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Chapter 1
Introduction
The title of this work seems
straightforward, but some definitions
are in order at the outset so that author
and reader have the same scope in
mind. In addition, this chapter provides
the reader with an explanation of the
historical approach used in this work.

(after GSHAP 1999)

“Earthquake Engineering”
In the name of the Earthquake Engineering Research Institute, the words “earthquake
engineering” originally meant, when the organization was incorporated in California as a nonprofit organization in the USA November 4, 1948 and began operations in 1949, the application
of engineering to the earthquake problem. The term in use prior to “earthquake engineering” was
“engineering seismology,” and the other discipline besides engineering involved in EERI in its
early years was seismology. It was only the small branch of seismology that concerns itself with
strong ground motions that was meant by “seismology,” which excluded the work of the
majority of seismologists in the world whose central interest was the interior of Earth, not its
surface. “Engineering” includes many disciplines – chemical engineering, mechanical
engineering, electrical engineering, and so on. It was civil engineering – in particular structural
and geotechnical engineering – that was meant by “engineering” in the original name of EERI.
This straightforward original definition of earthquake engineering could be stated as: the
application of civil engineering to the problem of earthquakes. Note the nuance in the use of the
word “problem.” Engineers solve problems. They may also be interested in knowledge for its
own sake, and they may make inventions that unexpectedly provide a new product or service, but
their core mission is to solve problems and design solutions. Engineers need to conduct research
and acquire ever-increasing amounts of knowledge, but engineering, unlike a pure science, does
not have as its chief aim understanding a natural phenomenon. To say that earthquake
engineering is an applied science is the same as saying that earthquake engineers apply science,
and in this field they apply it to buildings, bridges, towers, ports, and utility and transportation
systems. Understanding theories of physics as relates to mechanics, on the one hand, and
designing and constructing a bridge, on the other, are two different things. The latter problemsolving role is a classic example of engineering, the former is science.
Earthquake engineers deal with the hazard of earthquakes and design solutions to the problems
those earthquakes pose. The chief goal of earthquake engineering over the decades – and I would
argue it is still the foremost goal –is simply to keep construction from falling down. All the rest
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of the specialized objectives in today’s field – how to keep equipment functioning during and
after an earthquake, how to quickly ascertain where leaks are in the piping system of a water
utility, and so on, follow from and are secondary to that age-old central goal of finding out how
to keep things from collapsing. In its essence, “earthquake engineering” is easy to define.
Over time, the EERI organization developed an outreach program to bring into the membership
people from many different disciplines, a trend that accelerated within EERI in the decade of the
1970s and 1980s and continues as a basic part of the organization today. A motive of the original
membership of EERI was to increase the disciplinary span of the organization to thereby increase
its effectiveness in conveying information about earthquakes. Conferences with the words
“earthquake engineering” in their titles, such as the World Conferences on Earthquake
Engineering, expanded their scope beyond the original disciplines of civil engineering and
seismology to include all aspects of earthquakes, and the term came to be used in a different,
much broader way than it initially was. An earthquake’s short- or long-term effects on a society,
or how pre-earthquake societal characteristics affected a population’s vulnerability or response to
an earthquake, constitute topics now sometimes included under the banner of earthquake
engineering. One inducement to the use of the term earthquake engineering to cover nonengineering topics was created in 1977, when the National Earthquake Hazards Reduction Act
was created. The primary funding source for engineering research on earthquakes via NEHRP
was via funds that flowed through the National Science Foundation, through the Engineering
Directorate. It was from that NSF earthquake research budget that social science research on
earthquakes was most likely to be funded. There has been roughly $20 million per year in
National Science Foundation NEHRP funding, allocated to and disbursed in grants by the
Engineering Directorate, and roughly 10% or more of that budget has been allocated for grants to
investigators who have not been engineers but who instead were social scientists. By budget
definition this was a part of the NSF earthquake engineering program, and thus this social
science research became more likely to be called earthquake engineering. By comparison, social
science research on the effects of tornado disasters is not called wind engineering, nor is social
science research on floods considered a branch of flood engineering.
Thus, there have been various motives and historical uses of the term “earthquake engineering.”
Bertero and Bozorgnia (2004 p. 1-10) quote several definitions in the literature. Which of these
definitions of “earthquake engineering” is used here? To do an adequate job of following the
thematic thread of earthquake engineering through more than one century of events that span
across several countries, I have chosen to focus on how engineering, specifically civil
engineering, evolved its modern quantitative techniques of design, analysis, and construction
technology. Where not otherwise stated, “earthquake engineering” has this original meaning –
the application of civil engineering to the problems of earthquakes. V. V. Bertero has noted that
when he began his study in the earthquake engineering field, at MIT in 1954, the term was still
novel and the field only a tiny fraction of its size today. In many cases, previous work by
engineers and others to improve the performance of buildings, bridges, and other structures in
earthquakes might often be characterized as earthquake-resistant construction or design, not
earthquake engineering, because of the lack of quantitative tools of engineering analysis to
determine the design demands as compared with the capacities of the construction. Without
trying to introduce an awkward term like “proto-earthquake-engineering developments,” I
distinguish between construction technology evolution that has proceeded by trial-and-error,
2

usually without the involvement of any engineering theory nor quantitative techniques. This
follows the definition used by Bertero and Bozorgnia (2004 p. 1-2): “If EE [earthquake
engineering] is considered as just the conscious attempts made to improve the earthquake
resistance of man-made structures, then it is an old subject, as testified by a 3000-year history of
earthquakes in China. If, on the other hand, it is considered as the results of scientifically based
multidisciplinary efforts, then it is a relatively new subject….this modern scientific aspect of EE
[earthquake engineering] has been kept in mind and emphasized.” Bertero and Bozorgnia (2004
p. 1-10) also state that it is necessary to have multidisciplinary efforts, with contributions and
responsibilities shared among various disciplines, along with earthquake engineering, to achieve
“the goal of controlling seismic risks to socio-economically acceptable levels.”
In following the development of earthquake engineering along national lines, it is essential to
consider the social context—a given decade, a given country, and events seemingly far afield
from our engineering subject. Such contextual events that may boost or hinder earthquake
engineering include: technologies developed in other fields for other motivations (e.g., the
increasingly ubiquitous digital computers of the 1960s and 1970s); wars (e.g. World War I and
its sidetracking of the incipient innovations in Italy following the remarkable spurt of earthquake
engineering innovation there following the 1908 Reggio-Messina Earthquake, or the comparable
side-tracking of Japanese earthquake engineering because of World War II); or changes in
government (e.g., the winning of the civil war in China by the communists and the stimulation of
Chinese seismic zonation to utilize building code models from the USSR, or the side-tracking of
Chinese earthquake engineering during the Cultural Revolution). And of course, aside from the
broader social context in which earthquake engineering developed, there is the important
question of how it has been applied—where the advancing methods and technologies received
support in terms of building code regulations, research and education programs, construction
budgets, and public support, or where impediments to implementation stopped or hindered
progress. In this historical survey, I take pains to include this broader context, while for clarity
reserving the use of the term “earthquake engineering” to mean the application of civil
engineering to the earthquake hazard. When the term “earthquake engineering” is used to extend
to any of these broader subjects and other disciplines that extend beyond civil engineering, it is
made clear in the text.

“International”
The other key word in this work’s title, “international,” indicates the focus on the history of
earthquake engineering in countries other than my home country, the United States of America.
As the proposal for this research fellowship stated, it has been far easier for me to collect
historical information about earthquake engineering over the years here in the USA where I live
and work than elsewhere, and in addition the strong role played by this country in this field over
a good deal of the twentieth century can tend to obscure developments in other countries. Two
examples can be briefly cited to illustrate this point.
Hugo Fielding Reid is properly credited with a great accomplishment in his explanation of elastic
rebound, the mechanism by which rock strain is stored, like a spring being wound up, until it is
suddenly released in an earthquake. However, more basic than that concept is the breakthrough
of Bunjiro Koto of the University of Tokyo in Japan in studying the 1891 Mino-Owari
3

