
My editor was sympathetic and cooperated
to price it around $65. Now, the 5th edition
is listed at $240; that is a lot for money for
students. I suggested publishing a cheaper
paperback edition for Asia, the Middle East,
and South America The editor kept asking
me why I was so keen to when there is very
little money to be made? I wanted the book to
be at an affordable price for students. Sudhir
Jain persuaded Prentice Hall, India, and I
tried to convince Prentice Hall, USA. Eventually I succeeded.
Reitherman: ASCE Press is making little
money off my book on the history of earthquake engineering now; it’s been out since
2012. But they won’t release a publicly available
pdf of it, though Berkeley has a license and
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if your computer has a UC Berkeley I.P., you
can get it. If I try to post a pdf for free, their
sleuths troll the internet and find out and send
a copyright infringement warning. Same thing
with a book on seismic design and building
configuration written with Chris Arnold,
published by Wiley. Sudhir Jain wanted to get
an inexpensive edition published in India, but
Wiley wouldn’t consider it.
Reitherman: Compare the process of
writing that book on structural dynamics
with the book you are working on at this
moment—thank you for your time with these
several interviews as you’re trying to finish that
book—on earthquake engineering for concrete
dams.
Chopra: The book on dams is not a
textbook for beginning students. It is a
distillation of our research over a period of
over 40 years. I have looked back on that body
of work to identify the important concepts
that have become central to the earthquake
engineering for concrete dams, rewritten and
integrated the related material in a reference
book. It is intended for graduate students
embarking on research in the field, researchers, and professional engineers. In contrast
to a textbook, this reference book does not
contain solved examples or end-of-chapter
problems. In that sense, it’s a much easier book
to write.
Reitherman: Who is publishing it? And
what is the title?
Chopra: I first talked to my previous publisher, Prentice-Hall (now Pearson), but their
Reference Book Division was only interested
in high-volume books, e.g., computer science
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books. Fortunately, Wiley-Blackwell was interested in publishing it. The title of the book is
Earthquake Engineering for Concrete Dams: Analysis,
Design, and Evaluation. [It was published in
March, 2020.]
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Concrete Dams
The structural damage sustained by Koyna Dam
was of profound significance to the development of
earthquake engineering for concrete dams. A modern
dam with strong motion instrumentation had been
damaged by ground shaking that was intense, but
by no means extreme. It prompted development
of dynamic analyses procedures that revolutionized
earthquake engineering for concrete dams.

Koyna Dam
Chopra: Let us start with a case history that was a watershed
event in the development of earthquake engineering for concrete
dams. This was the damage to Koyna Dam in India caused by an
earthquake in 1967.
Reitherman: Even in modern times, there still seem to be
individual events, almost random events, that spur engineering
along and in a new direction.
Chopra: This is especially true in earthquake engineering.
For example, the massive landslides caused by the 1964 Alaska
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earthquake and the dramatic pictures of liquefaction during the 1965 Niigata earthquake
provided major impetus to the development
of geotechnical earthquake engineering, with
Harry Seed of UC Berkeley taking the lead.

India. I believe that all this started with Jai
Krishna, Professor of Civil Engineering at
the University Roorkee, visiting Caltech for
several months in 1959, which was followed by
Housner and Hudson visiting Roorkee.

Reitherman: Did you ever meet A.N.
Khosla? He was very high up, head of a water
resources commission in India and involved in
the design of the Bhakra Dam, at the time the
highest gravity dam in the world. He was later
vice-chancellor of the University of Roorkee,
later Indian Institute of Technology Roorkee.
That’s where the connection with Don Hudson
and George Housner comes in, leading to the
deployment of strong motion instruments in
India.

Reitherman:

Chopra: I never met Khosla [1892–1984],
a highly accomplished engineer. He served
as the Chairman of the Board of Consultants
of the Control Board for Bhakra Dam, a
226-m-high gravity dam that was commissioned in 1963. He was instrumental in bringing about a number of agreements resulting
from the Indus Water Treaty between India
and Pakistan. This treaty, brokered by the
World Bank in 1960, had to do with the sharing
of waters from the Indus river system—Indus,
Jhelam, Chenab, Ravi, Beas, and Sutlej—that
flows through the two countries. Prime Minister Nehru appointed Khosla to the Planning
Commission of India. He was the first Indian to
serve as the Vice Chancellor of the Thomason
College of Civil Engineering (established in
1847), later renamed University of Roorkee
(1948), and now IIT Roorkee (2001).
You are right in that George Housner and
Don Hudson played an important role in the
development of earthquake engineering in
48

Let us return to Koyna Dam.

Chopra: Constructed in the 1950s, it is
a 103-m-high gravity dam. It was designed
according to the standard practice worldwide
at the time. Earthquake effects were represented by static lateral forces with a seismic
coefficient of 0.05 uniform over the height. The
design criteria were as follows: no tension in
the section, and sliding and overturning of the
monolith to be prevented.
The engineers had the foresight to deploy two
strong-motion accelerographs on the dam. A
magnitude 6.5 earthquake on 11 December 1967
caused intense shaking at the site. One of the
accelerographs produced an important record
that is roughly representative of the ground
motion. The peak value of ground acceleration
in the stream direction (transverse to the dam
axis) was 0.38g.
The dam sustained significant damage in
the form of horizontal cracks in the taller
non-overflow monoliths on both sides of the
spillway at the elevation where the slope of
the downstream face changed abruptly. The
damage was repaired soon after the earthquake
by injecting epoxy resin into the cracks and
prestressing (vertically) the damaged monoliths. Several years later, the dam was strengthened by adding buttresses to the non-overflow
monoliths. The cost of strengthening the dam
in 1973 was approximately U.S. $7 million.
This may not seem like a major expense for
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repairs to a large dam due to an infrequent
earthquake; however, we should recognize
that this was the cost almost 50 years ago in a
country where construction and labor is much
less expensive than in the U.S. or western
Europe.
The structural damage sustained by Koyna
Dam was of profound significance to the
development of earthquake engineering for
concrete dams. A modern dam with strong
motion instrumentation had been damaged
by ground shaking that was intense, but by no
means extreme. It prompted development of
dynamic analyses procedures that revolutionized earthquake engineering for concrete
dams.
Our research demonstrated that the design
forces had little resemblance to how the dam
responded during the earthquake. We computed the dynamic response of a finite-element
model of Koyna Dam subjected to the recorded
motion. The computed stresses indicated
significant cracking at locations consistent
with the damage of Koyna Dam during the
earthquake.
Reitherman: Your report from 1971 includes
a comprehensive summary of the seismological
setting of the dam, saying that, “The Indian
peninsula was widely considered to be stable
and nearly non-seismic, a region of India not
thought to be capable of generating magnitude
6.6.” 34

34 A. K. Chopra and P. Chakrabarti (1971). “The
Koyna Earthquake of December 11, 1967, and the
Performance of Koyna Dam,” EERC Report No.
71–01, Earthquake Engineering Research Center,
University of California, Berkeley, CA.
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Chopra: Over recorded history, several
large-magnitude (8+) earthquakes have
occurred in northern India in the vicinity of
the Himalayas, especially in northeastern
India. However, seismicity of the Deccan
Plateau of the Indian peninsula had been considered low. As a result, the Koyna earthquake
surprised most geologists in India.
Reitherman: How did the U.S. engineers
react to the damage to Koyna Dam?
Chopra: Initially, the reaction was one of
denial. Because the cross section of the nonoverflow monoliths of Koyna Dam is not typical of gravity dams, U.S. engineers believed
that dams with conventional cross sections
would not have been damaged. We investigated
this belief by finite-element analysis of Pine
Flat Dam, a 130-m-high dam in California
subjected to the ground motion recorded at
Koyna Dam. The maximum tensile stresses
were somewhat smaller, but still large enough
to indicate that dams with typical cross sections would have been damaged. These results
got the attention of dam engineers in the U.S.
Gradually, the dam engineering community
was convinced that traditional pseudo-static
analysis procedures and design criteria should
be abandoned in favor of dynamic analysis.
However, this was a painfully slow evolution.

Research on Earthquake
Engineering for Concrete Dams
Chopra: Our study of the damage to Koyna
Dam during the 1967 earthquake made it
abundantly clear that the dynamics of concrete
dams is a wide-open field. It became a major
theme in my research and continued for many
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TABLE 2: P H D STUDENTS OF ANIL CHOPRA

1968

P.R. Perumalswani

1973 P. Chakrabarti
		 A. K. Vaish
1974 C.-Y. Liaw
		 D. Ray
1975

N. Pal

1976 J. A. Gutierrez
		 C.L. Kan
1977 D. P. Clough
		 T. Srichatrapimuk
1978

O. A. Lopez

1980 C. S. Porter
		 J. F. Hall

1987 P. Banerji
		 R. Hejal
1988

A. Goyal

1990 L. Zhang
		 R.K. Goel
1994

J.C. De la Llera

1995

H.-C. Tan

2002 W.-H. Lin
		 C. Chintanapakdee
2004 K. L. Ryan
		 U. Basu

1983

C.-S. Yim

2009

J. C. Reyes

1984

G. L. Fenves

2015

N. Simon Kwong

2018

A. Lokke

years because the problem was so challenging,
as I will describe later.
Of the 31 PhD students I advised, 11 worked on
topics related to concrete dams: Perumalswani,
Chakrabarti, Pal, Porter, Hall, Fenves, Fok,
Zhang, Tan, Basu, and Lokke (see Table 2).
The prediction of performance of concrete
dams during earthquakes is one of the most
complex and challenging problems in structural dynamics because of several factors.
First, dams and the impounded reservoirs
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1985 E. F. Cruz
		 K. L. Fok

are of complicated shapes, as dictated by the
topography of the site; second, the response of
a dam is influenced greatly by the interaction
of the motions of the dam with the impounded
water and the foundation, both of which
extend to large distances; third, during intense
earthquake motions, the problem becomes
highly nonlinear because vertical contraction
joints may slip or open; concrete may crack;
and lift joints in concrete, the dam-foundation
interface, and fissures in foundation rock may
separate and slide; and fourth, ground motion

Anil K. Chopra • Concrete Dams

varies spatially over the width and height of
the canyon, but little is known about these
spatial variations in the ground motion due
to paucity of instrumentation and earthquake
records.
Analysis of the dam alone (no impounded
water) supported on rigid foundation to
ground motion specified at the base would be
a standard application of the finite-element
method. However, analysis of concrete dams is
greatly complicated by the fact that the structure interacts with the water impounded in the
reservoir and with the deformable rock that
supports it, and because the fluid and foundation domains extend to very large distances.
Initially, researchers modeled the interaction
mechanisms in a crude way by combining
finite-element models for a limited extent
of the fluid and foundation domains with a
finite-element model of the dam. Thus the
“semi-unbounded” system was reduced to
a finite-sized model with rigid boundaries,
which, generally, do not exist at the site. Such a
model does not allow for radiation of hydrodynamic pressure waves in the upstream direction or stress waves in the foundation because
these waves are reflected back from the rigid
boundaries, thus trapping the energy in the
bounded system, leading to erroneous results.
In an attempt to overcome this limitation, Ray
Clough proposed an expedient solution that
ignored mass of the rock and compressibility of
water. Clough’s big reputation lent credibility
to this modeling approach, which was widely
employed because it was easy to implement in
commercial finite-element software. In later
conversations, I will refer to this approach as
the popular finite-element method.
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Linear Dynamic Analysis
To overcome the limitations of the preceding
approaches, we (my students and I) extended
the substructure method for analysis of
soil–structure interaction, developed by Jorge
Gutierrez for his PhD thesis (1976) to include
the fluid domain. Thus, we avoided truncating
fluid and foundation domains to finite size,
which was the source of errors in the standard
finite-element model mentioned earlier.
Initially, the substructure method was applied
to two-dimensional models, which can be
suitable for analysis of many gravity dams; and
later for three-dimensional models required
for arch dams. Because this method cannot be
implemented in standard finite-element software, my students had to develop specialized
software: EAGD for two-dimensional analysis
and EACD for three-dimensional analysis.
The substructure method rigorously modeled
interaction among the three substructures,
including compressibility of water and mass
and damping of the rock. We were able to
demonstrate that if these factors are ignored—
as in the “popular” finite-element method
mentioned earlier—very large errors can
result.
The advancements we made in the earthquake
analysis and response of concrete gravity
dams resulted primarily from PhD theses by
Partha Charkrabarti,35 John Hall,36 and Greg

35 Vice-President of Engineering, Zentech, Houston, TX
36 Professor of Civil Engineering, California Institute of Technology, Pasadena, CA
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Fenves.37 In addition, Gautam Dasgupta,38
after completing his PhD research with Jerry
Sackman, worked with me on dynamic analysis
of foundations modeled as a viscoelastic
half-space. The parallel advancements for
arch dams resulted from PhD theses by
Craig Porter,39 John Hall, Ka-Lun Fok,40,
Liping Zhang,41 and Han-Chen Tan. Finally,
direct analysis of nonlinear finite-element
models of dam-water-foundation systems,
with semi-unbounded fluid and foundation
domains, resulted from PhD theses by Ushnish
Basu42 and Arnkjell Lokke.43
I realized that dam engineers, who were
accustomed to traditional static analysis for
lateral forces equal to the weight of the dam
multiplied by a seismic coefficient, would
be reluctant to make the big leap toward the
substructure method for analysis of dams,
including dam–water–foundation interaction.
Therefore, I decided to develop a simplified
version of the substructure method, a response
spectrum analysis procedure wherein the
dynamics of the dam, including dam-water
37 President, Emory University, Atlanta, GA
38 Professor of Civil Engineering, Columbia University, New York, NY
39 U.S. Naval Air Weapons Station, China Lake, CA
40 Division of the State Architect, State of California, Sacramento, CA
41 Anatech Corp., San Diego, CA
42 Senior Scientist, Livermore Software Technology
Corporation, Livermore, CA
43 Senior Engineer, Norwegian Geotechnical
Institute (NGI), Oslo, Norway
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interaction, was considered in computing
the lateral forces.44 The procedure was
supplemented by appropriate design tables
and graphs in a form convenient for practical
implementation. Static analysis of the dam
subjected to these lateral forces provided
designers with a good estimate of the earthquake-induced stresses. This is the work that
Newmark had liked very much, as mentioned
in an earlier conversation. It was awarded the
ASCE Norman Medal (1979).
Several years later, in his PhD dissertation,
Greg Fenves extended this method in a major
way to include dam-foundation interaction and
wave absorption at the reservoir bottom. This
work was awarded the ASCE Reese Research
Prize (1989). Because this response spectrum
analysis was easy to implement, it was widely
used by the profession. Subsequently, it was
incorporated in CADAM, a user-friendly
software developed by Pierre Léger45 and his
students, further popularizing the method.
In passing, I wish to comment on the challenge
of developing simplified procedures to estimate earthquake response of concrete dams or,
for that matter, any class of structures. Developing simpler, approximate procedures to solve
complex, real world problems, procedures
that are rooted in fundamental principles and
structural dynamics, is invariably much more
44 A. K. Chopra (1978), “Earthquake Resistant
Design of Concrete Gravity Dams,” ASCE Journal
of the Structural Division, (104) ST6: 953–971.
45 Professor of Civil Engineering, Polytechnique
Montréal, Canada. He was a student of Ed
Wilson; he received his PhD from UC Berkeley
in 1986.
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difficult than developing rigorous solutions.
This is because the underlying physics of the
problem and the nature of the solution must
be fully understood to separate the important
effects—that are to be retained in the simple
solutions—from those that are secondary.
Newmark once said to me, “The goal of such a
procedure is to get 90% of the correct answer
by doing only 10% of the work.”
This was an important paradigm for earthquake engineering research before computers
became ubiquitous. Newmark, Housner, and
Veletsos were masters at this approach. Now
that computers are on every desk and in every
lap, this “old” approach is seen rarely because it
is so tempting to start computing at the outset.
As you know, usually it takes many years for
structural engineering research to be adopted
by the profession. However, occasionally it is
accelerated because of an urgent need, as I will
narrate next.
Professional use of the EACD computer
program is an interesting story. Starting in
1996, the U.S. Bureau of Reclamation (USBR)
embarked upon a major program to evaluate
the seismic safety of their dams. The investigation included the earthquake analysis of 12
arch dams, including the iconic Hoover Dam.
Ground motions consistent with the seismic
hazard for each dam site were selected.
Initially, Larry Nuss and his colleagues at
USBR analyzed Hoover Dam by the popular
finite-element method using commercial
software; because of the limitations of the
program, they ignored the mass of rock and
compressibility of water. The stresses computed by linear analyses were large enough to
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indicate that the dam will crack through the
thickness. They refused to believe these results
because Hoover Dam is located in a tight
canyon; it is curved in plan with a thick cross
section similar to straight gravity dams. They
said if Hoover Dam does not “figure,” none of
their existing dams would be deemed as safe.
Just about this time (1996), Han-Chen Tan
had completed his PhD thesis where he had
developed the substructure method for threedimensional dam-water-foundation systems,
which included the mass and material damping
of foundation rock and compressibility of
water, and the EACD computer program.
Using this program, Larry Nuss’ team
reanalyzed Hoover Dam and found that now
the stresses were much smaller, indicating
that the dam would not be damaged during
the postulated earthquake. Since then, USBR
engineers have abandoned the popular finiteelement method and included all interaction
mechanisms in a realistic manner.
Recently, a similar experience occurred in a
dam on which I was serving as a consultant.
Analysis that ignored the mass of foundation
rock had led to the conclusions that the dam
would require a major retrofit at an estimated
cost of several tens of millions of dollars. Subsequently, a more rigorous analysis, including
all interaction mechanisms, demonstrated that
such a retrofit was unnecessary.