Earthquake: He realized that the faulting caused the earthquake shaking, not the other way
around. In the United States, Reid’s name is routinely cited in the earthquake literature, while a
reference to Koto is typically an obscure find in a specialty paper.
As for the second example, in the development of seismic codes, there are many summaries
published in the US that start with the 1933 Long Beach Earthquake in Southern California, or
perhaps extend back to the optional seismic appendix in the 1927 edition of the Uniform
Building Code—without providing the context that the equivalent static lateral force elastic
method of analysis embodied in those building code regulations was derived from much earlier
Italian and Japanese engineering theory and adopted building codes. There are many more
examples to remind us that it is helpful to step outside ones country and look at this historical
subject from other vantage points.
One other aspect of “international” deserves mention. Tracing developments down through the
years, country by country, is a valid editorial device for the benefit of both the writer and reader
of history, but it is only one cross-section of the subject. Multiple sections through a
building—longitudinal and transverse sections, floor plans, reflected ceiling plans—are needed
to give the architect, engineer, or builder a complete picture of a building design. You might
think your framing plan is a work of elegance until someone suggests cutting a section through it
along a particular line, and lo and behold a large duct may be found to dead-end into the side of a
beam, or the selection of beams of slightly different depths for engineering efficiency may make
one architecturally queasy. So also it is necessary to complement a country-by-country account
here with other approaches. One obvious alternative is to chronologically follow a given line of
development or theme, such as the equivalent static lateral force method, or probabilistic risk
analysis, or shake table simulation, regardless of how that topic ricochets from one country to
another. Another is to use the framework of major earthquakes to tell the story of ensuing
developments (though it is an oversimplification to state that all important developments in this
field have been caused by disasters). A third is to use biographical sketches of important
individuals and wrap the geographic and thematic layers around them. Yes, these are other
advantageous station points from which to view the scene in perspective, but for the scope of the
research reported here, the most logical presentation format is to organize the content along
national lines. In an in-progress book-length treatment of the broader subject of the history of
earthquake engineering, I am including those other ways of “cutting a section” through the
subject matter and extending the range of subject matter.

Why Study the History of Earthquake Engineering?
In my NEHRP Fellowship application, I admitted that my prime motivation for studying this
subject was that I find it fascinating. It can be argued it has practical value, as I do below, but
first let us see if the reader and author share any sense of fascination over little-known but very
consequential aspects of earthquake engineering history such as the following. In so doing,
hopefully most readers will find these to be tantalizing hors d’oeuvres and want the full meal in
the following chapters.
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Earthquake Engineering History is Fascinating
Tachu Naito, probably the world’s most advanced and prominent structural designer in the
earthquake field as of the 1920s, used a short (14 cm, 5 1/2 in) slide rule, given him by his
master teacher, Riki Sano, rather than a standard longer one twice that length that would give
more decimal point precision. As the years went by, Naito kept using his slide rule, because he
knew the forces and resistances he was quantifying contained so many uncertainties that he felt it
was self-deceptive to be too precise in his computations.
Another example from Japan can be phrased as a quiz question. With even a slight acquaintance
with the most basic facts about historical aspects of earthquake engineering, one can correctly
answer the question of which university was most influential in Japan as it entered the
seismology and early earthquake engineering fields in the 1870s– the University of Tokyo. But
what were the other two that must be mentioned as next in importance? The University of
Glasgow and the University of Edinburgh.
The originator of modern earthquake engineering in India, S.L. Kumar, developed a metalreinforced masonry style of earthquake-resistant construction whose good performance in the
1935 Quetta Earthquake was the direct cause of the adoption of the first seismic building code
regulations in India. He developed his frame-plus-wall system using somewhat awkwardly
shaped sections —railroad rails— which required him to design custom connection details. He
used unreinforced masonry for the walls though he wrote that reinforced concrete was preferable
–- preferable but too expensive for a large number of buildings to be constructed, and his
engineering problem was to get a number of earthquake-resistant buildings built. He used iron
rails, not the stronger and then-available steel ones, because the obsolete iron rails were what
could be economically supplied by the railroad system for which he worked to build the
necessary number of dwellings. Structural engineers can recognize a kinship with Kumar and his
alternatives of the 1930s, however sophisticated today’s materials and technologies are. Just like
Kumar in the early 1930s, today’s engineer designs a structure that fits within a budget and can
be built. Materials are often selected for regional economic reasons, not by consulting tables of
materials science properties and picking the top values regardless of cost or architectural
characteristics.
In China, a country known for its extremely long written record of earthquakes, modern
earthquake engineering does not incrementally come into being there as a result of protoengineering studies of earthquakes over the centuries. More so than in most any other country,
we can neatly fix the date for the origin of modern earthquake engineering in China: 1954. That
was the year when the Institute of Engineering Mechanics was established in Harbin, and one
engineer, Dr. Liu Huixian (1914-1992), was given the task of devising a seismic zonation map
for the huge country. Following the communist victory in 1949 in the Civil War, the science and
technology influence of the nation next to and of similar government to China, the USSR, was
extensive. The Soviet seismic code had various engineering provisions, but they were keyed to a
seismic zone map of the USSR. Solving that seismic zonation problem set Dr. Liu and other
early colleagues off on what would turn into the field of earthquake engineering in China today.
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Or to cite my favorite example from the US: The modern electric resistance strain gauge, perhaps
the most often used instrument in earthquake engineering research as well as in other branches of
engineering, was co-invented by a researcher at Caltech, Edward Simmons, Jr. and Professor
Arthur Ruge at MIT. Ruge, a long-time earthquake engineering research by that time, had his
“Eureka!” moment while conducting shake table experimentation that was funded by the
insurance industry’s concern over fire losses caused by the 1906 earthquake in San Francisco.
Ask an engineer in any branch of that wide set of sub-disciplines – aeronautical engineer, naval
architect, hydraulic engineer, mechanical engineer-- if the strain gauge is one of the most
important inventions in engineering of the twentieth century and you’ll get a “yes.” Ask if they
realize one of the co-inventors came up with the idea while doing earthquake shake table testing
in 1937 and 1938, and they may not believe you unless you have the reference at hand
(Reitherman 2006a p. S227-228).
Stories like these are told in these pages, embedded in the extensively documented text that any
serious history requires. It is hoped that the details and documentation that are so important to set
down and preserve do not obscure the interesting personal stories that bring the facts to life and
give the reader some empathy for the conditions in which early earthquake engineering
developed.
Aside from the intrinsically interesting nature of the history of earthquake engineering, there are
several other reasons for devoting effort to producing historical works on that topic or for taking
the time to read them.

A Reminder of the Value of Thinking
Theodore von Kármán, in the preface to Aerodynamics: Selected Topics in the Light of Their
Historical Development (von Kármán, 1957, p. viii) said one of the purposes of writing the book
was to explain “how much mental effort was necessary to arrive at an understanding of the
fundamental phenomena, which the present-day student obtains readily from books and
lectures.” Thus, one reason for studying the history of a field is to remind us how important
thinking is, even though contemporary technological aids and reliance on already proven facts
relieve us of the effort of always starting from first principles. Perhaps in some cases those
pioneers who figured out a problem from fundamental principles understood that solution better
than the multitudes of students today who can so easily read a paragraph in a textbook that
explains it to them. Thinking is hard work, and an appreciation for the great contributions made
by thinking in the past may motivate us to do more of it today.

Engineering Can Be Narrow, History is Broad
A great deal of learning must be packed into the few years of college education of a civil
engineer. The amount of knowledge has expanded, but the container, the time available, has
remained relatively constant. This assertion is easily backed up with reference to the computer
science aspects of the field today, many important computer-aided skills to learn that did not
exist at all in the first half of the twentieth century. Because of the degree of specialization that
begins early in undergraduate engineering studies, to some extent civil engineers are trained
more than they are educated. “Pre-med” or pre-medical school courses are what an
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undergraduate takes to be able to get into graduate school in medicine to become a physician. In
a sense, even in the freshman year, engineering students need to begin to take “pre-engineering”
courses to be able to major in engineering as an undergraduate. Even with a one-year or two-year
master’s program, there are but at most half a dozen years to cover more engineering subject
matter than existed a generation ago. Even if a civil engineering doctoral course of study is
pursued, typically the student is only acquainted with the extremely narrow slice of the past in
their topical area, in the process of conducting a literature review. Practicing engineers, the
primary employer of the engineering graduate, look for immediate job-related skills and only
rarely inquire as to the breadth of a candidate’s education. What software a graduate engineer
knows how to use or whether one has taken a masonry or timber design course in addition to
steel and concrete are common job interview questions. It is rare that the interview ever touches
on any history, literature, philosophy, political science, or other courses a candidate has taken.
Thus, there are valid reasons for the narrowness of engineering education. However, there should
be some attention allocated to acquainting oneself with what has gone before in one’s own field,
a history that has threads reaching out in many directions beyond its starting point in
engineering. Presented here are a number of examples of how earthquake engineering has been
embedded in the more general historic context of its time. Today’s engineers, just as those of
previous centuries, will work in a social and historical context, and if they understand that
context better by looking at the past, they will be the better for it. History is an integrating
discipline, and the historian’s license is one of the broadest there is, allowing anything from
technical details to large social trends to be considered (as long as it is done without indulging in
that broader license, namely the poetic one, that permits disconnection of the narrative from
facts).

Respect: Giving Credit Where Credit Is Due
Acknowledgement of the people and organizations that have built up the modern edifice of
earthquake engineering is clearly appropriate and another reason for valuing earthquake
engineering histories highly. The formative era of earthquake engineering is approximately two
or three life spans long. The elders of the field now were working in their early years during that
formative period of the mid-twentieth century. The generation before them, born in the
nineteenth century, in most countries extends back to the very roots of the family tree of the
development of engineering to contend with the earthquake hazard. Because the continuity from
one person to the next, one generation to the next, is so important in any aspect of human affairs,
let alone earthquake engineering, Life Span Charts in a timeline format have been provided at the
end of each country’s chapter.
In paying our respects for early developments, we are also likely to discover that some of what
we think is so novel and inventive today was in fact thought about or implemented at some scale
before. Today there is a steady annual stream of awards and honors in the field of earthquake
engineering. Not to criticize such programs, but once an award program is set up, it of course
gives out awards, and as the number of awards made over the years grows, this can have an
inflationary effect. Many earlier developments preceded the institutions of the award programs
of today. The fact that we do not usually hand out awards today that are retrospective and
posthumous makes preserving the history of the field even more important.
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Giving credit where credit is due, one aim here, is distinct from attempting to dispense honors.
Commemorating or celebrating accomplishments is a matter of looking for positives to laud;
using techniques of historical analysis is a quite different thought process and includes a critical
evaluation of negatives as well as positives, what was not accomplished as well as the
achievements.

The Importance of Individuals As Well As Trends
History can seem a vast ocean of large-scale events, waves swelling and breaking according to
their own internal rhythm of the centuries and oblivious to individuals that float about like little
corks. Some schools of historiography take this approach, notably the Hegelian and Marxist
traditions and most religiously-based historical theories. Noted historians down through the years
such as Oswald Spengler (1880-1936) in his The Decline of the West (Werner, ed., 1991,
originally 1918), or Arnold Toynbee (1889-1975) in A Study of History (1946), have taken the
general view that history is primarily a matter of large, inevitable trends and patterns. Most who
have read Edward Gibbon’s massive The History of the Decline and Fall of the Roman Empire (I
confess I never made it past the first two of the six volumes, losing steam at the 1100-page mark)
would probably conclude that Gibbon took a broad view of a multitude of events and trends, and
his 1400-year scope was encyclopedic. Toynbee, however, dismisses Gibbon’s work as missing
the best part of the story – the 700 preceding years. Toynbee’s theory was that elements from
ancient Greece going back to 600 BC that were inherited by Rome were fatal seeds, and the
Roman Empire “was already doomed before it was established” (Toynbee 1946 p. 261). It was
the job of what Toynbee cheerfully called the “historian-coroner” to note the congenital defects
of civilizations that led much later to their downfall. I seem to digress to include this example to
note that unlike historians who have advanced long-span intellectual constructs, the account here
is more empirical, a series of short-span bridges. And being empirical, I have found what seems
to be clear evidence that in the small branch of history taken up here, individuals have had a
great influence. In several cases, for example, the question of who was the key parent of
earthquake engineering in a country will be answered by consensus of a country’s earthquake
engineers in naming one influential individual. Turkey is a case in point, where Professor A.
Rifat Yarrar is such a singled-out individual. In other cases, entire methods or technologies
would have lain undiscovered or only slowly developed much later had not a key individual gone
on an innovative path. These examples should serve to inspire the reader that everything has not
yet been figured out, that further discoveries lie ahead, and that the contributions of a relatively
small number of people can be significant. Individuals are not mere corks bobbing on the big,
inevitable waves of history. General historical trends are important, but individuals can make a
difference.
E. H. Gombrich said (Gombrich, 2005) “If you want to do anything new you must first make
sure you know what people have tried before.” If the world were filled with people who wanted
to do nothing except what is new, who only wanted to make a name for themselves, we would be
overwhelmed by vanity and ambition. However, if the world had no one who wanted to do
something new, it would be a dreary place, and one where growth in standards of living,
including protection from earthquakes, which is really only another aspect of the standard of
living, would be greatly retarded.
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A young person starting out in a field would do well to know that has already been done. If you
want to have a mountain peak named after you, you can’t climb one that has already been
climbed. The experienced person in the field can also benefit from this history: If you are
seeking a cure for a problem that has persisted for decades, it will be useful to re-visit and
understand what has already been tried.

History Makes One Think About the Future
A look at futurism indicates how important history is to anticipating what will happen next, as
well as showing how often predictions about the future have been wrong. One of the more
influential futurists of the twentieth century, Buckminster Fuller, an engineer and inventor of
remarkable productivity and creativity, was a keen student of history. I clearly recall the lecture
that elderly wise man gave when my older brother graduated from the University of California at
San Diego. On a terribly hot Southern Californian day with no breeze, we in the audience were
sweating profusely. The graduates and faculty in their long black robes were sweating more
profusely, since long black robes are an efficient way to maximize heat gain on a sunny day. Dr.
Fuller began his commencement speech saying the thesis of his lecture was that technology
would bring to the ordinary person of the future vast benefits that were formerly only available to
the small number of elites. Now, almost 40 years later, Fuller’s thesis has come true in a variety
of ways. He explained that what used to be only for the pharaoh later became widely available,
and in the future, wondrous new technological developments would accelerate that egalitarian
trend. What those future wonders would be I did not learn that day, due to the fact that Fuller
thought there was so much value in studying the past that his speech never got past the pharaohs.
After the better part of an hour Dr. Fuller had traced his theme up to the Fourth Dynasty of the
Old Kingdom, when Khufu was building his huge pyramid. The chancellor, provost, and deans
fidgeted and conferred, and the provost was burdened with the assignment of giving the honored
guest the hook. When he couldn’t get Dr. Fuller’s attention discreetly, waving his program at
him to try to get his attention, he walked across the stage toward him to get his eye, and signalled
he had to wrap up his talk. Fuller, having a constitution stronger than that of an ordinary human,
nodded that he understood, but he was actually as oblivious to the sign to conclude his talk as he
was to the heat. Even with his advanced age, he was displaying plenty of stamina to go another
hour.
Twenty minutes, later, we were hearing fascinating details about the Eighteenth Dynasty, New
Kingdom. That brought his theme up to the time of Akhenaten, but there were another 3,300
years between there and the present, let alone the future that was the subject of his talk. Students
in their black robes were slumping in their chairs looking like melting blobs of licorice. This
being prior to the days of the ubiquitous hand-held plastic bottles of drinking water, there were
probably some parents, students, and faculty in the audience about to pass out. It was a time for
action, so now the chancellor himself strode to the podium, extending his hand. Fuller, taken by
surprise, reflexively extended his and they shook hands. The chancellor leaned to the
microphone to say, “Thank you very much, Dr. Fuller” and kept shaking Fuller’s hand all the
way back to his seat. The audience may have been sweaty and exhausted, but their applause was
extremely appreciative.
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Not to trivialize a great engineer like Fuller – to the contrary. In his thinking and writing, his
appreciation for the value of history comes through strongly. History makes you think about the
future.
While history does not provide iron laws as to what the future will bring, a knowledge of history
combined with judgment can improve our preparations for the future. A key mental process of
the historian is to consider what would have happened if an event or individual’s action had not
occurred. The same basic logic is employed in trying to foresee what will occur in the future if
particular conditions are present or absent. In one’s own life, the question becomes what will
happen if one does or does not take some particular action.