Nonlinear Dynamic Analysis
The substructure method is limited to linear
systems so it cannot model nonlinear mechanisms or estimate damage. To tackle nonlinear
analysis, we extended the finite-element method

53

Chapter 9

Connections: The EERI Oral History Series

to include wave transmitting (or wave absorbing) boundaries to simulate semi-unbounded
domains, the fluid and foundation domains.
In his PhD thesis, Ushnish Basu developed the
Perfectly Matched Layer (PML) boundary for
elastodynamics in a form that can be implemented in a finite-element setting. He then
adapted and extended the effective seismic
input method developed by Jacobo Bielak46
to three-dimensional analysis of dam-waterfoundation systems. Since his graduation in
2004, Ushnish Basu has implemented these
methodologies in the commercial finiteelement code LSDYNA.47
Because the PML boundary and effective
seismic input method are not available in most
commercial finite-element codes, we decided
to solve the problem in a way that is implementable in any code. This was the subject
of Arnkjell Lokke’s thesis. For this purpose,
the wave-transmitting boundary was modeled by simple viscous dampers and a special
methodology developed to define the “effective
seismic forces” starting from the free-field
ground motion specified at the ground surface,
resulting in what we called the Direct Finite
Element Method (FEM).

Spatial Variations in Ground Motion
I was not able to work on this problem for lack
of funding until Jin-Ting Wang, a professor

46 Hamerschlag University Professor Emeritus,
Civil and Environmental Engineering, CarnegieMellon University
47 Livermore Software Technology, developers of
LSDYNA, Livermore, CA

54

at Tsinghua University, came to Berkeley in
2008 to work with me for a year. Because he
was an experienced researcher in dynamics of
dams, we were able to accomplish a lot in one
year. He extended the substructure method
and the EACD computer program to include
spatial variations in ground motion around the
canyon.

Computed Responses
versus Recorded Motions
An obvious question arises: How well do
computed responses of dams agree with their
motions recorded during earthquakes? Actual
performance of well-instrumented dams
experiencing strong ground motion is obviously the ultimate test of any dynamic analysis
procedure. However, good examples are rare,
in part, because, unfortunately, very few dams
are instrumented adequately.
We were able to find a good case history of a
gravity dam. The motions of Tsuruda Dam,
a 117.5-m-high dam in Japan, were recorded
during an earthquake of magnitude 6.6
centered at a distance of 13 km from the dam,
and five aftershocks of magnitude in the range
of 4.3 to 6.4. Arnkjell Lokke achieved good
agreement between responses computed by
the substructure method using the EAGD-84
computer program and the recorded motions.
Good case histories are even harder to find
for arch dams where the spatial variations
in ground motion around the canyon can be
especially influential on dam response. Unfortunately, very few dams are instrumented
adequately to record these spatial variations.
Located in the Swiss Alps, Mauvoisin Dam is
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a 250-m-high double curvature arch dam. It is
the best instrumented dam in the world; the
instrument array includes 12 three-component
strong-motion accelerographs. Motions of
the dam during a magnitude 4.6 earthquake
centered 13 km away from the dam were
recorded. During these weak motions, the dam
responded within the linear range, thus providing a good test for the substructure method.
Jin-ting Wang demonstrated that the responses
computed by the substructure method using
the EACD-3D-2008 computer program agreed
reasonably well with the recorded motions.
Pacoima Dam is a 113-m-high dam in the San
Gabriel Mountains in Southern California. It
is the best instrumented dam in California; the
instrument array includes nine strong-motion
accelerographs. Motions of the dam during a
magnitude 4.3 earthquake centered 6 km away
from the dam were recorded. The computed
responses agreed very well with the recorded
motions.
The instrument array also recorded the
motions during the magnitude 6.7 Northridge
earthquake (1994), with its epicenter located
18 km from the dam. The peak acceleration
of about 0.5g at the base was amplified to
1.3g and 0.75g at the left and right abutments,
respectively. A similar comparison of response
computed by linear analysis against motions
recorded during this earthquake is not appropriate because the ground shaking was intense
enough to cause significant nonlinear behavior
of the dam: vertical contraction joints opened
and the abutment thrust block cracked.
However, a linear analysis by the EACD3D-2008 computer program was able to
identify the highly stressed zones in the dam,
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suggesting that cracking would occur in the
thrust block between the dam and the left
abutment, which is what actually happened
during the earthquake. These analyses
revealed that such good correlation could not
be achieved if spatial variations in ground
motion around the canyon were ignored, thus
demonstrating their importance in response of
arch dams.

Forced Vibration Tests
Forced vibration tests on a dam provide
another way of evaluating modeling assumptions and analysis procedures. Vibration
generators impose harmonic force on the
structure and the measured response provides
one data point on the frequency response
function. Repeating such tests over a range of
excitation frequencies provides the complete
frequency response function. Dixon Rea, who
with Joe Penzien designed the UC Berkeley
shaking table, performed such tests (1972) on
Pine Flat Dam in Central California. Based
on such experimental data, researchers have
demonstrated the validity of the modeling
assumptions in EAGD and EACD computer
programs. Such an investigation on Morrow
Point Dam was conducted by Larry Nuss.48
Similar demonstrations based on forced vibration tests on several gravity and arch dams in
Canada and Switzerland were reported by Jean
Proulx49 and Georges Darbre50 .
48 U.S. Bureau of Reclamation
49 Professor of Civil Engineering, Sherbrooke
University, Québec, Canada
50 Safety Officer (retired), Safety of Dams, Federal
Office for Water and Geology, Bern, Switzerland
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Earthquake-Induced
Base Sliding of Concrete Dams
Traditional static analysis of sliding and
overturning of gravity dams have little meaning during earthquake-induced oscillatory
motions. Intrigued by the question of how to
evaluate sliding of gravity dams during oscillatory motion, we did an exploratory investigation on gravity dams. I asked Liping Zhang
(whose PhD research was related to arch dams)
to work on this topic, and we produced a nice
piece of work.
Including the flexibility of the dam and
hydrodynamic effects, we developed a procedure to compute the sliding displacement
(in the downstream direction) as a function
of time. However, such results were not ready
for practical application because of certain
simplifying assumptions. Unfortunately, the
body of knowledge has not advanced since our
work was published in 1991, in part for lack of
research funding.

General Comments
Over the past two decades, very little research
on earthquake engineering for concrete dams
has been possible due to lack of funding.
However, major problems remain to be solved.
China is perhaps the only country where
major investment in research and development
continues. This investment may be motivated
by the fact that China has been building many
large dams. However, seismic safety of dams
should be of concern worldwide because most
existing dams were designed by methods that
are now known to be obsolete.

Intake-Outlet Towers
Intake-outlet towers exist at dam sites to
regulate the release of water impounded by
a dam. The dynamics of these towers surrounded by water are complex, although not as
complex as concrete dams. Two of my students
worked on this problem for their PhD research:
Chih-Young Liaw51 and Alok Goyal52 .
Liaw, who completed his PhD in 1973, studied
the dynamics of uniform cylindrical towers
based on analytical solutions. He demonstrated
that compressibility of water and surface waves
have very little influence on the response of
towers, thus these effects can be neglected. He
demonstrated that the effects of surrounding
water are equivalent to an additional mass with
its magnitude and distribution depending on
the deflected shape during vibration. This was
a significant improvement over the traditional
definition of added mass, assuming the structure to be rigid.
We returned to this class of problems in the
late 1980s. The goal of Alok Goyal’s PhD
thesis (1989) was to remove the restriction of
axi-symmetric plan so that towers with other
plans—e.g., elliptical, rectangular—were covered and to include tower-water-foundationsoil interaction.
Goyal developed a general, linear analysis
procedure and investigated how dynamic
response of the tower is affected by hydrodynamic and foundation interaction effects,
51 Professor of Civil Engineering (retired), National
University of Singapore, Singapore
52 Professor of Civil Engineering, Indian Institute of
Technology, Mumbai, India
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and, finally, invested considerable effort to
develop a simplified procedure to estimate the
earthquake forces directly from the design
spectrum.
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These methods—developed almost 30 years
ago—continue to be used by the profession. In
one sense this is gratifying, but it also shows
that, since then, advancements have been
meager, again for lack of research funding.
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Research in
Structural Dynamics
and Earthquake
Engineering
As a result of our work on highway bridges in
fault zones,… the procedures we developed were
incorporated into the CalTrans seismic design practice.

Estimating Seismic Demands for Buildings
Most seismic building codes permit the use of a static equivalent
lateral force procedure for analysis, wherein the elastic seismic
coefficient is reduced by an R-factor. Although the profession had
thought this method appropriate for the design of new buildings,
after some trials they concluded it was inappropriate for evaluation
of existing buildings. In the mid-1990s, the structural engineering
profession developed guidelines for the seismic evaluation and
rehabilitation or retrofit of existing buildings. A major challenge was to develop simple, yet effective methods to estimate
demands—deformations and forces—imposed by earthquakes on
structures that were more realistic than those in building codes for
59
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the design of new buildings. The profession
decided to consider yielding of the structure
explicitly in estimating seismic demands for
buildings instead of the R factors in the code.
The ATC-40 document53 was published in
1996 and the FEMA-273 guidelines54 appeared
in 1997.
The nonlinear static procedure (NSP) to
estimate seismic demands contained in these
publications was based on the capacity spectrum method (CSM) developed by Sigmund
Freeman in 197855. This analysis procedure
was based on three major approximations: (1)
the lateral force distribution is based essentially on the fundamental mode of vibration;
(2) the earthquake-induced deformation of
an inelastic SDF system (derived from the
pushover curve) can be estimated satisfactorily
by an iterative method requiring analysis of
a sequence of equivalent linear systems with
successively updated values of vibration period
and damping ratio; the method was typically
implemented graphically; and (3) the roof
displacement of a multistory building can be
determined from the inelastic deformation of a
SDF system. The iterative route was ostensibly
53 Applied Technology Council (1997). Seismic
Evaluation and Retrofit of Concrete Buildings,” ATC40, Applied Technology Council, Redwood City,
CA.
54 Building Science Safety Council (1997). NEHRP
Guidelines for the Seismic Rehabilitation of Buildings,
FEMA-273, Federal Emergency Management
Agency, Washington, DC.
55 S. A. Freeman (1978). “Prediction of response of
concrete buildings to severe earthquake motion,”
Symposium Paper, Publication SP-55, American
Concrete Institute, Detroit, MI, pp. 589–605.
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chosen to avoid direct analysis of the nonlinear
(inelastic) SDF system.
As an aside, the motivation for this choice
was a bit baffling to me in light of the fact that
estimating the earthquake response of inelastic
SDF systems was straightforward, based on the
research published in the 1960s, starting with
the landmark paper by Andy Veletsos and Nate
Newmark at the Second World Conference on
Earthquake Engineering in 1960.
Rakesh Goel, who at the time was on the
faculty of CalPoly, San Luis Obispo, and I
decided to study the approximations mentioned earlier. We found that, unfortunately,
the ATC-40 iterative procedure did not always
converge; when it did converge, it did not lead
to the value consistent with dynamic analysis
of the inelastic system, and errors approaching
50% were observed.
This was a huge surprise. I thought that
perhaps we had misinterpreted the ATC-40
method. We convened a meeting of a small
group at the Degenkolb Engineers office in San
Francisco to discuss our findings; Chris Poland
was there with a couple of his colleagues. I
invited Sig Freeman, who more than any other
individual had been responsible for the concept
and development of the capacity spectrum
method. During this meeting, nobody identified any flaw in our work, so we proceeded to
publish our findings.56
Earlier in this oral history we had talked

56 A. K. Chopra and R. K. Goel (2000). “Evaluation
of NSP to Estimate Seismic Deformation: SDF
Systems,” Journal of Structural Engineering, ASCE,
126(4): 482–490.
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about the challenges in developing simplified
analysis procedures, which are rooted in structural dynamics theory, for estimating seismic
demands. The capacity spectrum method,
as implemented in ATC-40, is an example of
a simplified procedure that did not work out
well, in my opinion.
We decided to improve upon the ATC-40
procedure. So we estimated the deformation
directly from the well-known inelastic design
spectrum for the demand diagram instead of
the elastic design spectrum; this procedure
avoided iterations. The resulting estimate
of deformation was consistent with the wellestablished knowledge about earthquake
response of inelastic systems.
At about the same time, Peter Fajfar57 in
Slovenia independently developed similar
methods. Those were adopted in Eurocode 8;
however, developers of the building evaluation
guidelines in the U.S. did not seem impressed
with our work or Peter’s work.
Thereafter, we worked on removing another
limitation of the NSP procedure where
only the first-mode response of the building
is considered. We developed an improved
multi-mode pushover analysis procedure based
on structural dynamics theory that retains
the conceptual simplicity and computational
attractiveness of the NSP procedure with a
single force distribution that was common in
structural engineering practice. We called
this the modal pushover analysis (MPA)
procedure, wherein lateral force distributions
57 Professor (retired), Department of Civil Engineering, University of Ljubljana, Ljubljana,
Slovenia.
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corresponding to the first few vibration modes
were considered.
The accuracy of the MPA procedure was
demonstrated for a wide range of buildings
and ground motions: generic frames in Chatpan Chintanapakdee’s PhD thesis (2002);58
SAC (steel) buildings by Rakesh Goel;59 and
reinforced concrete frame buildings in Hugo
Bobadilla’s M.Eng. thesis (2007).60 Finally, we
demonstrated that the MPA procedure was
far superior to the analysis procedures in the
FEMA-356 and ASCE 41–12 documents in
estimating seismic demands for buildings.
Because the MPA procedure was rooted in
structural dynamics theory, we were able
to extend it to unsymmetric-plan buildings.
Rakesh Goel and I developed the theory,61