Chronology Tables
In each of the following chapters, the following time spans are used to divide up the material:
• 1850-1900
• 1900-1950
• 1950-2000
These periods are of course merely round number divisions of the continuum of time. They are
arbitrary in that sense, but useful and reasonable since they can be applied uniformly across the
histories of different countries. For other purposes, it can make more sense to select boundary
lines that have some particular earthquake engineering meaning. In looking at how earthquake
engineering evolved in Japan, for example, one might select watershed dates such as 1868
(beginning of the Meiji era), 1891 (Nobi Earthquake), 1923 (Kanto Earthquake), 1945 (end of
World War II), and 1995 (Hanshin-Awaji, or Kobe Earthquake). It is also necessary here to
occasionally delve deeper into the past than 1850, though the large majority of relevant
information on the history of earthquake engineering pertains to later developments.
Following the text for each of those sections in a chapter is a chronology table for that time
period. While only a collection of individual facts, which are only very briefly listed, the
chronologies provide stepping stones extending across sizable lengths of time. The tables contain
short lists pared down from longer ones compiled during my research, fitting one period of time
on a page to allow the reader to see different events at a glance. A simple listing of facts by itself
is only a chronological framework, not a history, as discussed further below, but such listings are
still useful. In the words of the late American senator Daniel Patrick Moynihan, “You are
entitled to your own opinion; you are not entitled to your own facts.”
The chronology tables are structured with the following three headings.
General Historical Context
A very selective, condensed list of key events of the time period indicates the milieu in which
earthquake engineering developed. You can’t understand what makes microorganisms grow
unless you take into account the culture around them in the Petri dish. Key indicators of the state
of technology and science as of a particular time in a given country, major political or economic
events, and other aspects of the general historical context are provided to help the reader “walk
in the shoes” of someone living in that earlier time. Though earthquake engineering is the
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preoccupying interest here in this work, it is but one of many small topics in the history of any
country.
Earthquake Engineering
Earthquake engineering is of course our central subject here, including the establishment of key
organizations and research programs, passage of seismic regulations, development of
engineering methods, construction of important buildings or other construction, and important
milestones in the careers of important individuals.
Earthquakes
A short list of the earthquakes that had the biggest effect on the development of earthquake
engineering is provided. Note that this is a quite different criterion than applies to the typical
seismological catalog of earthquakes, in which completeness of the record is essential, nor is it
the same as a list of the most devastating disasters. If this were a history of how modern
medicine developed, for example, large but ancient epidemics would not be a big part of the
story, whereas the germ theory of Louis Pasteur or the discovery of penicillin by Alexander
Fleming would be important episodes. Where we have earthquakes today, we have had
earthquakes for thousands or millions of years, but the ancient events came too early to play a
role in the development of earthquake engineering methods, simply because they predated
engineering itself, along with its foundation of science. In having an effect on originating
earthquake engineering in a country, there are relatively few “beachhead earthquakes,”
earthquakes “that not only brought earthquake engineering to the shores of a country — they
established that discipline there and kept it from being shoved back by various competing
interests over the following decades.” Three conditions are necessary. “(1) The earthquake was
very damaging; (2) it occurred when civil engineering in general, along with seismology, had
advanced to the point where earthquake engineering could extend from those fundamentals; and
(3) it happened when there was at least minimal political receptivity to the idea of earthquakeresistant construction laws.” (Reitherman 2006 p. 145) Of these three criteria, many earthquakes
have been destructive enough to meet criterion number one. The second prerequisite of a preexisting civil engineering capability has meant that the field could only rapidly develop from the
late 1800s onward. And criterion number three places the initiation of major earthquake
engineering developments into different decades for different countries, because of varying
social, economic, and political factors. The reader should also keep in mind that there are cases
where earthquake engineering began to develop in a country in the absence of any key
“beachhead earthquake.”

Chronology and History, Kinematics and Dynamics
When we place chronology and history side by side and compare them, we find that history
needs chronology but cannot be completely derived from it. On the other hand, because history is
subject to the changing winds of political and other biases, chronology serves to impose some
essential objective discipline on the field. At the very least, one aspect of falsifiability can be
employed: An event that happened after another event could not have caused it. The chronology
of earthquake engineering can be thought of in terms of its “kinematics” and its history as its
“dynamics.” The kinematics depicts what the pieces of that engineering history were, their size
and shape and how they jostled together. To make a history of that chronology, however, we
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need to go deeper and understand the forces that caused those pieces to move—the dynamics of
the system. In mechanics, kinematics is the branch that studies how things move and describes
their positions as they change with time. Dynamics is the branch of mechanics that studies why
things move. Kinematics is interested in the trajectory, dynamics in the forces that cause the
object to take that path. Chronologies are like kinematics, histories like dynamics. Histories
attempt to analyze the forces that caused events to move as they did. The charting of the change
in position of events that chronologies provide are very useful to that historical work, but they
are not the same thing. Attributing causation to developments is the difficult task that separates
history from chronology. One continually asks the same question -- if X had not occurred, would
Y or Z have happened anyway? In answering such tough questions, historians never have a
chance to run the experiment, let alone run it several times to see if they get the same results.
History is irreproducible.
While a chronology is a bare framework, it is much more than a mere framework. Condensing
key events and dates into comparative chronologies is an extremely instructive way to consider,
evaluate, and accept or reject generalizations that explain why a field evolved as it did. Listing
events that occurred in society at large or in a related discipline reconstructs to some degree the
essential fact of the personal experience of history. Each of us lives in a particular time, affected
not only by a career in a particular field but ideas and forces from many other sources.
Daniel Boorstin notes that we must not assume that because an event occurred at about the same
time as another that it in fact could have worked an effect through people of that time.
“(Contemporaneity)… depends not only on what happens when and where, but on who knows
what, when, and where." (Boorstin, 2005) Due to the rapid increase in almost instant
communication across large distances, across national boundaries, and across disciplines via
knowledge search mechanisms of the World Wide Web, across languages with the availability of
more translation and the spread of English as a common science and engineering language, we
tend to assume that an important paper or book published in a given year, or observations made
of a key event such as a major earthquake, will be widely known about in that same year,
perhaps within days or weeks. As we excavate through the layers of the past, however, we
relatively quickly must be sensitive to the longer time delays of previous eras.
Boorstin has also commented on the usefulness of comparative timelines in their portrayal of the
“polychromatic” experience of any age. He also cautions us that “Crucial dates, we are told, are
the Landmarks of History. But if we teach history as chronology the landmarks overshadow the
landscape.” It is necessary to put the landmarks and milestones in place along a narrative road in
the broader context of the historical lay of the land.

Why Only the Selected Countries?
Why focus on only a chosen handful of countries? The answer is simple: That was what was
manageable in this project of modest scope. This work tries to do half as much twice as well,
rather than attempting too much.
Why pick those particular countries? First, they are all worthy of being on a list of the top dozen
or so countries of the world in their roles in developing earthquake engineering. Others are
worthy as well, but I would maintain that all of the countries discussed here, from different
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regions of the world, have rich earthquake engineering histories that have much to teach us. In
addition, they represent a great variety before even discussing earthquake engineering: variety in
culture, language, government, religion, economic development, architectural tradition.
The chapter divisions used here are along national lines, not lines of nationality. For example,
British individuals have contributed a remarkable amount to the growth of the field. Robert
Mallet in the 1850s and John Milne in the 1870s, began to make great progress. Many would call
Mallet the first earthquake engineer or parent of that field, and likewise for seismology with
Milne, which I do not dispute. Both did significant work in Britain, as well as Italy (Mallet) and
Japan (Milne). Today it is the Society for Earthquake and Civil Engineering Dynamics in the
United Kingdom that bi-annually awards the honor of the Mallet-Milne Lecture, the first of
which was delivered by Nicholas Ambraseys, long associated with Imperial College in London,
but whose work has focused on many seismically active countries from the Mediterranean to
India. Individuals such as these could be grouped to discuss the history of earthquake
engineering in the United Kingdom, but instead I have chosen to allocate content according to
the country where the development occurred or was studied. In any event, the influences from
one chapter or one country spill over into others, increasingly so as the field has broader
international participation today than it did a century ago.
One of the problems in writing a history of earthquake engineering is that very fact: the field has
grown to be significant in so many countries. At last count, for example, the seismic building
code regulations of 54 nations are tabulated in the International Association for Earthquake
Engineering worldwide list (see Figure 1-1) and there are about the same number of nations
represented in the IAEE membership. Simply taking seismic codes as an indicator, however
simple that is, requires a consideration of the fact that as the years have passed, the codes have
literally become weightier. The early codes were contained in a few pages; today one needs
hundreds of pages of documentation on the bookshelf to be able to consult “the code”. In most
cases today, a code for the design of buildings, bridges, or another type of structure incorporates
by reference materials and other standards, or assumes conformance with professional practice
guidelines, all of which have to be considered an integral part of “the code.” Thus the growth of
the engineering field as measured by codes is actually much greater than indicated by graph of
Figure 1-1.
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Figure 1-1. Growth in Worldwide Number of Seismic Codes
Source: International Association for Earthquake Engineering (2004, 2000, 1996, 1992, 1980a, 1980b,
1976, 1973, 1966, 1963, 1960)

In terms of another measure of the expansion of earthquake engineering, its literature using as an
indicator the number of papers in the World Conferences on Earthquake Engineering held
approximately every four years, the growth is also graphically obvious. See Figure 1-2.
Unfortunately, there have been only a very few papers in that total body of literature devoted to
the history of the field, but in effect each of those papers and the topic it reports on in some way
adds to the story of the field’s history, and thus it becomes more difficult each year to tell that
lengthening story.
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Figure 1-2. Graphic Indicator of the Growth in Earthquake Engineering Literature
(photographs of the proceedings of the first ten World Conferences on Earthquake Engineering, which
were published on paper, and converted heights of CD-published proceedings for the eleventh through
thirteenth; countries where the conferences were held are listed under the dates)

The GSHAP map shown in modified, simplified form at the beginning of this chapter provides
another picture of the large scope of the subject of earthquake engineering on a worldwide scale.
In that map, the black areas are all of the regions shown above the Low Hazard level on the
original GSHAP map, i.e., all the areas expected on average in 475 years to experience a peak
ground acceleration of at least 0.8 m/sec2 (8% g). Within those swaths are many countries or
portions of countries, and by a geologic hazard definition, one could argue that all those areas are
worthy of historical treatment. Again, to keep the scope manageable, and to avoid piling up so
many facts that the most important points in the history of this field become buried, it has been
necessary to be selective.
In my travels and discussions, I have encouraged individuals in many countries to write histories
of their own. In some cases, as acknowledged later, there have been papers written along these
lines, and they have proven to be very valuable to the work accomplished here. I hope the
present effort encourages others to collect and analyze the history of earthquake engineering in
their countries. In that regard, there are several rich types of sources to be sought, including the
following:
•
•
•
•
•
•
•

documentation that may not be routinely preserved, such as older PhD theses,
correspondence, and manuscripts
architects’ and engineers’ drawings and calculations
organizational histories, such as of university programs, companies, or agencies
oral histories of people who can provide first-hand recollections of significant events in
the field’s earlier years
artifacts such as instruments, calculators and computers, laboratory equipment
models, or samples of materials
photographs and motion pictures.

Individuals, universities, companies, agencies, and museums all have their role to play in this
important effort, and, I would argue, they have a responsibility.

Why the Emphasis on the Early Years?
The earthquake engineering field grew rapidly in the last decades of the twentieth century, which
might indicate that the majority of the historical account here should be devoted to that period
and its vast number of individuals, research accomplishments, construction projects, seismic
code provisions, and other aspects of the field. I take exactly the opposite approach, however,
devoting more treatment to the early years of the field than its current era. I have done this for
two reasons.
First, there is the sheer volume of information this particular field has produced over the past few
decades, as noted above.
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Second, there is the problem any historian routinely faces when studying the recent past, when
events are easier to journalistically chronicle than critically evaluate. This is very problematic
when it comes to naming key individuals of today and singling out their achievements, which is
inevitably a selective and subjective process. So, I have shied away from that. The absence of the
names of my contemporaries or the generation before that does not mean that there are no great
creative earthquake engineers today and that all the significant accomplishments have already
been made by the earlier pioneers. Conversely, the vast number of awards that are now given out
annually in the earthquake engineering field, as compared to their absence when the field was
developing, is not a valid comparison of the creativity of the field today as compared with
yesteryear. Historians write about the past, but there has not yet been a single one who did not
live in the present. While the filters of interests and preferences affect how we see events that
happened long ago, those sieves are much more active when we evaluate the recent past or
current events. We can only positively discern a trend from a fad when we have a few decades
between us and it, to see if it panned out. One historian (Fairbank 1986 p. ix) has made the
bittersweet point regarding the way the work of historians is passed on, and adapted and changed
by those who follow: “Each generation learns that its final role is to be the doormat for the
coming generation to step on. It is a worthy, indeed essential, function to perform.”
To some extent, being influenced by the present is not a bad thing, for what attracts most people
to history are the connections they see from the past to the present, but biases nonetheless are
more likely to arise in dealing with the recent past or the present. One of the historians who took
on the broadest and most expansive scope of history (the history of the world), working a century
ago, John Clark Ridpath, noted that “perspective ceases for want of distance. The events to be
considered are only of yesterday, disproportioned by their nearness, undetermined in their
historical relations. There is a point at which the serious and elevated narrative of history
descends through contemporary documents and reviews into mere journalism, and is lost in the
miscellany of the morning paper.” (Ridpath 1899, vol VII, p. 451)
Many other historians could be quoted making the same point. In our own field of earthquake
engineering, we also find that those who have dealt seriously with its history adhere to this
conclusion.
One of the pioneers in the field, and also someone with an interest in the history of it was
Professor Donald Hudson of the California Institute of Technology. In a historical paper
(Hudson, 1992, p. 12), he emphasized the period up through the 1930s with brief reference to the
10th World Conference on Earthquake Engineering of 1988 as a then-contemporary milepost of
how far we have come. He, concluded:
We shall arbitrarily end our brief history of earthquake engineering just as the
present generation begins its work. The subject is now developing so rapidly
that our text would need to be revised almost daily, and we are too close to
these current events to achieve that level of detachment so essential for the
writing of history.
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A person with as much right as any to the title of being the key parent of earthquake engineering
in its modern, twentieth century era, Professor George Housner of the California Institute of
Technology, wrote (1984, p. 25):
Earthquake engineering is a 20th Century development, so recent that it is yet
premature to attempt to write its history. Many persons in many countries
have been involved in the development of earthquake engineering and it is
difficult, if not impossible to identify the contributions of each. Many
advances in the subject are not well-documented in the literature, and some of
the documentation is misleading, or even incorrect. For example, in some
instances, earthquake requirements were adopted in building codes but were
not used by architects and engineers. And in other instances earthquake
design was done by some engineers before seismic requirements were put in
the code. A history of earthquake engineering written now could not present a
satisfactory account because of poorly documented facts and, in addition,
there are still many people that remember relevant information and would be
severe critics of a history. To write an acceptable history, it is necessary to
wait till most of the poorly known facts have disappeared from memory and
literature, then with a coherent blend of fact and fiction, history can be
written.
While we should tread carefully in exploring the history of earthquake engineering in the recent
past, and even over the past century, Elnashai (2002 p. 967) makes a comment that inspires us to
go down that path: “One of the founders of modern earthquake engineering, George Housner,
often states that it is too early to write a historical review of the development of this interesting
and inter-disciplinary topic. This is indeed true, but without minor contributions along the line,
the prospects of writing such a review diminish with time.”