58 C. Chintanapakee and A. K. Chopra (2003),
Evaluation of the Modal Pushover Analysis Procedure
using Vertically ‘Regular’ and Irregular Generic Frames,
Report No. UCB/EERC 2003–03, Earthquake
Engineering Research Center, University of
California, Berkeley, CA.
59 R. K. Goel and A. K. Chopra (2004), “Evaluation
of Modal and FEMA Pushover Analyses: SAC
Buildings,” Earthquake Spectra, 20(1): 225–254.
60 H. Bobadilla and A. K. Chopra (2007), Modal
Analysis for Seismic Evaluation of Reinforced Concrete
Special Moment Resisting Frame Buildings, Report No.
UCB/EERC-2007–01, Earthquake Engineering
Research Center, University of California,
Berkeley, CA.
61 A. K. Chopra and R. K. Goel (2004), “A Modal
Pushover Analysis Procedure to Estimate Seismic
Demands for Unsymmetric-Plan Buildings,”
Earthquake Engineering & Structural Dynamics, 33(8):
903-928.
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which was later extended in a major way in
Juan Carlos Reyes’ PhD thesis (2009),62 to
consider two components of ground motion.
He demonstrated the accuracy of the MPA
procedure to estimate seismic demands for
very tall concrete-wall buildings with symmetric plans and for low-rise and mid-rise
buildings with unsymmetric plans.
Eventually, the structural engineering
profession in the United States began to rely
more on nonlinear response history analysis,
perhaps because of the availability of commercial software, and now it is common to
apply these analyses to eleven ground motions
for the design of tall buildings on the west
coast of the United States and for evaluating
existing buildings. However, based on Peter
Fajfar’s work, the nonlinear static procedure in
conjunction with the inelastic design spectrum
is featured prominently in the Eurocode and
continues to be popular in Europe.

Earthquake Response of
Unsymmetric-Plan Buildings
Observations of the performance of structures
during past earthquakes demonstrate that
buildings with unsymmetric floor plans tend to
suffer greater damage. I was motivated by the
relatively frequent reconnaissance photos of
damage to asymmetric buildings, such as the
common corner-lot situation where the two
faces of the building on the streets are largely
open while the two lot-line walls are solid.
62 J. C. Reyes (2009), Estimating Seismic Demands
for Performance-Based Engineering of Buildings,
PhD Dissertation, Department of Civil and
Environmental Engineering, University of
California, Berkeley, CA.
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Initially, the work was limited to linear
systems, and this was the subject of Christopher Kan’s PhD thesis (1976).63 In the 1970s,
three-dimensional dynamic analysis of unsymmetric-plan buildings was beyond the state of
structural engineering practice. Therefore, we
developed a simplified procedure for elastic
analysis of a special class of buildings: torsionally coupled buildings idealized as shear beams
by taking advantage of characteristics common
to many multistory buildings. All floors of the
building have essentially the same geometry
in plan and the same locations for columns and
shear walls. The ratio of the story stiffnesses
in x- and y-directions is about the same for all
stories.
In the mid-1980s, we returned to the subject
of earthquake response of unsymmetric-plan
multistory buildings, with the goal of relaxing
the restriction of shear buildings to model
realistic frame or wall buildings. Reem Hejal
worked on this problem for her PhD thesis
(1987).64 Because we worked with a special
class of buildings, we were able to systematically study the influence of the system parameters that control the lateral-torsional coupling
in building response and investigate how

63 C. L. Kan and A.K. Chopra (1976), Coupled LateralTorsional Response of Buildings to Ground Shaking,
Report No. UCB/EERC 76–13, Earthquake
Engineering Research Center, University of
California, Berkeley, CA.
64 R. Hejal and A.K. Chopra (1987), Earthquake
Response of Torsionally-Coupled Buildings, Report No.
UCB/EERC-87–20, Earthquake Engineering
Research Center, University of California,
Berkeley, CA.
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plan asymmetry influenced the earthquake
response of buildings.
A major difficulty in investigating the coupled
lateral-torsional response of asymmetric-plan
systems in the inelastic range of behavior
is that many more parameters are required
to characterize such systems compared to
their elastic counterparts, making it difficult
to develop a succinct understanding of the
dynamics of these systems.
Rakesh Goel’s PhD thesis (1990)65 was aimed
at understanding the inelastic response of
asymmetric-plan systems and to arrive at
widely applicable conclusions, which could
provide a basis for improving torsional provisions in building codes. Based on the response
results for a wide range of system parameters,
we identified how the structural response is
affected by plan asymmetry and how these
effects differ between elastic and inelastic
systems. One of the more significant results
was that the plan asymmetry has less influence
on the response of inelastic systems compared
to its effect for linearly elastic systems.
Comprehensive understanding of the dynamics of unsymmetric-plan buildings remained
elusive because the number of system
parameters influencing their response is large.
To overcome this challenge, Juan Carlos de
la Llera, in his PhD thesis, (1994)66 developed
65 R. Goel and A. K. Chopra (1990), Inelastic Seismic
Response of One-Story, Asymmetric-Plan Systems,
Report No. UCB/EERC-90/14, Earthquake
Engineering Research Center, University of
California, Berkeley, CA.
66 J. C. De la Llera and A. K. Chopra (1994),
Accidental and Natural Torsion in Earthquake Response
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a new conceptual framework to study the
inelastic response of unsymmetric-plan
buildings based on time variation of base shear
and base torque, and base-shear-torque (BST)
surface for the building, which represents all
combinations of shear and torque that applied
statically led to collapse of the structure. This
approach of examining combinations of base
shear and base torque led to a new model for
preliminary analysis and design of multistory
buildings. This conceptual and computationally less demanding framework provided a
basis to answer, without complex nonlinear
dynamic analyses, practical issues concerning
the design and retrofit of unsymmetric-plan
buildings.
We utilized this simplified model to study
the three-dimensional dynamic response of
a seven-story reinforced concrete building
that was damaged during the 1994 Northridge
earthquake. This investigation demonstrated
that symmetric-plan buildings with perimeterframe structural systems may undergo significant torsion once damage is initiated. Although
the building is nominally symmetric, damage
may be initiated on one of the perimeter
frames, resulting in a major shift of the center
of rigidity, thus creating an unsymmetricplan system for subsequent duration of the
earthquake.

Torsion in Symmetric Buildings
The second half of Juan Carlos de la Llera’s
PhD thesis was focused on torsion that may
be experienced by nominally symmetric-plan
and Design of Buildings, Report No. UCB/EERC94/07, Earthquake Engineering Research Center,
University of California, Berkeley, CA.
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buildings, as demonstrated by motions of
buildings recorded during earthquakes.
Known as accidental torsion, this subject is
not amenable to investigation by traditional
analytical approaches because standard
dynamic analyses would not predict torsion in
symmetric-plan buildings.
We investigated the increase in building
response due to the following sources of accidental torsion: (1) rotational (about the vertical
axis) motions of the building foundation;
(2) uncertainty in the stiffness of structural
elements; (3) uncertainty in the location of the
center-of-mass, and (4) uncertainty in stiffness
and mass distributions in stories of a building
other than the one analyzed. This work led to
a plot of increase in displacement at the edge of
the building plan versus the ratio of uncoupled
torsional to lateral vibration frequencies due to
the combined effect of all sources of accidental
torsion.
This analytical result was evaluated against
measured accidental torsion determined from
motions of 12 buildings—with nominally symmetric plan—recorded during the Northridge
(1994), Loma Prieta (1989), Whittier (1987), and
Upland (1990) earthquakes. We demonstrated
that the analytical estimates are consistent
with accidental torsion “recorded” during
earthquakes.

Building Code
Provisions for Torsion
U.S. building codes and design
recommendations for torsion specify that the
lateral force be applied at the center of mass,
i.e., eccentric relative to the center of rigidity,
and that this force be shifted through 5%
64

of the plan dimension along both axes. The
stiffness eccentricity is intended to account
for the coupled lateral torsional response of
the building arising from lack of symmetry in
plan. The additional 5% of the plan dimension
is intended for accidental torsion, which is to
be considered in the design of buildings with
unsymmetric plans as well as symmetric plans.
Rakesh Goel and I demonstrated that codedesigned unsymmetric-plan buildings may
not remain elastic during moderate ground
motion, resulting in structural damage, and
they may experience ductility demands in
excess of the design ductility, causing excessive
damage during intense ground motion. A dualdesign approach was developed to satisfy the
design requirements for both levels of ground
motion.
Juan Carlos de la Llera and I demonstrated that
the code-static analysis procedure for accidental torsion gives estimates totally different than
analytical estimates or code-dynamic analyses.
For both code-static and code-dynamic analyses to be mutually consistent, we developed
a unique design envelope for the increase in
edge displacements due to accidental torsion,
based on the analytical results described
earlier.
We were happy with our work, especially
because we were able to validate the procedure
against motions of 12 nominally symmetricplan buildings recorded during earthquakes.
However, it did not seem to impress the
structural engineering profession; they have
continued to use the code-specified procedures with all the inconsistencies cited earlier.
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Period Formulas for Buildings
The fundamental vibration period of a building appears in the equation specified in building codes to calculate the design base shear and
lateral forces. Because this building property
cannot be computed for a structure that is not
yet designed, building codes provide empirical
formulas that depend on the building material
(steel, reinforced concrete, etc.), building type
(moment-resisting frame, shear wall, etc.), and
overall dimensions. In 1996–1997, Rakesh Goel
and I compiled a database of vibration periods
of buildings “measured” from their motions
recorded during nine California earthquakes,
including the 1994 Northridge, 1989 Loma
Prieta, and 1971 San Fernando earthquakes. We
estimated the periods of 21 buildings by system
identification methods applied to motions of
buildings recorded in the Northridge earthquake. These data were combined with similar
data obtained by other researchers from their
motions recorded during other earthquakes
to develop a database for 106 buildings. By
regression analysis of the data, we developed
improved formulas for estimating the fundamental period of reinforced concrete MRF,
steel MRF, and reinforced concrete shear wall
buildings.
This research, although not especially sophisticated or intellectually challenging, turned
out to be useful. The period formulas we
developed were adopted in building codes in
the U.S.
Vibration period data should continually
be developed for additional buildings when
records of their motions during future
earthquakes become available. Although not
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glamorous, such research should be funded
because it is useful to the profession.

Simplified Dynamic
Analysis for Building Codes
Ernesto Cruz (PhD, 1985)67 developed simplified methods of dynamic analysis that are
suitable for application in building codes.
As part of this work, formulas for base shear,
height-wise distribution of lateral forces, and
computation of overturning moments specified
in three design documents—the Uniform
Building Code, Mexico’s Federal District
Building Code, and ATC-3 design provisions—were evaluated in light of the results of
dynamic analysis of buildings. We developed
an improved procedure, which recognized the
influence of these parameters, to compute the
earthquake forces for the initial, preliminary
design of buildings. We thought that the
procedure we developed represented a major
conceptual improvement over present building
codes with very little increase in computational effort. However, this work did not have
any influence on the subsequent development
of building codes.
That said, many of the results developed by
Ernesto Cruz enhanced our understanding of
how earthquake response of buildings is influenced by system parameters. These results
were of pedagogic value and were featured in
Chapters 19 and 22 of my Dynamics of Structures
textbook.
67 E. F. Cruz and A. K. Chopra (1985), Simplified
Methods of Analysis for Earthquake Resistant Design
of Buildings, Report No. UCB/EERC-85/01,
Earthquake Engineering Research Center,
University of California, Berkeley, CA.
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Response of Structures with
Foundation Uplift
Several examples of towers and oil tanks
uplifting from the underlying soil during
the Kern County (1952), Alaska (1964), and
Imperial Valley (1979) earthquakes have
been cited. Uplift of multistory building
foundation has rarely been observed because
the foundation-soil interface is often inaccessible for observation. If I recall correctly,
it was at a SEAONC meeting that I heard
Henry Degenkolb say that the design ground
motions were becoming so intense that the
computed value of the base overturning
moment often exceeded the available overturning resistance due to gravity loads; thus,
the building foundation had to be anchored
to the ground.
A couple of researchers had already studied
the problem analytically and a PhD student
of Ray Clough’s had conducted experiments
on a steel moment-resisting frame on the
shaking table at Berkeley. The analytical
studies demonstrated that foundation uplift
(or tipping) leads to significant reduction in
structural deformations, and the experimental investigation demonstrated that allowing
column uplift under an extreme earthquake
would enhance the chances of a structure
surviving in a functional condition, with
damage held to a minimum. The flexibility
of the supporting soil was ignored in these
analytical studies; it was not incorporated in
the shaking table tests either.
Including soil flexibility, Solomon Yim for
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his PhD research68 studied the effects of
foundation uplift on structural response for
mat foundation buildings using a range of
parameters wider than considered before. We
were able to develop a better understanding of
the dynamics of the system.
We found it very interesting that the response
behavior of structures was simple when their
foundation mat was permitted to uplift even
though the system is nonlinear. In particular,
the maximum base shear of uplifting structures did not depend significantly on the
details or intensity of the ground acceleration,
but was controlled by the base shear at which
tipping of the foundation is initiated, which
is known a priori, because it is given by an
equation based on simple static analysis.
This realization enabled us to develop a simplified procedure to estimate the design forces
and deformations directly from the earthquake
response (or design) spectrum without the
need for nonlinear dynamic analyses.

Estimating Seismic Response
of Base-Isolated Buildings
Keri Ryan (PhD, 2004)69 worked on estimating
seismic demands on base-isolated buildings,

68 C-S. Yim and A. K. Chopra (1983), Effects of
Transient Foundation Uplift on Earthquake Response
of Structures, Report No. UCB/EERC-83/09,
Earthquake Engineering Research Center,
University of California, Berkeley, CA.
69 K. L. Ryan and A. K. Chopra (2005), Estimating the
Seismic Response of Base-Isolated Buildings including
Torsion, Rocking and Axial-load Effects, Report No. UCB/
EERC 05-01, Earthquake Engineering Research
Center, University of California, Berkeley, CA.
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including torsion, rocking, and axial load
effects. I will mention a part of her work that
lends itself to explanation without getting
overly technical.
Although base-isolated buildings are
designed using dynamic analysis, current
code provisions require that design values of
the earthquake-induced lateral deformations
and forces do not fall below minimum values
determined by a simpler procedure. Isolation systems are strongly nonlinear, but this
procedure estimates the isolator deformation
by simplified approximate methods based on
iterative analysis of a sequence of equivalent
linear systems.
We developed a procedure to estimate directly
(without iteration) the peak response of a
lead-rubber bearing isolation system. Based on
results of rigorous nonlinear response history
analysis (RHA), we were able to develop
design equations for isolator deformation.
These design equations gave results that were
consistent with those from nonlinear dynamic
analysis, whereas the equivalent linear method
underestimated the deformation by up to
50%. Subsequently, the design equations
were extended to unsymmetric-plan buildings. Finally, these concepts were applied to
buildings isolated with friction pendulum (FP)
systems.
Despite all the evidence that the simplified
methods in building codes significantly
underestimate isolator deformations and FP
isolator slip, code procedures have remained
essentially unchanged. Although I did not
continue any research on base-isolated
buildings, Keri Ryan has served on code
committees for several years. It appears that
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the equivalent linear method is entrenched,
although design equations founded in the
results of nonlinear dynamic analysis are
available to estimate isolator deformation
directly. Furthermore, code committees seem
reluctant to characterize ground motions
by peak ground velocity, although this is a
better intensity measure than peak ground
acceleration for long-period systems such as
base-isolated buildings.

Ground Motion
Selection and Modification
The subject of ground motion selection and
modification has been a “hot” topic of research
since the early 2000s. Motivated by nonlinear
response history analysis of multistory buildings, much of the work has been restricted to
a single component of ground motion (GM).
With the same restriction, Simon Kwong
investigated in his PhD thesis in 2015 70 several
issues that arise in selecting and scaling of
ground motions for estimating seismic demand
hazard curves for multistory buildings.
It is now widely recognized that the Uniform
Hazard Spectrum (UHS) for a site, which is
determined from probabilistic seismic hazard
analysis (PSHA), is overly conservative and is
not representative of individual ground motion
spectra; thus, the UHS is not an appropriate
target for selecting GMs to be used in dynamic
analysis of structures. The conditional mean
70 N. Simon Kwong and A. K. Chopra (2015),
Selection and Scaling of Ground Motions for Nonlinear
Response History Analysis of Buildings in PerformanceBased Earthquake Engineering, PEER Report No.
2015/11, Pacific Earthquake Engineering Research
Center, University of California, Berkeley, CA.
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spectrum (CMS) has been developed by
researchers as a target spectrum that overcomes some of the drawbacks of the UHS.
Representative of recorded ground motions,
the CMS is appropriate as a target spectrum
for structures whose response is dominated by
the first mode of vibration. However, multiple
modes of vibration generally contribute
significantly to the response of several classes
of structures, e.g., tall buildings and concrete
dams. We developed the CMS-UHS composite spectrum, which combines features of
the CMS and UHS, as an alternative target
spectrum, and demonstrated its effectiveness.
Based on judgment and heuristic notions, the
current practice of selecting two horizontal
components of ground motion for nonlinear
RHA of multistory buildings is restricted to
those with a symmetric plan. We extended the
CMS-UHS composite spectrum to bidirectional ground motions in a form applicable to
symmetric-plan as well as unsymmetric-plan
buildings. We demonstrated that relative to
estimates of demands from current practice,
those from the composite spectrum are more
accurate, require half the computational effort,
and are associated with a single earthquake
scenario. The composite spectrum is easy to
construct with existing PSHA tools.

Soil-Structure Interaction
Starting in the 1970s, soil-structure
interaction was a hot topic for research
because of great interest in developing
nuclear energy. Soil-structure interaction
(SSI) is usually of profound importance in
the earthquake response of nuclear power
plants. I got interested in understanding the
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interrelationship between two seemingly
disparate approaches: a substructure method
and the finite-element method. This topic
became the subject of Jorge Gutierrez’s PhD
thesis completed in 1976.71
Jorge Gutierrez developed a general substructure method for earthquake analysis of structures including soil-structure interaction. The
method applied to all types of models for the
structure, including a finite-element model,
and to soil domains modeled as a viscoelastic
half-space or a finite-element system. The
earthquake excitation was defined by the
free-field ground motion at the structuresoil interface. This work provided a unified
framework for SSI analysis.

Estimating Seismic Demands
on Bridges Crossing Fault
Rupture Zones
Sometime in the early 2000s, CalTrans
[California Department of Transportation]
discussed with me their desire to develop a
procedure for analysis of ordinary bridges
crossing fault rupture zones. I was surprised
to learn that as many as 5% of all bridges
in California may either cross faults or are
located very close to fault-rupture zones.
Bridges crossing fault-rupture zones will
experience ground offset across the fault and
hence spatially varying ground motion. While
site-specific seismological studies to define
spatially varying ground motions and rigorous
71 J. A. Gutierrez and A. K. Chopra (1976), A
Substructure Method for Earthquake Analysis of
Structure-Soil Interaction, Report No. UCB/EERC76/09, Earthquake Engineering Research Center,
University of California, Berkeley, CA.
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nonlinear response history analysis (RHA) are
necessary for important bridges on “lifeline”
routes, such investigations may be too onerous for “ordinary” bridges whose design is
governed by the CalTrans Seismic Design
Criteria (SDC). CalTrans wanted us to develop
a simplified procedure suitable for the SDC.
First, we had to define ground motions at
bridge supports in close proximity to the
fault because such motions have never been
recorded at such fine spacing. Douglas
Dreger,72 who collaborated with me on this
project, was responsible for developing a
procedure to simulate ground motions (in-fault
parallel, fault-normal, and vertical directions).
Rakesh Goel and I worked on the earthquake
analysis part of the project. We demonstrated
that the seismic demands could be estimated
to a useful degree of accuracy by superposing
the peak values of the quasi-static and dynamic
parts of the response.
Three approximate procedures were developed to estimate the dynamic part of the
response: modal pushover analysis (MPA),
linear dynamic analysis, and linear static
analysis. In the first two procedures, the
dynamic demand due to forces corresponding
to the most-dominant mode was estimated.
In the third procedure, the peak dynamic
demand was estimated by linear static analysis
of the bridge due to lateral forces appropriate
for bridges crossing fault-rupture zones. The
three approximate procedures were shown
to provide estimates of seismic demands that

72 Professor of Geophysics, Department of Earth

& Planetary Science, University of California,
Berkeley.
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were accurate enough to be useful for practical
applications. The linear static analysis procedure, which is much simpler than the other two
approximate procedures, was recommended
for practical analysis of “ordinary” bridges
because it eliminates the need to compute
mode shapes and vibration periods of the
bridge.
As a result of our work on highway bridges
in fault zones, the prevailing method was
abandoned and the procedures we developed
were adopted into the CalTrans seismic design
practice.

Estimating Intensity
of Ground Shaking
Toward the latter part of the nineteenth
century and in the early part of the twentieth
century, before instruments had been
developed to record strong ground motions,
procedures were proposed to estimate the
intensity of ground shaking from its observed
effects on tombstones and monumental
columns, whether they overturned or
remained standing. Formulas were derived to
calculate the ground acceleration necessary
to overturn a block of given dimensions. The
great interest in this approach led to a proposal
for its use in seismological observatories
to determine the peak ground acceleration
during earthquakes. The idea was to erect
a family of columns, all with rectangular
sections but varying in slenderness ratio.
When subjected to ground motion, some of
these columns might overturn; others would
remain standing. From such information, using
the above-mentioned formulas, the maximum
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ground acceleration could be estimated.
However, for various reasons, these estimates
were not reliable.
In the late 1970s, I was intrigued by this idea
and wanted to explore it utilizing Housner’s
famous paper on dynamics of rocking blocks73
with more realistic models of ground motion.
Although a few hundred ground-motion
recordings had been obtained by then, wide
gaps existed in the collection of strong-motion
accelerograms. The most prominent gap was,
and still is, in records from large-magnitude
earthquakes at short distances. Thus, estimates of ground acceleration based on the
approach mentioned earlier could supplement
the modern recorded data, which would be
useful in specifying design earthquakes of
very long return periods, suitable for nuclear
power plants and major dams near population
centers. Available for such calculations is a
wealth of historical information from seismic
areas of the world, which were the centers
of the ancient Roman, Greek, Chinese, and
Indian civilizations. Some of the historical
monuments in these areas were destroyed by
earthquakes, others withstood many destructive earthquakes.
Chik-Sing (Solomon) Yim and I worked on
this problem in collaboration with Joe Penzien,
who brought to the problem his expertise on
probabilistic methods. Although intellectually
very interesting, our work led to a negative
conclusion. We discovered that the rocking

73 G. W. Housner (1965), “The Behavior of Inverted
Pendulum Structures During Earthquakes,
“Bulletin of the Seismological Society of America, 53(2):
403–417.
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response of a block was very sensitive to small
changes in its size and slenderness ratio and
to the details of the ground motion; hence,
systematic trends with change in size and
slenderness remained elusive. In contrast,
systematic trends were observed when the
problem was studied from a probabilistic point
of view with the ground motion modeled as a
random process.
Probabilistic estimates of the intensity of
ground shaking could be obtained from its
observed effects on monuments, minarets,
tombstones, and other similar objects. However, these estimates would not be precise
because the response of a rocking block is
extremely sensitive to variations in system
parameters, contact conditions between the
base of the block and the ground, and ground
motion details.

Peak Response to MultiComponent Ground Motion
The response spectrum analysis (RSA)
procedure provides an estimate of the peak
value of a response quantity due to individual
components of ground motion. You will
recall that Emilio Rosenblueth developed
the fundamentals of the RSA procedure for a
single component of ground motion. Recognizing that individual peaks due to the three
components of ground motion do not occur
simultaneously, the question arises how they
can be combined to estimate the peak response
to all three components of ground motion.
Perhaps not surprisingly, Rosenblueth was the
first to tackle this question comprehensively in
a 1977 paper; about the same time, Newmark
had proposed a combination rule as part of
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his consulting work on the Trans-Alaska
pipeline system. This work was the basis for
combination rules specified in building codes,
often referred to as “percent rules.” According
to this rule, the critical response is estimated
as the sum of peak response due to excitation
in one direction and some fraction, 30% or
40%, of the peak responses due to excitations
in the other two directions.
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Oscar Lopez74, who completed his PhD with
me in 1978, spent a sabbatical leave (around
the year 2000) at UC Berkeley, and we
collaborated in estimating the peak response
of structures to multi-component ground
motion. He derived an explicit equation for the
critical response to multi-component ground
motion. In this formula, the critical response
was expressed in terms of the peak responses
to the three components of ground motion
considered one at a time.

74 Professor, Facultad de Ingenieria, Universidad
Central de Venezuela, Caracas, Venezuela.
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Earthquake
Engineering
and Structural
Dynamics Journal
In the early years, earthquake engineering research
programs existed in relatively few countries, and
within each country at relatively few universities. Now
we receive papers from many countries.
Reitherman: What led to your appointment as Editor of Earthquake Engineering and Structural Dynamics?
Chopra: Earthquake Engineering and Structural Dynamics was
launched in 1972 as the official journal of the International Association for Earthquake Engineering. At the time, George Housner was
the President of IAEE. The founding editors of the journal were
Ray Clough (1920–2016) and Geoffrey Warburton75 (1924–2009). In
the mid-1980s, Professor Clough invited me to serve on the Editorial Board, with the understanding that, on his retirement (1988),
75 Professor of Engineering, University of Bristol, U.K.
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I would serve as the Associate Editor. When
Warburton retired in 1996, I was appointed as
the Editor.
Reitherman: How have the published
papers changed over the years in terms of
numbers submitted and their geographical
distribution?
Chopra: The journal started with four issues
per year; now we publish 15. In the early years,
earthquake engineering research programs
existed in relatively few countries, and within
each country at relatively few universities.
Now we receive papers from many countries.
In recent years, the number of papers from
China has increased dramatically. We now
receive roughly 600 papers per year. No limit
is imposed by the editors or the publisher on
the number of papers to be published. Decisions are based on review comments and on
evaluation by the editors.
Reitherman: Is the peer review process
effective in selecting high-quality papers?
Chopra: The reviewers play a key role in
ensuring the quality of the journal. We select
reviewers most qualified to evaluate each
paper. They are often the busiest people,
and I plead with them to submit reviews in a
timely fashion. I am willing to compromise
on the schedule, but not on the quality of the
reviewers.
The editors strive to be fair to the authors
and the reviewers. We spend a lot of time on
the journal. As you know, the current team
includes Masayoshi Nakashima, Michael
Fardis, and Michael Constantinou. Peter Fajfar
was a part of the team for over ten years until
he phased out a couple of years ago.
74

Reitherman: How has the nature of research
being reported evolved over the years?
Chopra: Earthquake engineering is now a
mature field. As a result, most papers do not
report on a major advance. In contrast, in the
early years of the journal, this field was wide
open with many problems crying out for a
solution. This situation led to many more
papers that were highly influential.

Historical Notes
Reitherman: Several decades after the
journal started in 1972, you introduced a series
of commissioned papers on historical issues.
Chopra: The idea of publishing papers on
the early history of seminal topics in earthquake engineering originated in a conversation
with Claire Johnson, who assists me in my
work on the journal. With her it is more like
a collaboration rather than mere assistance
because she knows the field and the people in
the field. We were lamenting about the lack
of awareness among many contemporary
researchers about groundbreaking publications
on a topic, and hence the lack of familiarity
with those who originated a concept and were
key in its early development. We got this
impression because occasionally authors were
investigating issues that had been resolved
very early.
You are right in that we commission such
papers. We do not allow unsolicited submissions in this series.
Reitherman: Describe the concept underlying this series of papers.
Chopra:

We announced the debut of the
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Historical Note series in June 2006. Its aim was
to record the origin of concepts in earthquake
engineering and structural dynamics that were
integral to the development of research and
practice, as it is known today. We see these
notes as distinct from review or state-of-theart papers. These short papers are intended not
only to capture the technical side of the early
development, but also give insight into the
researchers and academics behind the evolution of these concepts: the human side.
Authors are expected to conduct bibliographical research and identify original developers.
The authors are encouraged to communicate
with the original developers, if they are available. For objectivity and balance, the manuscripts are reviewed by the original developers
(where possible) and additional reviewers
chosen by the editors as appropriate.
I prepared the first paper in the series to
provide an example of what the editors had in
mind. The topic chosen was “Elastic Response
Spectrum.” I recorded the origins and early
development (up to the late 1960s) of this topic.
Although the basic theory was laid out in the
1932 PhD thesis by Maurice A. Biot (supervised
by Theodore von Karman) at Caltech, George
Housner nurtured the concept and developed
methods to determine the response spectrum
for a given ground motion. Most importantly,
he showed how the response spectrum plays
a central role in earthquake engineering. My
paper documented the respective contributions of these two pioneering researchers, and
their significance.
Reitherman: Have these early history
papers produced any new revelations?
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Chopra: Very much so. Based on published
evidence, each of these papers has attempted to
provide credit where it is due.
For example, take Robin McGuire’s paper,
“Probabilistic Seismic Hazard Analysis: Early
History.”76 . Until this paper was published,
the commonly held impression was that this
concept and methodology originated in 1968
with Allin Cornell’s paper in the Bulletin of the
Seismological Society of America. However, his
work was influenced by work being done by
Luis Esteva at UNAM (who was Rosenblueth’s
student), where Cornell spent a sabbatical
leave in 1966. The serendipitous combination
of the complementary viewpoints of these two
pioneering researchers was the key to developing the subject as we know it today.
Michael Fardis’s77 paper, “Capacity Design:
Early History,” is especially revealing. Many
had the impression that Tom Paulay was the
“father” of this idea. However, bibliographic
research and correspondence with Mete Sozen
and Les Megget from New Zealand revealed
a more complex story. It turned out that the
basic concept was laid out in the 1961 book
by Blume, Newmark, and Corning, Design
of Multistory Reinforced Concrete Buildings for
Earthquake Motions, with pertinent sections
written by Mete Sozen. This is recounted in

76 Robin K. McGuire (2007), “Probabilistic Seismic
Hazard Analysis: Early History, Earthquake
Engineering and Structural Dynamics, 37(3): 211–234.
77 Michael Fardis (2018), “Capacity Design: Early
History,” Earthquake Engineering and Structural
Dynamics, 47: 2887–2896.
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Sozen’s oral history.78 The basic concept was
included in the 1967–1968 revisions of the
Structural Engineers Association of California
(SEAOC) recommendations. These ideas were
used by John Hollings, a structural engineer in
New Zealand, to develop a logical step-by-step
procedure for ensuring that yielding occurred
in chosen regions, specially designed to be
adequately ductile. Subsequently, Tom Paulay
developed capacity design into a holistic
approach for the control of inelastic seismic
response and promoted it widely.
Reitherman: In 2005, for an event honoring
Luis Esteva, you remarked on his involvement
in the journal.
Although I had known Luis Esteva for many
years, the opportunity to work closely with
him came only a few years ago when he became
President of the International Association for
Earthquake Engineering (IAEE). I interacted
with Luis in my role as Editor of Earthquake
Engineering and Structural Dynamics, the official
journal of IAEE. During the period 2002–2004,
the journal underwent major changes, which
involved difficult negotiations with other
organizations.