The End of (Earthquake Engineering) History?
As the Cold War was ending with the dissolution of the Soviet Union, Francis Fukuyama wrote a
provocatively titled article, “The End of History?” (1989), later expanded into a book
(Fukuyama, 2003). His political thesis was that “a remarkable consensus concerning the
legitimacy of liberal democracy as a system of government had emerged throughout the world
over the past few years, as it conquered rival ideologies like hereditary monarchy, fascism, and
most recently communism. More than that, however, I argued that liberal democracy may
constitute the ‘end point of mankind’s ideological evolution’ and the ‘final form of human
government,’ and as such constituted the ‘end of history.’ (Fukuyama, 2003, p. xi) Fukuyama’s
political science point seemed stronger in 1989 than today. At present, many and perhaps most of
the one-sixth of humanity who are Muslims do not seem to subscribe to the idea of universal
Western values of democracy, as compared to theocracy, civil liberties rather than group-defined
rights, feminist rights as compared to traditional Mideast gender relations, or multicultural and
multi-religious pluralism rather than an integration of religion and state. As of the early years of
the twenty-first century, fundamentalist and sometimes violent jihadist Islam seems to constitute
one of those global-scale “rival ideologies” that Fukuyama predicted would exist no more. But
here I restrict my attention to an interesting analogy Fukuyama’s work poses in the field of
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earthquake engineering, leaving aside his particular political thesis. Can we make an analogy of
his “end of history” thesis in the field of earthquake engineering?
If we substitute “earthquake engineering” for “liberal democracy” in the above quotation from
Fukuyama, we have the following thesis: earthquake engineering in its present state has both
matured and been recognized worldwide as the endpoint of technological evolution with regard
to earthquakes, i.e., earthquake engineering, and while there will be incremental changes,
earthquake engineering has matured to its final form.
Has earthquake engineering run its course? This is quite distinct from saying it has “run out of
gas,” for the “end of earthquake engineering history” thesis is precisely the opposite and states
that its very success and institutionalization have placed it on a plateau from which it will not
fall. But the question is whether the field has matured and is largely finished with the era of
saltations that jumped the field ahead, and also that an international consensus or
homogenization has occurred. Growth of a field and its maturity are two different things. There
is no doubt, as indicated by some of the examples above, that the field has grown greatly. There
is also no doubt that the further implementation of earthquake engineering remains a major
challenge, as millions of buildings and other construction works already exist and are daily built
in seismic regions without adequate seismic protection. But the question that probes the
intellectual history of earthquake engineering is, has the field run out of bold new intellectual
developments?
From the vantage point of 1966, John Rinne, then president of the International Association for
Earthquake Engineering, wrote:
“It is interesting to the student and to the earthquake engineer to note both the
similarities and the differences in the practices in the world. We have much yet to
learn, and we can learn from each other. While complete uniformity of practice
throughout the world is not necessary, nor even desirable perhaps, it would seem
that since the earthquake phenomenon itself is substantially the same as nature
displays it world-wide, that eventually we may see more uniform expression of
the principles needed to be applied to resist earthquake motions in man-made
structures. (Rinne 1966)
The “uniform expression” prediction of Rinne tends to argue in favor of the “end of earthquake
engineering history” thesis. The pages of the history related here describe many fundamental
advances, breakthroughs, and firsts that occurred from shortly before the twentieth century up to
its last two or three decades. Joseph Penzien (Penzien 2004, p. 86) can be instructively quoted at
some length in his answer to the question, Will there be revolutionary changes in earthquake
engineering over the next 50 years?
Well, I can’t predict the future, I can only hazard a guess. I would say no, the
changes during the next 50 years will be incremental, not revolutionary, which is
not to boast about what people of my generation accomplished. You have to
realize where we were starting from—there was so little known, so much to
discover. My colleagues and I and our doctoral students could pick up a
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challenging new earthquake engineering problem that hadn’t been solved or even
accurately framed as a problem, survey what was known, conduct research along
new lines of thought, and come up with something fundamental. We would
publish papers that were sometimes the first time when even the terminology was
used, let alone the concepts. Then, we could turn our attention to some other
fascinating problem and try to come to a basic understanding of its principles and
work out some practical consequences of use to the practicing engineers. I’m sure
the next 50 years will bring wonderful advances, but I’m glad I had a chance to
live my career in what you might call the pioneering era.
This puts into perspective the fact that it is not a contest between eras but the context of eras.
Tenzing Norgay and Edmund Hillary were the first to climb Mt. Everest on May 29, 1953. By
the year 2,000, there had been so many successful ascents, 1,300, that the cumulative amount of
litter left behind had become a significant problem. There is only one first time, and even though
subsequent improvements and refinements may in some sense surpass an earlier record, history
awards its highest honors, the distinction of something being called “historic” to the former, not
the latter.
The suggestion that a field that has attracted bright minds for several generations is now passé,
that what is in store for us is just more of the same, grates on anyone who has a career in that
area or who has invested an education in it. So first, those of us in the field must put that
emotional response aside and critically consider the question: Have the fundamental advances,
the pioneering breakthroughs, the important “firsts,” all been accomplished? As of the close of
the twentieth century, advanced computer software is employed in research and design, isolation
and energy dissipation devices are routinely manufactured and installed, and post-earthquake
evaluations tend to conclude that in cases where the state of the art of seismic design as of the
1980s or 1990s is used, the construction performs safely. More data will refine earthquake
engineering theory, but perhaps there will be no breakthroughs in earthquake engineering theory.
Already existing ideas will be more widely applied to lessen risks, but perhaps no brand new
ideas will be conceived. Perhaps we are now maintaining and gradually extending the field’s
significance and sophistication, but not creating new significant developments. Taking the
viewpoint of one outside the field, one might skeptically wonder if statements about how
innovative the current period is might be cold-heartedly called the position of “the earthquake
industry” (Reitherman, 1999), an interest group as much as it is a “community,” which lobbies
with this public relations message because it serves its interest. The problem the field faces in
trying to invent ever more exciting, newer ideas and technologies is that in an engineering field,
ultimately it is only what gets built that is relevant. One cannot sit on National Science
Foundation review panels and appear before them without observing that there is a tension
between earthquake engineering that is practical and that which is called by lofty names such as
“transformative,” “radically new and challenging,” or “a new paradigm.” In the early years of the
field, bold new thought came forth, and within the lifetime of the creative thinkers the
breakthroughs were put into practice. It is inevitable that with a field advanced in years, rather
than a youthful one, it is harder to be both original and practical.
Many in the earthquake engineering field today would take up the con argument to the
proposition that the field has plateaued. One can argue that we don’t know enough. Current
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research is exciting and groundbreaking. We have many creative new ideas; computers and
information technology will produce unimaginable developments. “Technology” in the first half
of the twentieth century in the earthquake engineering field was largely limited to the Industrial
Revolution variety – steel, concrete, construction equipment, testing machines. “Technology” for
the past few decades has included remarkable advances in the era of the Computer Revolution,
which developed for reasons unrelated to earthquakes. Consider, for example, unexpected
developments that our field has put to use: the global positioning system (GPS) and monitoring
of seismic strain or even perhaps in the future strong motion measurement; wireless
instrumentation; remote sensing using satellites that can be an aid to compiling pre- or postearthquake inventories of construction; computer-controlled shake table and reaction wall
experimental facilities not only larger but more sophisticated than their first generation relatives;
virtually instantaneous Internet-communicated data; vast amounts of computer hardware
“horsepower” combined with engineering software that is as easily used as it is sophisticated.
The effects of the Computer Revolution are occurring so rapidly at present that no one can
reliably divine what they may be a few decades from now.
We also learn something new from each major earthquake, a data point in favor of the argument
that the field has not stabilized its intellectual basis. While there was extensive inter-disciplinary
collaboration between engineers and seismologists in the very beginnings of the earthquake
engineering field, inter-disciplinary work occurs on a broader front today, and we have yet to see
all the progress that can result when there is joint activity among planners, architects, financial
organizations, emergency management, and others outside the field’s core of engineering and
seismology. Countries have different styles of construction and approaches to seismic design,
with major projects and research using current seismic know-how being accomplished where
only a few years ago earthquake engineering was unknown or uncommon. A century ago
engineers were faced with the problem of designing buildings up to about ten stories in height in
seismic areas, while today super-tall buildings of more than 100 stories are built, ever seeking
the prestige of the world’s tallest building with literally the sky the limit, and a sports arena of
today may be large enough to contain all the large buildings that existed in a city’s downtown a
century ago. The Akashi-Kaikyo Bridge is over one and one-half times the span of what was the
longest bridge in the world from 1937 to 1964, the Golden Gate Bridge, and even longer bridges
are being planned today. Transportation and utility systems even more than buildings may take
advantage of computer technology to make their seemingly inert metal and concrete
infrastructures “smart.” Engineers will learn new ways to make these new types and sizes of
facilities earthquake resistant. Far more bright young people are in the earthquake engineering
field today, for example the thousands of students around the world in master’s or PhD
engineering and seismology programs, than the sum of all the first of the pioneers who originally
developed the field from 1850 to 1950. The large intellectual capacity graduating from the
universities of the world each year must surely be able to produce some great innovations.
Predicting that we already know so much that the future of the field will just be a series of
incremental advances with no major developments may be unwise, just as Fukuyama’s
prediction in the field of political science seems to so quickly have turned out to be flawed.
Which viewpoint will prove the more valid as the twenty-first century progresses is perhaps the
key question for the field in terms of its intellectual content and the history of technology. Are
we on an endless plateau, a stable and comfortable position to be in but not an exciting one, or
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are we about to climb more mountains? If judging the recent past is risky, then speculating about
the future is, in the words of Shakespeare (All’s Well That Ends Well, III, 3) “the extreme edge
of hazard.” I conclude this introductory section without attempting any predictions at that edge
and instead merely try to objectively frame the two sides to the debate. Readers are invited to run
the question through their own minds to consider one of the larger, longer-term historical
questions in this field. Have we reached “the end of earthquake engineering history” in terms of
its technical and intellectual development (even though there is much more to be done as we
walk along the path of more widespread implementation), or are we entering a period of
innovation, change, and advancement in which the field will jump to a significantly higher level?

21

Chapter 2
Japan
Along with Italy, Japan is the nation where the
earliest significant developments occurred in
what was to become earthquake engineering.
In 1860, Japan had not begun to apply civil
engineering techniques to the earthquake
hazard. In the 1870s, earthquake engineering
began to sprout. Continuing the analogy, we
can say that today Japan is a “forest” of
earthquake engineering—sophisticated
laboratories, in many cases such as shake
tables having the world’s best facilities;
numerous academic education and research
programs devoted to the subject; architectureengineering-construction companies skilled in
providing earthquake-resistant construction;
mass programs to prepare the population for
the contingency of earthquakes, based on
scenarios built up from detailed seismological
and engineering research.
Our focus here is on the past rather than the present, and so we are most concerned with how
earthquake engineering began in a particular country. “In the case of the inertia of society as with
the inertia of the mass of an object, the initial force that gets something moving in a particular
direction, not the additional nudges that accelerate it in that direction, is the one that is most
deserving of our attention.” (Reitherman 2006) In the history of earthquake engineering in most
countries, we need not mention many particular names or events prior to 1900; in Japan, we
should name dozens. In most countries in the early years of the twentieth century up to about
1930, we still need not relate in detail many prominent names of engineers nor single out key
laws, seismic design methods, examples of earthquake-resistant construction, or earthquake
engineering research programs. In Japan, however, there is abundant content in that period to be
studied. Although there were some earlier precedents and events that prepared the ground prior
to 1930, it is only as of that decade that some of the other countries that were to be leaders in the
field began to accelerate their development, half a century after Japan. One benchmark that
records when a country begins to seriously undertake the engineering developments necessary
for earthquake-resistant construction is the year when seismic regulations were first adopted and
broadly applied. In that regard, the following list is instructive:
•

Chile, 1930 General Code of Construction
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•
•
•
•

New Zealand, 1931, General Earthquake Building By-law
United States, 1933, Field and Riley Acts
India, 1935-1940, Earthquake Resistant Design of Low Buildings regulations
Turkey, 1940, Ministry of Public Works Regulation for Institutional Buildings.

In the above-named countries, it is also true that the education and research efforts concerning
earthquake engineering prior to the 1930-1940 time period were embryonic, with the number of
full-time faculty in the field in the entire nation being between zero and two or three; the number
of laboratories doing any earthquake engineering research was also between zero to two or three;
and none of the above-listed countries had systematic programs for studying and learning from
damaging earthquakes as had already been underway for decades in Japan. By the decade of the
1930s, Japan had years of experience with these types of earthquake engineering developments,
the building code contained seismic regulations, and even earlier buildings were designed with
seismic calculations recognizably related to what was to become the mainstream of earthquake
engineering. So, we emphasize the earlier years here to analyze the different path taken, and
taken so early, in Japan, as compared to most other countries.
In recorded history, Japan has experienced 38 earthquakes that have caused 1,000 or more
fatalities (Dunbar et al. 2006). Limiting our scope to only earthquakes with 10,000 or more
fatalities still results in the sizable total of nine. For example, consider one Japanese earthquake
with massive losses, the one that occurred May 27, 1293 in Kamakura, south of Tokyo on the
East coast. Though the earthquake is estimated to have killed over 20,000 people, it did not have
any engineering effect commensurate with that destructiveness. The ability to calculate forces
and strains of any sort, to model and analyze a structure using mathematics, of course did not yet
exist anywhere in the world for about another five hundred years.
Japan accounts for only one quarter of a percent of Earth’s land area, but about 20% of the
planet’s significant (M 6 or larger) earthquakes. Compared to the State of California, Japan has:
• 93% of the land area but 3.7 times the population, a population density twenty times
greater
• 22 times the length of coastline (with most of that coastline subject to higher tsunami risk
than in California)
The nation’s largest city, Tokyo, is famous, or notorious, for seismic hazard because of the
massive 1923 Kanto Earthquake disaster, but it is instructive to also look at all ten of the largest
cities in Japan (see Table 5-1).

23

Table 2-1. Largest Cities in Japan and the United States and Seismic Hazard
Cities shown in descending population order; those with asterisks (*) are located in areas above the
GSHAP Low Seismic Hazard level.

Largest Ten Cities in Japan
* Tokyo
* Yokohama
* Osaka
* Nagoya
* Sapporo
* Kobe
* Kyoto
* Fukuoka
* Kawasaki
* Hiroshima

Largest Ten Cities in the United States
New York City
* Los Angeles
Chicago
Houston
Philadelphia
Phoenix
San Antonio
* San Diego
Dallas
Detroit

Using as a convenient measuring stick the GSHAP (1999) global depiction of the probability of
strong shaking, we find that all of the ten largest Japanese cities – in fact the entire country with
the exception of a rural area on the northern coast of Hokkaido – are above the Low hazard level
threshold, with most, such as Tokyo and Yokohama, in the very highest category. It is difficult to
find another country that has “all of its eggs” in such a seismically threatened basket. In the
United States, for example, the comparable listing of the ten largest cities shows only the two in
California, Los Angeles and San Diego, exceeding that same threshold of the seismic hazard of
strong shaking. While it is often stated that there is “significant” earthquake risk in the USA in
“at least 39 states” (National Science and Technology Council 1996, p. 1), one can only add up
that many by including states such as Kansas and Nebraska, which are largely very low in
seismicity. The figure of 39 states is arrived at by using a low threshold of expected motion and
counting small corners of states that fall into that category. Areas of states that have the very
highest seismic hazard level, as shown in the map areas (NEHRP Provisions) or earthquake
zones (as used for many years in the Uniform Building Code), with the exception of California,
do not also have large urban areas located in those zones. Western states such as Alaska, Nevada,
Montana, and Idaho, where this highest level of seismicity is found, are not densely populated.
When any standard measuring stick is applied to Japan and the United States, it is obvious how
national the risk is in Japan and how regional it is in America. Of the countries that have high
seismic risk spread over their entire country, none has as much population and economic value at
stake as Japan.
Perhaps rather than ask why it is that Japan has had such a vigorous history of earthquake
engineering, we should wonder how surprising it would be if it had not. Nonetheless, other
nations have been subject to frequent strong earthquakes that affected populated areas, such as
China, Iran, Taiwan, Pakistan, or Armenia to name a few, and yet did not begin to develop
modern earthquake engineering as early as Japan. Thus, taking an international perspective
toward the subject of the development of civil engineering techniques to contend with
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earthquakes, we have to look for other causal factors in Japanese history besides its high
seismicity.
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1850 – 1900
Prior to this half-century, Japan was an insular nation, figuratively as well as literally. During
this short period of the latter half of the nineteenth century, it became a society that rapidly
imported science and technology from around the world, and in the last quarter of that timespan
it became the preeminent country in the world in earthquake research conducted along modern,
scientific lines.
In the 1850-1900 period, Japan changed from having a shogunate or bakufu form of government,
which had been little changed since 1603, to a country with a rapidly evolving parliamentary
form of government with only the vestiges of monarchy that was similar to that of several
European nations. The fact most relevant to the subject here is that in this timespan, it surpassed
its previous tradition-based incremental efforts toward earthquake-resistant construction, and
reliance on mythology rather than seismology to understand the origin of earthquakes, to an
engineering-based approach that was to be the way of the future. It was also a time period of
very devastating earthquakes.
Japan began from the position of being essentially stationary and behind several other countries
with respect to scientific and engineering seismic studies. Comes now the key historical
question: How did Japan accelerate so rapidly from that initial at-rest position to move out in
front of all the world’s countries by the turn of the century?