Say a few words about that time in the journal’s
history.
Chopra: Since its inception in 1972, EESD
had been the official journal of the IAEE. In
1996, while Geoffrey Warburton was the General Editor, the International Association for

78 Connections: Mete A. Sozen. The EERI Oral History
Series, Robert Reitherman and Robert D.
Hanson, interviewers, Earthquake Engineering
Research Institute, Oakland, CA, 2018.
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Structural Control (IASC) expressed interest
in participating. The scope of the journal was
expanded to include structural control. With
this expanded scope, the journal was designated as the official journal of two associations,
IAEE and IASC. After several years of this
experiment, I realized that this “marriage” was
not working out well for earthquake engineering. Luis Esteva (as President of IAEE at the
time) and I had to negotiate with the publisher
that we wanted to focus on earthquake engineering and convinced them to start a separate
journal, Structural Control and Health Monitoring.
In 2005, the journal returned to its roots. Luis
Esteva was very helpful during this difficult
time.
People have commented about my long service
to the journal. It would have not been possible
without the assistance of Claire Johnson, who
has worked with me on the journal for over 20
years.

Chapter 12

Changes in the
Earthquake
Engineering Field
The golden era of earthquake engineering research
started in the 1960s, and I happened to be at the
right place at the right time. I could not have wished
for a better career.

Reitherman: Earlier you discussed your research on dams, and
we added up the number of related PhDs to be 11, most of which
were in a timespan extending over 25 years. You have described
how that continuity of doctoral student work with you formed the
building blocks leading to the evolution of seismic analysis procedures. In essence, the individual investigator applies for a grant and
gets the funding for the PhD student’s cost, for laboratory work,
for whatever else is needed; you publish your results; and then you
write another proposal to advance another step and submit it for
peer review, where the quality of the past work is one of the key
review criteria. If that’s a fair description of the individual investigator model of research, let me ask how that approach was affected
when the earthquake engineering centers began, and NSF funded
a different model.
77
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Chopra: Since the start of modern earthquake engineering, the standard research
model was individual professors, sometimes
a couple of professors, working with graduate
students. All the work that forms the foundation of earthquake engineering had resulted
from such a research model. However, for
reasons unknown to me, in the mid-1980s,
NSF decided to abandon this model and
dedicate a major part of its budget for earthquake engineering to a new concept— the
research center. The first National Earthquake
Engineering Center was awarded in 1986 to
the State University of New York at Buffalo,
SUNY for short, which at that time was not
well known in earthquake engineering. The
proposal submitted by a group of universities
in California was unsuccessful, despite the fact
that we had a stellar group of researchers who
were the originators of much of the important
work in the field.79
Let me just say a bit more about centers before
we get to your question. The National Science
Foundation funded the center at SUNY for ten
79 NSF’s decision-making process was formally
investigated by the General Accounting Office.
The NSF earthquake center decision has been
the subject of at least two publications: (1) Robert
Bell, Impure Science, John Wiley, New York, 1992,
Chapter 2 (pp. 37–71) “Handing Out the Big
Money: Neither Science nor Sense” is devoted to
the behind-the-scenes history of NSF’s decision.
(2) Robert Olson, To Save Lives and Protect Property:
A Policy Assessment of Federal Earthquake Activities
1964–1987, Final Report to FEMA, November
1, 1998. Appendix C (pp. 183–206) “The NSF
Earthquake Engineering Research Center, A Tale
of Two States” is another assessment of the factors
influencing NSF’s decision on the earthquake
centers.
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years, and in 1997—if I recall correctly—NSF
convened a workshop of some 40 members of
the earthquake engineering community. They
were invited to Washington DC to discuss
whether NSF should return to the original
research model or continue to support one or
more centers. Some of the attendees, including
me, argued that centers have a role to play, but
only as a complement to individual investigator research. We argued that the centers should
be funded by new monies, not by redirecting
existing funds, in order to preserve funding for
individual investigators.
Despite all this discussion, NSF decided to
fund three centers from the existing budget,
further reducing funding for individual
investigators: The Multidisciplinary Center
for Earthquake Engineering Research
(MCEER) at SUNY, Buffalo, the Mid-America
Earthquake Center (MAE) at the University
of Illinois at Urbana Champaign, and the
Pacific Earthquake Engineering Research
Center (PEER) at the University of California,
Berkeley. Each center formed a consortium
consisting of public and private universities.
The creation of these centers led to major
changes in the earthquake engineering
research scene. A diversion of a major part
of the existing NSF budget for earthquake
engineering to the centers had the effect of
drastically reducing funding available to
individual investigators. As a result, NSF could
fund very few of the individual investigator
proposals they received. One year, I served on
a panel to review some 140 proposals, out of
which only four were funded.
The other implication of these developments
was that some of the centers seemed to operate
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as clubs, in the sense that researchers were
hand-picked to receive funds with essentially
very little, if any, peer-review process, and this
was totally contrary to the tradition at NSF,
where the peer review process was the basis
for allocating funds. As a result of all these
changes, many deserving researchers did not
receive funding from the centers. This had
the effect of terminating or diminishing the
research programs of established researchers
with a proven track record. Even worse was the
effect on many younger researchers who were
still trying to establish themselves and advance
in the academic system, but for reasons
unknown had not been invited to be a part of
the clubs.
Reitherman: I remember hearing some
professors who had been in the earthquake
engineering field for many years saying they
found that they couldn’t get any earthquake
engineering research funding anymore. The
situation where less than 5% of the proposals
are funded, and not being at a university that
was part of a center, led some to migrate out of
the earthquake engineering field. They started
to become more interested in blast engineering or other subjects where at least some of
their seismic engineering knowledge could be
applied.
Chopra: I’m sure such migration occurred.
Not only did this happen to faculty members
at a university that was not part of any center,
but it also happened to people who were at
universities that were part of a center.
Another implication was that that centers supported research that was consistent with the
announced themes of each center. Research
funds were directed toward the goals of the
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three centers, which were defined at the time
of their establishment, at the expense of other
subfields of earthquake engineering that were
important in their own right. In the United
States, some of these subfields have remained
essentially dormant since 1990. This resulted
in a lopsided development of earthquake
engineering where certain disciplines saw
great strides at the expense of others that were
equally important if not more important.
For example, funding for research in
earthquake engineering for concrete dams
disappeared. Han-Chen Tan was the last
PhD student for whom I had NSF funding for
research on concrete dams. He finished his
research in the mid-1990s, which is mentioned
earlier (Chapter Nine). After that, I was not
able to work on that topic until Jinting Wang,
a young professor from Tsinghua University,
Beijing, visited me for a year. This was around
2008, and we were able to make significant
progress and solved an outstanding problem.
Then Arnkjell Lokke80, a PhD student at
the Norwegian University of Science and
Technology, came with his own funding
for research on concrete dams; he finished
his PhD research with me in 2018. Major
problems remain to be solved, but funding
for research is just not available in the U.S. In
contrast, China continues to invest in research
on this topic.
Reitherman:

Perhaps we should explain

80 A. Løkke and A. K. Chopra (2019), Direct-FiniteElement Method for Nonlinear Earthquake Analysis
of Concrete Dams Including Dam–Water–Foundation
Rock Interaction, PEER Report No. 2019/02, Pacific
Earthquake Engineering Research Center,
University of California, Berkeley, CA.
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how PhDs in civil engineering are typically
financed, and how the funding has to match the
duration of the degree programs of the doctoral students. A one-year or two-year grant is
not long enough. The PhD student has to work
for perhaps three years?

who in another era would be able to contribute
to the body of research or challenge research
results. I don’t know whether these consequences of the center model were anticipated,
but certainly as an outsider, this is what I
observed.

Chopra: Typically, after completing a oneyear master’s degree, a student starts on a PhD
topic. The salary and expenses for research
students, which consist of a stipend plus their
fees, all come out of a research grant. My goal
was to make the students’ PhD research an
integral part of the research project. That was
the optimal solution instead of the student
working on two different topics, one to earn
money and the other for PhD research.

The center model also tends to produce
journal articles that are the product of the
collaboration among several researchers at
different institutions, which produces a cadre
of researchers who have all published together
over the years. Because these centers receive
the lion’s share of all funding, there is a dearth
of academics who can actually act as independent peer reviewers. As editor of the journal
Earthquake Engineering and Structural Dynamics, I
ran into this problem repeatedly.

Reitherman: Maybe you could expand on
what you touched on earlier, that in addition to
the effect of the center model drying up funds
for individual principal investigators, it dried
up funds for some research topics.
Chopra: I have already mentioned that
funding for research on earthquake engineering for concrete dams dried up. The center
model had a profound influence on the nature
of research. While the center approach has
led to the advancement of certain ideas and
methods, alternative ideas did not see the
light of day. This is the downside of directed
research. It throttles the development of ideas
and competition among ideas that results in
the most promising ones rising to the top. The
long-term consequence is what you might call
a bandwagon effect, in the sense that many
people are following the same approach, and
hence, there is nobody to challenge what is
happening. The research remains insular with
little input coming from other researchers
80

Reitherman: I think it is true that NSF had
a goal of spreading earthquake engineering
funding around the country and diffusing
the knowledge, rather than focusing it on
the experienced researchers in California,
and there was some positive effect in that
regard by placing one center in New York
and another in Illinois. Arguing against that
premise is the fact that many PhDs produced
in California were already ending up in
teaching positions at various universities
around the country, diffusing the knowledge.
Over the past several decades there has been
a growth in the need for a civil engineering
department to teach earthquake engineering
even if the university is located in a lowseismic region, simply to keep up to date with
what the graduating civil engineers will face
in their careers. A master’s course devoted to
earthquake engineering, actually two such
courses, one on geotechnical aspects and one
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on the structural side, is now something of a
requirement for a major university in the U.S.
to be able to have a complete civil engineering program. That trend probably would have
happened to some extent with or without
centers.
Chopra: I know so little about the centers
because I did not receive funding from any of
them, nor was I invited to participate in any
review or oversight capacity. I believe that
centers have a role to play, and one can argue
that centers can bring researchers together,
integrate researchers around one topic, and
make a difference in an important problem to
society. I understand that, but it is still important to encourage research ideas independent
of the centers.
We should also consider the amount of funding
earthquake engineering receives in the United
States. It’s probably an order of magnitude less
than what Japan or China funds, for example.
I just don’t understand why the earthquake
engineering community, and NSF staff who
are presumably champions of earthquake
engineering, have never been able to get any
large funding. The National Earthquake
Hazards Reduction Act of 1977 moved the
funding up to, at one point, about $18 million
at NSF but never much beyond that. In fact, it
only decreased as time went on and inflation
ate at that number.
Reitherman: Is a contributing factor the
fact that for 25 years, since the 1995 Northridge earthquake, the U.S. hasn’t had a major
damaging earthquake? There have been
high-magnitude earthquakes, such as in the
Southern California desert, but nothing that
has caused a real catastrophe.
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Chopra: Well, perhaps, but was there
any major increase in funding after the
1989 Loma Prieta or the 1994 Northridge
earthquakes? No. There was a special onetime special allocation for research that was
motivated by specific issues related to each
earthquake. But I believe that the base budget
has been essentially stagnant for many years.
I seriously doubt that the base budget would
greatly increase if another damaging earthquake occurred today. Obviously, dealing
with earthquake risk is not high enough in
the list of priorities at NSF.
Reitherman: It’s interesting that if we are
only interested in the final public impact of
earthquake engineering research, you need a
pipeline to get the research results into practice. One of the primary influences that shape
practice is the building code, and since 2000,
rather than three regional model codes, there
is one, providing one target for incorporation
of research into seismic regulations. There are
some arguments for why research today would
pay off more when there is a smoothly running
Building Seismic Safety Council process for
updating the NEHRP seismic provisions
about every three years, on a schedule to allow
incorporation into ASCE-7 and the International Building Code.
Chopra: Definitely. It took about 20 years
before the major concepts and methodologies
developed in the ATC-3 project (1974–1978)
became part of NEHRP. I don’t understand
why it took so long when what we did in 1978
was not controversial; it was based on existing
knowledge, but somehow the profession took a
long time to accept those ideas. I am no expert
in base isolation, but I get the impression
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talking to people like Jim Kelly that the code
provisions and regulations have been a hindrance to the practical implementation of base
isolation in the United States. This is in stark
contrast to Japan where base isolation is much
more common.
From a different point of view, I find it a little
baffling that congress or NSF would fund $100
million for a new telescope, but would not
increase funding for natural hazard mitigation.
Earthquake engineering is one of those fields
that can make a practical difference in the lives
of people. It should be much easier to understand the importance of hazard mitigation than
it is to understand the need for a new telescope,
yet the fields of physics and astronomy are able
to get big monies, but earthquake engineering
does not.
Reitherman: John Hall, a professor at
Caltech, who was a PhD student of yours,
told me an interesting story related to your
point. There was a solicitation from NSF
that stipulated that only one proposal could
be submitted from a given university, and
any of the disciplines could compete. I
talked to him after the internal competition
at Caltech. He said his earthquake engineering proposal didn’t stand a chance. The
speaker who came before him talked about
the physics of smart dust, and you could see
that the judging panelists were enthusiastic
about such a proposal, which they found
intellectually interesting, new and advanced.
Whether such research could ever save lives
or property or improve the standard of living was not a criterion that really mattered.
Earthquake engineering sounded old school
and traditional.
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Chopra: This image of civil engineering
or structural engineering being old fashioned
exists at universities, and this also influences the allocation of faculty positions.
Civil engineering departments have been
shrinking in size all over the country. Where
have those positions gone? They have been
allocated to other departments because it is
thought they are more “intellectual” or more
“forward-looking” or more motivating to
today’s students.
In this climate, maintaining excellence in
structural engineering academia and research
is a huge challenge. That’s why I am happy to
be 78 rather than 38.
Reitherman: When I was working with Joe
Penzien on his oral history, I asked him what
he thought about the earthquake engineering
field today compared to when he was on the
faculty, and he said he was fortunate to be on
the Berkeley faculty in the golden age.
Chopra: No question about it. It’s true.
When I completed my PhD in 1966, there
were many problems crying out for a solution.
You didn’t even have to look very hard. We
were inventing terminology and notation to
formulate new problems and make original
contributions. It is difficult to feel optimistic
now because in the U.S. research funding
is scarce. Why did earthquake engineering
flourish from the mid-1960s to the mid-90s?
Funding in the U.S. was dependable at a
decent level, although much smaller than
in Japan. My generation flourished because,
even though there were never huge amounts
of funding, it was adequate to support three
or four students all the time on a continuing
basis without worrying about funding from
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year to year. The golden era of earthquake
engineering research started in the 1960s, and
I happened to be at the right place at the right
time. I could not have wished for a better
career.
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Family and
Pastimes
One of my greatest joys comes from Indian semiclassical music. Based on traditional ragas, this style
lends itself to musical renditions of Urdu poetry.

Reitherman: You’ve mentioned your wife Hamida and daughter
Nasreen. Say a few words about them.
Chopra: Hamida was born in Udaipur, in the Indian state of
Rajasthan, where she lived until she came to the United States. She
earned Master’s degrees in philosophy and in Urdu literature. I
met her in the Bay Area.
Hamida is a serious scholar of Urdu literature, prose, and poetry.
She has a large collection of books, which occupies an entire wall
in one room in our home. She has read each book in her collection,
cover to cover; some several times. Her essays on nature, her travel
experiences, and a wide variety of subjects are excellent.
She is a passionate teacher of the Urdu language and interpreter
of Urdu poetry. Over the years, many small groups have learned
from her, some coming to our home on a weekend. Although she
is not a poet, she is a master at reciting Urdu poetry, a topic we
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will return to later. She has taught the subject
at several places, including UC Berkeley and
IIT Gandhinagar. When she was teaching at
Berkeley, her student evaluations were stellar,
at times better than mine, and I was considered
a good teacher, having received Berkeley’s
Distinguished Teaching Award in 1999.

between the audience and poets. This tradition has been extended to connoisseurs of the
poetry getting together to recite the works of
their favorite poets. In the San Francisco Bay
Area, Hamida organizes such events where,
among others, I also recite poetry. But Hamida
is the big draw at any poetry event.

Reitherman: What department was she in?

Daughter Nasreen

Chopra: The Department of South and
Southeast Asian Studies.

Urdu Poetry
Reitherman: How about your own interest
in Urdu poetry? Perhaps you should explain
something about the Urdu language. I looked it
up and found it is spoken by about 180 million
people, but that’s all I know.
Chopra: Urdu is a language that started
and developed in northern India. Its script is
Arabic and the vocabulary comes from three
languages: Prakrit (the earlier language of
northern India), Farsi (Persian), and Arabic.
Just like Farsi, Urdu is a rich language, especially suited for poetry.
I was attracted to Urdu poetry during my
college days, and this interest has continued
through all these years. However, my understanding of Urdu poetry pales in comparison to
Hamida’s. Fortunately, she is always available
as a resource to help me understand difficult
words and to appreciate nuance of thought.
Reciting poetry is one of the great traditions of
the Indian subcontinent. Events are organized
where poets gather and recite their poetry.
Such events can attract a large audience,
with lively interaction among the poets and
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Reitherman:
Nasreen.

Tell us about your daughter,

Chopra: Nasreen was born in Berkeley.
She graduated from UC Berkeley. Her major
was Engineering Physics. Subsequently, she
completed her PhD in Physics at UC Berkeley.
Currently, she works at Apple. Before her
present job, she worked at Applied Materials,
HP/Agilent Technologies, and other firms in
Silicon Valley, who like to hire physics majors,
not for their subject knowledge, but for their
training in critical thinking and problem
solving.
Nasreen is the most caring and thoughtful
person I know, always willing to help not only
family and friends, but also acquaintances.
She finds redeeming qualities in every person.
Nasreen is married to Shilajeet Banerjee, who
earned undergraduate and graduate degrees
in architecture, as well as a master’s degree in
design, and is now on the Stanford faculty. He
works in the area of Systems Innovation, the
design of systems-level transformations and
solutions to systemic challenges.

Siblings
Before closing our conversation about my family, I would like to mention my siblings. Aruna,
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my younger sister, graduated with a master’s
degree in philosophy. Avinash, my younger
brother, earned graduate degrees in engineering and business. He had a successful career in
international banking. Having left home at 15
to go to Banaras and then to Berkeley, I regret
that life did not offer me more opportunities to
spend time with them.

much in India. So we decided to travel in some
part of India during every trip we made to
meet family and friends. I can now say that I
have traveled in several parts of India.

Travels

Chopra: Until I came to the United States,
I did not know about camping or hiking. This
was not common in India during the 1940s and
1950s when I was growing up. It took many
years for me to start hiking regularly, but I
never felt the slightest affinity for camping.
Roughing it is not my cup of tea.

Reitherman: What are some of the places
you have traveled to on vacation?
Chopra: We have traveled a lot. It all started
with a conscious decision after watching some
of my colleagues working all the time: Vitelmo
Bertero, Egor Popov, and Joe Penzien were
in this category. In the early 1980s, it dawned
on me that this is not the way I wanted to live.
Hamida and I decided to schedule two vacations—usually international—every year and
a long weekend trip in California every 6–8
weeks. This schedule has continued over the
years, but now we take more international trips
and fewer domestic trips.
Most of our travels are planned around
nature, but we have, of course, visited the
great cities: Rome, Florence, Athens, Isfahan,
Madrid, Istanbul, Paris, Cairo, Delhi, among
others. We wish we had visited Baghdad, Iraq,
and Damascus, Syria before 2003, when the
political turmoil and wars started. Perhaps
not fully appreciated in the Western world,
these ancient cities were once parts of Mesopotamia, also known as one of the Cradles of
Civilization.
Many years ago, it occurred to me that I had
traveled quite a lot in other countries, but not

Hiking
Reitherman: Tell me about some of the
places you’ve hiked.

We have hiked extensively in the San Francisco Bay Area. There was a time when every
year in early June we would spend a week in
Yosemite National Park; every morning we’d
start on a day hike.
Two hikes in Yosemite, both on the same
trail, are especially memorable. Just before I
started working on my textbook in June 1993,
we spent a week there knowing that I would
not have the time for any vacation for the next
15 months. One day we hiked to the top of the
Upper Yosemite Falls. It is a brutal trail, with
stretches that are like a staircase.
Reitherman: I’ve had to go up onto tall
places in my work, like the top of the Golden
Gate Bridge, but I recall vividly how my fear
of heights colored my hike up that “staircase,”
a narrow ledge with a drop-off of hundreds of
feet.
Chopra: Yes, a memorable experience. After
getting to the top, Hamida, Nasreen, and I
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rewarded ourselves with a picnic lunch. Over
this lunch, we said to each other: never again
on this trail. It was so tough for us. Later, as
I sat gazing at the magnificent mountains—
Cloud’s Rest, Half Dome, and other peaks—I
said to myself that, if I am able to complete
my book project by August 1994, I promise
to undertake this brutal hike again. That
sounds illogical to the Western psyche, right?
But this kind of thinking exists in the Indian
culture. People promise themselves to do
certain things—make a donation, undertake a
pilgrimage, or something else—if their wish is
fulfilled. Say, a near and dear family member
or a friend is cured from a terrible disease. It is
a way of thanking God.
That is the tradition where my thinking came
from. I promised to undertake a challenging
hike as my gratitude to God’s kindness in helping me finish my project. In July 1994, I was
able to send the manuscript to the publisher.
The book appeared in February 1995, and I
climbed to the top of Yosemite Falls again in
the summer of 1995. So I fulfilled the promise
to myself and to God.
We have hiked in the Canadian Rockies, the
Alps, Patagonia, and Peru, but only day hiking,
no back-country backpacking. I was delighted
when I learned about lodge-to-lodge hiking in
Nepal. Availability of lodges is what enabled
me to undertake an eight-day hiking trip in
the foothills of the Annapurna Massif in the
Himalayas that includes one peak over 8,000
meters high and 13 peaks over 7,000 meters
high. Watching the first rays of the rising sun
hit these peaks, and watching the mountain
gradually turn from black to purple to pink
to eventually white is etched in my memory.
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On this trek, I started at about 600 meters and
was able to walk up to 3000 meters; thereafter,
the lodges ended and my spoiled self walked
back. Availability of lodges is what enabled
me to hike on the Everest trek from Lukla to
Thyangboche Monastery at an elevation of
4000 meters.
Similarly, construction of lodges in the
mountains of Peru enabled me to hike the trail
to Machu Picchu, which crosses Salkantay Pass
at an elevation of 4600 meters. Again, this was
a lodge-to-lodge hike. On this trek, Nasreen
and Shilajeet (Nasreen’s husband) accompanied me.
Several years ago, I also hiked the Tour du
Mont Blanc circuit, which again was lodgeto-lodge hiking. This trek is one of the most
spectacular hiking paths through the European Alps, passing through France, Italy, and
Switzerland.

Sports
Reitherman: I believe you have a habit of
beginning your day by swimming. Say a few
words about that.
Chopra: I work out every morning at the
Oakwood Athletic Club in Lafayette, including swimming a couple of times a week. I am
an ordinary swimmer, but enjoy this relaxing
exercise.
Reitherman: Do you follow any sports? Did
you grow up a fan of a particular cricket or
other team?
Chopra: As a teenager in India, I was a fan
of cricket and field hockey, but that interest fell
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by the wayside after I came to the U.S. Here, I
followed tennis for several years.

Books
Reitherman: What are some of the favorite
books you have read?
Chopra: As you know, one of the important
events of the 20th century was India achieving
independence from the British in 1947. The
struggle for freedom over the preceding 100
years involved Mahatma Gandhi’s concept of
civil disobedience and nonviolent opposition
to British rule. These ideas influenced Martin
Luther King, Jr. and the Civil Rights Movement in the U.S.
Many, many books have been written about
this period of Indian history. Among the best is
a series of books by Stanley Wolpert, Professor
of History at the University of California, Los
Angeles. These include biographies of Gandhi
and Nehru, and Shameful Flight, which I mentioned in the opening chapter. In recent years,
I have read most of his books. Another book
I found fascinating is Freedom at Midnight by
Larry Collins and Dominique Lapierre, which
describes events around Indian independence
and partition in 1947–48. The book gives a
detailed account of the last year of the British
Raj. What makes it special is that it is based on
extensive interviews with Mountbatten, the
last British Viceroy of India, who presided over
India’s partition and independence.
The lives of great scientists and innovators
intrigue me. This interest led me to read
several books by Walter Isaacson. These
include The Innovators: How a Group of Hackers,
Geniuses, and Geeks Created the Digital Revolution,
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and biographies of Leonardo de Vinci and
Einstein. I’ve also read Alan Turing: The Enigma,
a biography by Andrew Hodges. Next, let me
mention two biographies that were especially
engaging.
One of the most engaging biographies I ever
read is A Beautiful Mind, by Sylvia Nasser. This
is the story of John Forbes Nash, Jr., mathematical genius who invented the concepts of
rational behavior and game theory, and was a
visionary of the thinking machine, and who
became a legend by the age of 30. Then he
suffered a catastrophic mental breakdown and
a harrowing descent into insanity from a bad
case of schizophrenia. Thirty years later he
began to recover and eventually won a Nobel
Prize in 1994. I was so impressed with the
underlying research and writing that I wrote
a congratulatory letter to the author, Sylvia
Nasser, Professor of Journalism at Columbia
University, who is also an economics correspondent for the New York Times.
Another biography that fascinated me is A Life
of the Genius Ramnujan. This is the story of an
Indian clerk with no formal education who
discovered beautiful ideas in mathematics. He
sent some of his work to G. H. Hardy, widely
acknowledged as the premier English mathematician of his time. Hardy realized that this
was a work of genius. He invited Ramanujan
to Cambridge. Thus began one of the most
productive and unusual scientific collaborations in history. Unfortunately, Ramanujan
died at the age of 33.
The same interest led me to read several books
by David McCullough, including The Wright
Brothers, The Great Bridge (the story of the
building of the Brooklyn Bridge), and The Path
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between the Seas (the story of the building of the
Panama Canal).
Reitherman: Any interest in chess? It’s an
ancient Indian game, isn’t it?
Chopra: Yes, it is an ancient Indian game,
but somehow I never got into chess.

Music
Reitherman: What about your taste in
music? What sorts of music do you enjoy?
Chopra: What fascinates me most about
great music is that it transcends all cultural
boundaries. Otherwise how can I, with no
exposure to Western classical music when I
came to the U.S., have immediately reacted
positively to Mozart’s piano concertos or
Johann Strauss’s “The Blue Danube?” At the
same time, I was able to enjoy the jazzy music
of Louis Armstrong and Dave Brubeck.
Although I enjoy Western music, what I enjoy
greatly is North Indian classical music and
semi-classical music. Its origins date from the
12th century. It combines ideas from Persian
music, particularly through the influence of
Sufi composers. After the 16th century, music
was patronized in princely courts of India.
Unlike the symphony in the Western classical
tradition, Indian classical music typically
involves only two or three musicians: one
vocalist or instrumentalist, a tabla (a pair of
drums) player, and somebody on a background
drone (string) instrument. I have a substantial
collection of such music that I enjoy very
much.
One of my greatest joys comes from Indian
semi-classical music. Based on traditional
90

ragas, this style lends itself to musical renditions of Urdu poetry. Raga (or raag) is a
melodic framework for improvisation. The
combination of a great singer and great poetry
is magic that is impossible to describe; music
enhances poetry, and the lyrics enhance the
music. It gives me goosebumps even if I have
heard the same piece several times before. I
have a large collection of such music, and I
adore the artists and the poets.

Closing Thought
Let me conclude our conversation by quoting,
in translation, a poem by Sa’adi, an Iranian
poet of the 13th century. I recited the original
Farsi poem at the beginning of my 2006 invited
lecture in Iran.
The sons of Adam are limbs of each other,
Having been created of one essence.
When the calamity of time affects one limb
The other limbs cannot remain at rest.
If you have no sympathy for the troubles of
others,
You are unworthy to be called by the name
of a human.
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Observations by
Former Students
On August 16, 2019, in the office of the Pacific Earthquake Engineering Research Center
(PEER) in Davis Hall on the UC Berkeley campus, a meeting was organized by Professor
Keri Ryan with former doctoral students of Professor Chopra to discuss their personal and
professional experiences with him. As noted below, some of the former students joined via
video teleconference. The teleconference portions of this meeting were facilitated by PEER
staff: Amarnath Kasalanati, Grace Kang, and Erika Donald. The dates of the PhDs of the
individuals below are listed in Chapter 9.

Ushnish Basu, Senior Scientist, Livermore Software
Technology Corporation
Rakesh Goel, Executive Associate Dean, College of
Engineering, CalPoly San Luis Obispo
Neal Simon Kwong, Assistant Professor, Civil Engineering,
Cooper Union (via video teleconference)
Juan Carlos de la Llera Martin, Dean of the Faculty of
Engineering, Pontificia Universidad Catolica de Chile (via
video teleconference)
Juan Carlos Reyes, Associate Professor, Civil and
Environmental Engineering, Universidad de los Andes
(via video teleconference)
Keri Ryan, Professor, Civil and Environmental Engineering,
University of Nevada, Reno
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Rakesh Goel: I’ve had a very long relationship with Professor Anil Chopra, but I still
have a hard time calling him Anil, even though
the day he signed my PhD thesis front page, he
said, “Call me Anil now.”
Chopra: It’s your Indian upbringing that
makes it difficult for you.
Goel: My doctoral work was on nonlinear
response analysis of asymmetric buildings,
which was an extension of the work of several
students of Professor Chopra’s who have
worked in this field. After my PhD thesis, my
contributions or my collaborations with Anil
continued on for many years, first looking at
the periods of buildings based on recorded
motions from the Northridge earthquake. We
came up with simplified formulae for estimating periods of buildings, and we were very
fortunate that those formulae were adopted in
building codes and are still being used today.
We also did a lot of work on the nonlinear
static analysis procedures, including Modal
Pushover Analysis, which I think is quite
widely referred to even nowadays. Not only
has it helped future researchers, but I think
some of that work has influenced practice as
well. It resulted in one of Professor Chopra’s
Norman Medals. Anil somehow seems to be
getting a Norman Medal every 10 years.
My last collaboration with him was looking at
the seismic behavior of bridges crossing fault
rupture zones. That work was funded by CalTrans. We came up with some nice procedures
for calculating demands on bridges, and just
yesterday I confirmed that the work was also
adopted by CalTrans in a design memo used
by its engineers. We continue to collaborate,

92

and I hope we collaborate in the future as well,
because Professor Chopra never retires. He
just continues to work.
Chopra: But you forgot to mention an
important thing, Rakesh. You were one of the
key persons helping me in creating my structural dynamics textbook; you were a partner
right from the beginning in the preparation.
That was the early 1990s. You did most of the
numerical simulations. You prepared most of
the figures, and you will recall that your name
is listed first in the series of acknowledgments
in that book. You played a very important
role. This was about 25-plus years ago when
graphics technology was not what it is today, so
it was a struggle. You put in a lot of effort, and
for that I’ll always remain grateful.
Juan Carlos de la Llera Martin: After the
earthquake in Chile in 1985, I had been working on analysis of shear-wall buildings in the
city of Viña del Mar to understand why one
of them collapsed. When I came to Berkeley,
I was thinking I was going to continue that
work. In the first month or so, Anil invited my
wife and our one-year-old child to his home,
and we started a relationship that continues to
this day. At the time he was my professor in his
dynamics of structures class, and basically by
the end of the semester he asked me to work
on a California Strong Motion Instrumentation Program project on accidental torsion, a
rather unexplored topic, and definitely not an
easy one. The project looked at plan torsion in
instrumented nominally symmetric buildings
with recorded floor motions during previous California earthquakes. Subsequently, I
worked on natural torsion of unsymmetricplan buildings.
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Also during my postdoc time, since I had
played tennis professionally, I trained with the
Berkeley team almost every day, splitting my
time between research and my love for tennis.
Chopra: I don’t know how many of you
know that there was a point in Juan Carlos’
young life when he made a decision whether to
pursue professional tennis or study engineering. So tennis may have lost a great player, but
engineering gained a great researcher.
Ushnish Basu: I had been interested in
structural dynamics as applied to earthquake
engineering when I was doing my undergraduate work in India. I liked the mathematical
aspect of it, all the linear algebra that’s
required, and I was studying it from Professor
Chopra’s book. At Berkeley, he had me work on
dam analysis and specifically on modeling the
half-space.
Chopra: After Ushnish completed his PhD
work, the Livermore Software Technology
Corporation, which develops and markets the
LS-DYNA software, hired him to implement
the special wave absorbing elements he had
developed.
Goel: If I can introduce a question that
is related to software, might I ask Professor
Chopra if most of your work has been in the
public domain? Did you have any work that
you patented or that was proprietary?
Chopra: Everything I have done is in the
public domain. This philosophy goes back to
Professor Ray Clough and Professor Ed Wilson, who developed important software here
in the 1960s and 1970s. They decided that all of
their software was going to be freely available
and established the Berkeley tradition. The
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National Information Service for Earthquake
Engineering (NISEE) at the Earthquake Engineering Research Center at Berkeley listed at
one time a large catalog of programs developed
at Berkeley that were widely distributed.
The software produced from the work of my
doctoral students was not developed to the
point of a commercial product, because it
is research software; however, it’s available
for the asking. So that’s why it has been used
widely. Berkeley has dominated in the field of
structural engineering software partly because
of the philosophy that was established by
Clough and Wilson. Furthermore, some of the
software developed and marketed by Computers & Structures, Inc. (CSI) started its life with
Ed Wilson at Berkeley.
Keri Ryan: I was a student at Berkeley from
1998 to 2004, for the master’s and PhD. I came
here out of an undergraduate experience at
Caltech, where I had worked on undergrad
research on base isolation with Professor Hall,
who happens also to be Anil’s former student.
Chopra: Yes, it was 1980 when John Hall
graduated with his PhD.
Ryan: I was interested in base isolation, and I
knew a little bit about Professor Chopra before
I arrived at Berkeley.
Chopra: You have become comfortable with
“Anil.” Why change today?
Ryan: I am comfortable now, but at the time
you were my professor. You said we could
approach base isolation from a really fundamental perspective and whatever direction I
wanted to go in, and I really got the sense that
I had the freedom to explore the topic of my
choice, and it was very appealing. I chose to
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work with Professor Chopra, Anil, and I would
say the greatest contribution from that work
was the development of a simplified procedure
to estimate base shear and isolator displacement demands. It was an alternative to the
equivalent linear approach that had been used
in the codes and still is, so our work did not
end up being adopted.
Juan Carlos Reyes: I did my master’s in
Colombia, but all those years I wanted to come
to UC Berkeley. One of my main motivations
to get there was to study with Professor
Chopra. I was fortunate to help with some
of the chapters of Anil’s structural dynamics
book, working on the solution of examples and
end-of-chapter problems. In my PhD with Anil
we investigated the Modal Pushover Analysis
method and also the scaling of ground motions.
At the beginning, some of our analyses were
not working out, and we kept working to find
out why.
Chopra: Another important aspect of your
work was to extend modal pushover analysis to
three-dimensional models of buildings subject
to two horizontal components of ground
motion simultaneously and to combine the
nonlinear responses to individual components.
Neal Simon Kwong: Like everybody else, I
struggle with saying “Anil” rather than “Professor Chopra.”
Chopra: It must be somewhere in my
personality.
Kwong: I came from New York City never
really having been exposed to earthquake
engineering or structural dynamics. When
I came into Berkeley in fall of 2009, I took
structural dynamics with Anil, and I had the
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intention of finishing the master’s in one year
and just going back to New York to continue
a professional life. But I decided to stay for a
PhD because of a question Anil posed about
selection of ground motions for structural
design.
At that time the Pacific Earthquake Engineering Research Center (PEER) had produced
reports that had a benchmark result for
nonlinear response of a building (defined as a
point of comparison) to evaluate the different
approaches for selecting and scaling of groundmotion records, but even in the point of
comparison, ground motions were still scaled
and modified.
So that aspect of the benchmark didn’t quite
set well with us. We wanted a purely objective way to evaluate the different approaches
for selecting and scaling of ground motions.
Gradually, over time, we had the idea of just
taking a large number of synthetic ground
motions and creating our own benchmark to
objectively evaluate all these different procedures to select ground motions, and in the end
we found out that some of the state-of-the-art
approaches are indeed better than others. That
was the subject of my PhD thesis

Mentoring Approach
Reyes: Anil accommodated me with a twice
a week meeting. Being in contact with Anil
meant being able to talk about every aspect of
life. Before we talked about the research, he
asked how are you and how are things going?
How is your life, your family?
de la Llera Martin: Anil did more
than teach engineering, per se. He was
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uncompromising concerning high-quality
writing. He would destroy your first draft, and
I mean blood was really spilling, red marks all
over your work. He encouraged us to take an
English class on writing, and I found that Anil
was there, sitting in on the class. I just could
not believe that my advisor, my professor who
is a huge figure, was sitting with me in the
English writing class he had me take. Then I
saw this class to be really important for him,
for otherwise he wouldn’t be here sitting with
me, and that changed my whole perspective on
writing.
Chopra: It dawned on me that, because I had
been asking my students to take the class, I’d
better sit in the class myself. So I did that one
semester.
Basu: Writing in a way is secondary, it’s
really thinking clearly that is more important.
You should have something to say, you should
understand what you are trying to say, and
many people don’t.
Ryan: Anil had you write an extended
outline that would run into several pages. With
Anil, you may go through several iterations
of the extended outline just getting the ideas
organized before you even start trying to
express yourself in eloquent words.
I found working with Anil that often the
extended outline requires a great deal of labor.
If you look at the outline, you know exactly
where this paper is going. We revised the
outline over and over again until it was as it
should be.
Chopra:

First the skeleton, then the flesh.

Ryan: Anil was willing to spend almost an
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infinite amount of time with us and that sends
a strong message. I recall some of my contemporaries with other advisors would fight to get
face time. Friends would say I haven’t met my
advisor in a couple months. With Anil, we had
a 90-minute meeting on the calendar, every
week, and more time if we needed it.
Goel: I remember when my daughter was
about to be born, both Professor Chopra and
his wife, Hamida, came to the hospital to visit
us, and when my son was born, they brought
gifts to our home. We were so touched by that,
a professor and his wife would do that for a
student, and it was especially touching for us,
because we had no other family in this country.
So, it is really a memory that sticks to us both,
myself and my wife Nisha. We talk about it all
the time. And both my kids decided to come to
UC Berkeley for their undergraduate degrees,
and Professor Chopra always took time to
invite them for lunch. They’ll bring their
lunch, Professor Chopra will bring his lunch,
and they’ll sit down and talk, which provides
that support that is needed for students who
are coming here because Berkeley is a crazy
place. I mean it’s not easy to survive in Berkeley, particularly for undergraduate students
where you are taking classes with 1,500 other
students and the professor is just a blip on the
TV monitor.
Basu: Apart from the academics, I think
Professor Chopra always made the effort to
spend time with the students socially and one
of the things that we did was go on a day hike
in the Tennessee Valley trail heading through
the Marin hills to the coast. Somehow I had
never done that type of thing before. It was a
new experience, and an exhausting one.
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About three years ago I decided to celebrate
my 20 years of being in the U.S., and I wanted
to get back to the shape I was when I first came
here. I remembered what Professor Chopra
said, that he always swims frequently, so I
started going to the pool every day, and over
time I built up my laps and in six months
I actually lost about 30–35 pounds. After I
turned 40, I actually became younger.
Kwong: Touching upon diet, I remember
a Halloween after which I offered Professor
Chopra some chocolate, and I remember what
he said to me. I don’t remember what it was, but
it definitely was not Lindt chocolate. Because it
was not Lindt, he wouldn’t take it.
Chopra: My point was and still is that if I’m
going to indulge in things like chocolate, it
better be the best. Otherwise why waste your
calorie intakes on second-rate chocolate?
Basu: I recall Anil saying some people are
lucky to be born handsome, some people are
lucky to be born rich, some people are lucky in
some other ways, but everybody gets 24 hours
in a day, no exceptions. So you have to make
the best use of those hours.
Chopra: That’s the statement I have made
to many people, including my daughter. Many
people can complain that life is unfair, but in
terms of time allocated to us in a day, it’s all
equal, and what you do with that time is what
makes the difference.
Ryan: Explain a little about the mechanics
of how you taught your structural dynamics
course, Anil.
Chopra: It was using the chalkboard to
present all the mathematical derivations and
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showing overhead transparencies of figures
from the book.
Ryan: On the board were very neatly written
notes with colors. It was very well thought out,
and every point was made with great clarity.
Goel: He would ask questions, but not pose
them to a specific student. At the other end of
the spectrum was another Berkeley professor
who would have cards of the students with
their pictures on them and where they had
been undergraduates. He would put you on
the spot and ask you questions until you had
to say, “I do not know.” Then he would say, “Is
that all they taught you at that school?” And
the other thing that I really appreciated about
taking a class from Professor Chopra was that
his voice, the modulation, was so clear. It was
slow enough for people like me who didn’t
have English as the first language to follow him
through, and that really came in handy.
de la Llera Martin: Anil was able to memorize the names of students and pronounce
them very well and, at that time, there were
about 50 students in my class. He had students
go at least once to his office so they could have
a conversation, and that was amazing to me,
because the conversation was centered more
on the person than the class. At the same time,
Anil was also very tough with his grading; I
mean incredibly tough. The slightest mistake
immediately meant some number of points
taken off.
Kwong: The slightest thing would result in
points deducted. Some people grade by adding
points up. I go from the reverse, following
Anil’s model and subtract for any slightest
mistake. I had the opportunity to take the
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dynamics class in 2009, but then later on, I
think around 2015, when Professor Chopra
taught the second dynamics class, I sat in on
that class too. So, I saw the evolution during
those six years. The first time he used colored
chalk, also overhead transparencies. In 2015,
Professor Chopra was using the iPad. Some
professors just keep doing what they always
have been doing. Professor Chopra would
try to use the techniques that presented his
material most effectively.
Chopra: Basically, what had happened is that
all the figures that are in the textbook became
available as slides. So, I started using those.
The combination I used was to still do all the
derivations on the chalkboard, but the figures,
which I didn’t want to take the time to draw,
were shown from the textbook. As I mentioned
earlier, Rakesh is the key person who produced
the figures for the textbook.

The Dynamics of Structures
Textbook
Goel: But you know, even though this
structural dynamics book has been in use for
so many years and there have been so many
editions, I think there are still opportunities
to take it to the next level. One of the things
which is my regret is that we’re talking about
dynamics: things are moving, but the things on
paper in the book are static in nature, and the
dynamics subject is really ripe for animations.
So, one of these days, I’m hoping that there’ll
be an electronic version of the book, because
I think there is true excitement in learning
about dynamics and seeing things move.
Chopra: Rakesh raises the point of including
interactive simulations in an e-book: click on a
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link and go to a different page on a particular
topic and change parameters to observe the
influence of that change on dynamic structural
response. The goal would be that every key
concept in structural dynamics and earthquake
engineering is illustrated by some sort of an
interactive module on the computer.
Now, the publishers have an incentive in doing
some of this, because they are moving to an
electronic book model where you basically
have the book on your computer. Publishers do
not want any proprietary program used, and
thus MATLAB is unacceptable to them. It has
to be software that is totally open, no licensing
required. So, we are still in conversation. The
publishers are trying to do the work at their
end not only for my book, but they want to do
this for many books, and they say that a book
on structural dynamics is even harder for them
technology wise.
I’m pleased to tell you that a person who is
interested in working on this project is our
programming guru, Frank McKenna. He
enjoys programming, and such a project
appeals to him. He has created one module for
the publisher to look at, to see if it satisfies all
their requirements. And one of the things that
I learned is that the publishers these days are
very, very sensitive to creating material that is
accessible to the visually impaired or hearing
impaired people, and apparently, universities
are imposing that requirement on publishers for a book to be adopted at a university.
Everything has to be accessible to everybody.
Ryan: First of all, I am amazed to learn,
after watching Professor Filippou’s interview
with Anil at the retirement symposium, that
when Anil wrote the textbook, he threw away
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all his notes and started from scratch, which is
absolutely amazing.
Chopra: It amazes me even today that I
dumped the binder of my class notes into the
garbage; but I think that one decision is the
single most important reason for the way the
book turned out.
There are several concepts in the book that
have affected the pedagogy of structural
dynamics. I had never thought about them
prior to the book, nor apparently had anyone
else.
Perhaps the single most important example is
how modal analysis is explained. The concept
that response in each mode, which is a function of time, is a product of the modal static
response and the response of a single-degreeof-freedom system having the vibration
properties of that mode, and the modal static
response comes from static analysis of the
structure subjected to the force distribution
defined by the product of the mass distribution
and the mode shape.
Ryan: It’s amazing to realize that concept
did not exist prior to the book.
Basu: One way to test innovative concepts
is to think about how natural the concept feels
once you have thought of it.
Chopra:

Exactly.

Goel: How many language versions of the
book are there now?
Chopra: Eight: Japanese, Korean, Chinese,
Greek, Turkish, Spanish, Farsi, and most
recently, Lithuanian.
Goel:
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And I am sure many people have

knocked off your book as well. Probably there
are a lot of unauthorized versions of your book
around the world.
Chopra: Yes, but it’s okay. I learned about
one such example when I was in Iran and saw
the Farsi version of my book. It was produced
without any permission from me or the
publisher. It doesn’t bother me because such
translations help students and others learn the
subject.
Goel: Perhaps you can talk about the issues
related to cost of the textbook and its adoption
worldwide.
Chopra: After the textbook had been out
for a few years, I was keen to get an economy
edition paperback published in India or
somewhere in the Far East to cater to that part
of the world, and I pressed the publisher in the
U.S. to make it happen, but they would ignore
me. They are there to make money, whereas
for a professor, it’s more important that the
work reaches as many students as possible.
Those are two very divergent interests. They
kept asking me, why are you so keen about this
if there is no money to be made? If the book is
going to be sold for $5 in India or somewhere in
that part of the world, there’s no money for you
to make. I said I understand that. I kept pushing Prentice-Hall. Now in India you can buy
the economy paperback edition of the book for
less than $10.
Ryan: I really think that students, not necessarily your higher-level graduate students
but your average undergrads, just don’t read
textbooks anymore. I really get the impression
they are learning in a different way, and we
are not trained to teach them in that way. But
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we as educators need to adapt somehow to
this new student that is different from the one
we formerly knew. So, my question for you,
Anil: how do you reach this new generation of
students?
Chopra: This is a very important question,
but I’m not sure I have a good answer in the
sense that I am too far removed from today’s
generation of students. But I agree with you
that something has changed in a big way.
During the last three years of my teaching, I
noticed that nobody in the class was asking
questions. They were either fiddling with their
cellphones or looking at their laptops that were
open. Nobody was coming to office hours. I
observed that three or four weeks into the
semester, nobody in my class of 60 students
has come to my office hour. I would announce
in class that I have been lonely during office
hours, that even if you understand everything
perfectly, I still encourage you to come. I
would like to know you better. I would like
to see or explore how I can help you reach
your full potential. Still nobody showed up.
So, something has changed them in a big way.
There’s no doubt about that.
Basu: In your long career, you have supervised many PhD students, top students. How
did you select them?
Chopra: The first thing to recognize is
that the quality of research that a professor
produces is greatly dependent on the quality
of the students working with the professor.
I think that is a given. We are all looking for
students who have the potential to become
creative researchers. For me, the minimum
requirement is achieving excellence in my
class as the starting point.
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Beyond that I think it’s a little hard to describe.
There’re many intangibles, and it’s really getting the feeling that a student is interested in
finding out about something, has the curiosity
about the subject, has some passion about it.
Such indicators come in different forms. It
could be questions asked by the student in the
class or in office hours. It could be any oneon-one conversation, and sometimes it may
be how a difficult question is answered in an
exam; it exposes a certain way of thinking.
Ryan: Did your standards get harder or
easier over time?
Chopra: Over the years, I think my tests got
easier. The toughest final exams I prepared
were when I was a very young professor. But,
with time, I think one mellows some, or one
also has a better idea of what is reasonable to
expect from students.
Basu: And how has your process of choosing
research topics changed over the years?
Chopra: When I started in academia, earthquake engineering and structural dynamics
was a wide-open field; many problems were
crying out for a solution. It was a matter of
picking and choosing. We were working on a
new problem, starting from scratch, developing
notation, developing terminology. So it was
relatively easy in the sense of choosing a topic,
but challenging in another way: there wasn’t
a body of knowledge to build on. Now, there
is such a large body of knowledge that it is a
challenge to find meaningful topics.

Research Approaches
Chopra: Several of you have commented
on the importance of fundamental approaches
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and simplified methods of analysis. For the
record, I want to say that my way of looking at
problems was influenced by the late Professors
Newmark, Housner, and Veletsos, who were
masters at this kind of work. They came from
an era when computers were in their infancy.
They developed ways of looking at a problem
in which you could distill the essence of the
problem and solve only the most important
part analytically. This is a very rewarding
approach.
That way of looking at problems is gradually
disappearing because, as computing is becoming prevalent, everybody has a computer on
their lap or on their desk, and it is so tempting
to immediately start computing without thinking too much.
Basu: Professor Chopra, you have done a lot
of consulting side by side with research. How
has that affected your research? Do you get
ideas from consulting?
Chopra: Consulting at times has been a
catalyst for research. Sometimes I was not able
to answer questions on a particular consulting
job, questions that later on became topics for
research to find answers. So, in that sense,
consulting has been positive. A significant
part of my consulting has been in the area of
concrete dams, and there the most satisfying
part has been to see our work eventually used
in solving real world problems, challenging
problems, advancing the state-of-the-art and
the state of practice in that process. That has
been the most satisfying part of consulting.
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Questions About
Anil’s Personal Life
Kwong: A question we former students
would like to ask you, Professor Chopra, is
what challenges have you experienced and how
did you handle them?
Chopra: Simon, I am not a good person to
answer that question. If we leave aside minor
ups and downs in life, I haven’t faced any huge
challenges. Fortunately, my life has been
relatively smooth sailing, and I consider myself
very fortunate in almost every aspect, in
personal relationships, my family, my health,
and professional opportunities.
Kwong: I know you told me many times
about your mother and her influence on how
you seek excellence and perhaps other noble
values. But I don’t think I ever heard you talk
about your relationship with your father .
Chopra: I had a very good relationship with
my father; all three of us children did. I have
one brother, one sister. He was always there
for us, but the relationship was very different
relative to the relationship with our mother,
largely because of the parenting culture in
India at that time. We are talking about the
1940s and 1950s. The parenting culture was
such that fathers were a disciplinarian figure
in the family; they earned the money and
disciplined the children. So, although my
relationship was very good with my father, it
was not as close and as warm as it was with my
mother. It wouldn’t be unreasonable to say that
perhaps we were a little afraid of our father.
We didn’t feel the same way with my mother,
even though she was particular about how she
brought us up.
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de la Llera Martin: Have you ever thought
about going back to India, I mean live back
there and go back to your roots?
Goel: I wonder about that too; do you miss
anything from India?
Chopra: At this stage of my life, most of
my connections in India don’t exist anymore.
The only person I have there who is close to
me is my sister. My friendship circle is gone or
scattered. There is very little reason to think
of returning to India. However, as I am getting
older, this thought does cross my mind. If I
were in India, I could hire a chef, a chauffeur,
a maid, and a gardener. I could live a life of
comfort. As long as I am healthy and I can do
everything on my own, life in the U.S. is great.
But if that day comes when I am limited in
some way, then I would probably be remembering India.
In some circumstances, returning to your
country is a better decision if you can influence
things significantly. In this context, let me
comment on Juan Carlos de la Llera. He could
have been a successful academic in the United
States, but I never thought that he should
stay here because I knew that he could make
a much bigger difference in Chile than he
could here; this place is too crowded professionally. That is precisely what has happened.
He has had a huge impact on engineering at
the Catholic University in Chile and on the
earthquake engineering profession in the 25
years that he has been there.
de la Llera Martin: I have two personal
questions to ask. Do you write poetry, and if
you could make one last trip, what would it be?
Chopra:

Poetry? That’s easy to answer. I
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don’t write poetry, but I have a great passion
for Urdu poetry. My passion pales in comparison to my wife’s; she is a great scholar of Urdu
literature and recites poetry like a master. She
a hundred times better than I. So, neither of us
write poetry, but we do recite poetry. We enjoy
doing that.
As for the question about a trip to take, I have
to say that there is one cherished memory
in my extensive traveling that, under ideal
circumstances, I would like to repeat.
In Nepal, I hiked for about five days from a
little village called Lukla. This is the beginning of the trek to Mount Everest. I of course
did not go with the idea of climbing the
mountain, but to hike to a certain distance,
and the highest elevation I got to was 4,000
meters. The base camp for climbers has an
elevation of 5,000 meters. This was walking, no
technical climbing. And at 4,000 meters, you
reach a kind of plateau with a relatively gentle
slope rising toward the Everest base camp,
and then you see the big mountains rise. So,
standing there one morning several years ago
is perhaps the most impressive memory of my
hiking. The entire Khumba range was in front
of me. Some of the highest mountains are right
there: Everest and Lhotse, both taller than
8,000 meters. It was a perfect day, with perfect
visibility, and that memory has stayed in my
mind.
My guide from Nepal and I were enjoying
a picnic lunch, and then I noticed from the
west a big cloud beginning to show up, and I
said to the guide it’s quite possible that this
cloud may cover our entire view. He said, don’t
be surprised, it might happen soon. Half an
hour later, the big cloud covered the entire
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scene as if the mountains did not exist. People
who came there later that day and for several
following days saw nothing.
If I had an opportunity to repeat that experience, it would be wonderful, but let me tell
you two reasons why it won’t happen. The
first is that I experienced perfect weather and
visibility for the entire eight days of hiking, so
I don’t want to push my luck because I don’t
think I will be as lucky the second time. There
are people who have gone there several times
and haven’t seen the Everest range.
The second reason is, as they say, ignorance
was bliss. I flew from Kathmandu to the small
Lukla airport, Tenzing-Hillary Airport, a
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20-minute flight in a 20-seater plane. The
airport is located on the edge of a cliff. The
runway is only 500 meters long and had to be
graded 12% uphill to help the plane stop before
the end of the runway. That’s the airport where
you land, and then you start walking. When I
came back from that trip, I was telling Claire
Johnson, who has worked on the journal with
me for over 20 years, about the experience of
flying in and out of this airport. While we were
chatting, she punched in “Lukla airport” on
her computer to search the Internet. She told
me it’s the most dangerous airport in the world.
Now that I know about this danger, I would be
scared to go back.
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The letter from Ray Clough to Anil Chopra informing him of the
teaching assistantship for his graduate program.
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Anil Chopra in 1961, about to leave India for
graduate school at UC Berkeley.
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Left to right: Anil with his brother, Avinash,
and his sister, Aruna, September, 1972.
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Anil Chopra at the 7th World Conference on Earthquake Engineering, Istanbul, 1980.
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Anil with his daughter Nasreen, before departing for the
Awards Ceremony at Miramonte High School in Orinda,
where Nasreen received the Valedictorian Award, 1985.
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Anil with his wife, Hamida, in about 1991.
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Anil hiking to Upper Yosemite Falls
with his daughter Nasreen and his wife Hamida, 1993.
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Anil’s daughter, Nasreen, with him in Kashmir, 1995.
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The 1997 birthday party of Ashraf Habibullah.
Left to right: Alex Scordelis, Joe Penzien, Ed Wilson,
Habibullah, Graham Powell, Anil Chopra.
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Anil with his father, Kasturi Lal Chopra, and mother, Sushila Malhotra,
on the occasion of Anil’s UC Berkeley Distinguished Teaching Award, 1999.
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Group photo of UC Berkeley civil engineering faculty in about
2000; Anil is in the top row, seventh from the right.
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Anil Chopra with graduate students Keri Ryan and Chatpan Chintanapakdee,
having hiked over the Coast Range to Muir Beach in Marin County, California, 2002.

116

Anil K. Chopra

Photos

The 2005 symposium for Professor Luis Esteva
(front row, center), who is seated to Anil’s right.
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Anil Chopra in 2005.
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At the Miraflores Locks of the Panama Canal in 2010 on a consulting project.
Left to right, Chris Poland, David Bonneville, Luis Alfaro,
Anil Chopra, and Fernando Guerrera.
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Anil hiking up the slopes of the Arenal Volcano in Costa Rica, 2011.
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Masayoshi Nakashima, Keri Ryan, and Anil Chopra
at the 16WCEE, Santiago, Chile, in 2017.
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Anil Chopra in 2017 with the family of Juan Carlos de la Llera,
former PhD student and currently Dean of the Faculty of Engineering,
Pontificia Universidad Católica de Chile. Juan Carlos is to the right of
Anil; Carmen Gloria, the wife of Juan Carlos, is to the left of Anil.
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This volume in the EERI Oral History

Series presents the life and career of Anil
K. Chopra, Professor Emeritus in the
Department of Civil and Environmental
Engineering at the University of California, Berkeley.
After he graduated from college in
India, he went to UC Berkeley to earn his
Master’s and PhD degrees, then taught
at the University of Minnesota before
returning to join the faculty of UC Berkeley for the next 47 years, retiring in 2016.
The first class he was asked to teach
at UC Berkeley was structural dynamics, a course which had been started by
his mentors, Ray Clough and Joe Penzien. His work in that field resulted in a
number of publications on a wide range
of topics in earthquake engineering and structural dynamics.
Chopra chaired the structural analysis committee of the project producing the influential ATC-3, Tentative Provisions for the Development of Seismic Regulations for Buildings, and
he tells interesting stories about working with Nate Newmark, Emilio Rosenblueth,
Henry Degenkolb, and others in that regard.
His expertise in structural dynamics resulted in his being asked to write the EERI
monograph on structural dynamics, Dynamics of Structures: A Primer, and later led to his
very widely used university textbook, Dynamics of Structures: Theory and Application to
Earthquake Engineering, now in its fifth edition.
A major theme in Chopra’s research is the seismic analysis and design of concrete
dams. His initial research was on Koyna Dam in India, which was damaged in a strong
earthquake in 1967 and was the first major concrete dam for which a strong motion
record was recorded. Over many years, he and a number of PhD students developed
procedures for earthquake analysis of concrete dams, and he has consulted on dozens of
major projects around the world. In 2020 he published his comprehensive book on the
subject, Earthquake Engineering for Concrete Dams: Analysis, Design, and Evaluation.
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