General Historical Context: 1850-1900
On July 8, 1853, Commodore Matthew Perry (1794-1858) sailed four steam-powered, cannonbristling, American warships into the Uraga portion of the greater Tokyo Bay and presented
demands from US President Millard Fillmore for a trade treaty on a basis favorable to the United
States. That event presented the Japanese with a challenge that quickly became clearly defined.
(The “event” actually spread over 1853, Perry’s initial arrival, and 1854, when he returned with a
larger fleet after going to China). The choice was either to rapidly adopt and adapt Western
technology to avoid being dominated by the US, and by the European powers that quickly
followed the penetration of the United States, or suffer the fate of China, India, and other Asian
countries that had become increasingly controlled as colonies. The First (1839-1842) and Second
Opium War (1856-1860) were nearby lessons of how a much larger country than Japan, China,
could be forced to accede to humiliating treaty conditions harmful to its people in a conflict with
Western forces. The Japanese answer to this external threat was the Meiji Restoration.
The advanced information technology of the day, the telegraph, was displayed by Perry to
impress the Japanese.
Posts were brought and erected as directed by Messrs Draper and Williams, and
telegraphic wires of nearly a mile in a direct line were soon extended in as perfect
a manner as could have been done in the United States. One end of the wire was
at the treaty house, the other at a building allotted for the purpose, and
communication was soon opened between the two operators in the English,
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Dutch, and Japanese languages, very much to the amazement of the spectators.
(Pineau, editor 1968)
The demonstration of an advanced technology not only amazed the Japanese; it was to prove to
be an easily learned lesson on how to hold their own vis-à-vis the powers of the West.
The Japanese traditionally number their years according to the reign of an emperor. By Japanese
custom, the emperor is referred to in terms that essentially mean “the emperor” during his
lifetime rather than using the imperial or individual names shown below, though during his reign
that era is known by the imperial name. Upon death, the emperor is then called by the imperial
name. The first year of the reign of the Emperor Meiji, which began in 1868, is Meiji 1, Meiji 2
is 1869, Meiji 3 is 1870, etc. The names of the imperial periods in modern times, the imperial
names in English, and the individual names of the princes prior to their use of their imperial
names are as follows.
• Meiji:
(1868-1912), Enlightened Rule, Mutsuhito
• Taisho:
(1912-1926), Great Righteousness, Yoshihito
• Showa:
(1926-1989), Enlightened Peace, Hirohito
• Heisei:
(1989), Peace Everywhere, Akihito
A brief review of the historical context of the 1850-1900 period in Japan is not a detour around
our earthquake engineering subject but leads to the core of that topic. We cannot understand the
rapid rise of earthquake engineering in Japan without understanding the country as a whole in
this time. In response to a sudden challenge from abroad, Japan adopted the national strategy
succinctly defined in the sayings fukoku kyôhei (rich country, strong military) and sonno-joi
(revere the emperor, drive out the barbarians). In the United States, the 1957 launching of the
first artificial satellite of Earth by the rival Union of Soviet Socialist Republics is known as a
great catalyst of change in American science, engineering, and education, but that effect was
minor compared to what happened in Japan in the last half of the 1800s. A single-minded
national plan was put in place to hire foreign experts (yatoi), have them impart their knowledge
to a first generation of newly trained Japanese, and then have home-grown technology and other
development proceed from there. In 1870, the national government established an agency, Kobushu, variously translated as the ministry of industry, of engineering, of civil engineering, headed
by Hirobumi Ito. A division of the ministry, Kobu-ryo, was set up in 1871 and dedicated to
technical training, and organization in essence later became the nation’s engineering college,
Kobu Daigakko. (Otani, 2007) A few statistics illustrate the rapid growth of technology and the
engineers who knew how to control it in the Meiji era. Between 1870 and 1885, Kobo-shu
employed a total of approximately 750 foreigners, about 75% of whom were engineers. By 1880,
it only employed seventy-six foreigners, as their roles were replaced by the Japanese who had
acquired the necessary expertise. (Beauchamp and Iriye, 1990, p. 242). Between 1868 and 1874,
550 students studied abroad: 209 in the United States, 168 in the United Kingdom, 82 in
Germany, and 60 in France. (Burks, Ardath 1985, p. 169) While that trend of sending students
overseas to study continued, as of about that date we shall see that the rise of educational and
training resources within Japan is an even more significant trend, particularly with regard to our
topic of earthquake engineering and the growth of the University of Tokyo.
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While making that decision to modernize itself and pay the social and financial costs was
difficult, and while the accomplishments of Japan in that half century are dramatically
impressive, there were several factors facilitating the rise of the modern, technologicallyadvanced Japan. In retrospect, Japan had several factors in its favor that make its rapid rise in the
earthquake engineering world more understandable. As it began the Meiji era in 1868, Japan had
at least two strong advantages.
First, it was one of the world’s more literate places, with a well-trained, industrious workforce.
The Meiji Restoration required creating universities of a Western type to create scientists and
engineers, but much of the intellectual and cultural wherewithal already existed. In
approximately the last hundred years of the Tokugawa period, the political and cultural center of
the country shifted from Kyoto to Tokyo (then called Edo). In this Edo period, Edobakafu being
the term for the administration of the shogun in this time, educational and cultural activities were
vibrant. This was the era when artists such as Ando Hiroshige and Katsushika Hokusai were
active, for example. A middle class was developing, business in Tokyo was bustling, and the
common person was increasingly exposed to a national rather than local cultural milieu. The late
Edo period was an era of social stresses and economic inefficiencies and grievances as well, but
the Meiji Restoration in many ways had the benefit of inheriting a strong cultural base. In
political science terms, prior to the Meiji era, Japan was a country, though the instruments of the
state would be considerably strengthened and spread more uniformly over the land in the Meiji
period; after the Meiji period, Japan was a nation-state as well as a country.
Second, the country had already long been unified under the Tokugawa Shogunate, beginning in
1603 with Ieyasu Tokugawa. Only a brief civil war would be required to cause the extinction of
that line of military commanders and replace it with a broadly nationalistic government under the
banner of the restoration of the power of the emperor. The result was an even more unified
government that mobilized formerly neglected sources of wealth, power, and talent from those
excluded by the shogunate. Whereas it was in the interest of the shogun to keep the nobility
under him divided and economically weak, with some regions that less reliably supported the
shogun intentionally hindered from accumulating wealth, the national interest that became
paramount in the Meiji period required utilizing all the resources of the country. The nation was
also fortunate to have Prince Mutsuhito (1852-1912) as the royal family member who became
Emperor Meiji, at age 15. He was enthusiastic about the modernization plans, left administrative
matters to the government ministers, moved the imperial headquarters to the largest city in the
country, Tokyo, from the more provincial Kyoto, and provided the necessary stamp of legitimacy
on the massive overhaul of society that was underway. Japan was a unified, cohesive society and
had no significant multicultural centrifugal tendencies. Instead, it was able to generate strong
patriotic values that helped make the civil war that ended the shogunate relatively quick and
nonviolent, forcing the last of the dynasty, Yoshinobu Tokugawa, from power, and creating
strong support for the Meiji unification of the country under a new government. We can draw
some interesting comparisons with America, whose Civil War (1861-1865) occurred
approximately at the same time. The fatality total of the US Civil War was 620,000; that of the
Japanese civil war or Boshin War, largely fought in 1868, less than 5,000, or less than 1% of the
comparable American death toll. The Reconstruction post-war period in the US did not deal
successfully with all the regional, racial, and economic conflicts underlying its civil war, and
these conflicts were to persist in American history.
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Called a “restoration” as if imperial power had only recently been displaced by that of the
shogun, in fact the emperors had for generations been more symbolic than powerful, and it
would be more accurate to call it the Meiji Reformation, or even the Meiji Revolution.
Considering the Meiji “Restoration” more accurately as a revolution, Reischauer makes this
observation about the key upper class supporting the revolution, the samurai, who constituted
roughly 5% of the population: “Not once did any of them attempt to acquire dictatorial power for
himself, quite unlike most of the revolutions that have occurred in modernizing countries in more
recent times (1981 p. 119).

The University of Tokyo
The name of the University of Tokyo evolved from Tokyo Igakko (School of Tokyo) in 1876,
Tokyo Daigaku (Tokyo University) in 1877, to Teikoku Daigaku (Imperial University), and later
to Tokyo Teikoku Daigaku (Tokyo Imperial University) when another Imperial University, at
Kyoto, was established. At times there were separate units like the Imperial College of
Engineering (Kobu Daigakko). The College of Engineering, which had a predecessor
organization dating from 1871, the previously mentioned Kobu-ryu, was officially established in
1873, and was absorbed into the overall university as the college or faculty of engineering in
1886. For simplicity, the post-World War II name, the University of Tokyo, is generally used
here for all these phases and aspects of the university.
In the West, universities had evolved from medieval philosophy-based academies like the
University of Bologna (established 1088) and the University of Paris (c. 1150, La Sorbonne
established 1257). As of the latter half of the 1800s, Western universities had adapted to the
teaching of science and even were beginning, particularly in Germany, the tradition of laboratory
research, but they were slowly evolving institutions. In Japan, there was no such medieval
luggage for the new university to carry along: The purpose of the university was to educate the
Japanese, in particular the engineers, who would modernize the country and make it the military
and economic equal of the threatening Western powers, and also be at least their equal in terms
of academic prestige. The engineering curriculum consisted of a six-year course of study: two
years of general education, two years of concentration in a given professional area such as civil
or mechanical engineering, and two years of technical training. The strategy was as quickly
formulated as it was clear, which may seem surprising in view of the fact that the Japanese
university leaders then did not have the advantages universities have today, such as frequently
updated committee-written articulations of a vision statement, a mission, a set of goals, a list of
strategic objectives, and an enabling conceptual framework.
What is easy to understand, if one gets under the weight of the experience of being Japanese in
the late 1800s and feels the situation they were in, is that engineers were essential to the national
strategy, in fact more essential than scientists. Applied research and applied technologies from
abroad would get the first railroads built, the country tied together with telegraph
communications, factories constructed that could manufacture steamships and printing presses.
Liberal arts studies were also present in that formative era, and the fundamental scientific
research was slowly developing, but the Japanese realized that if they imported a knowledgeable
professor from the West who knew telegraphy, within half a dozen years they would have their
own well-trained experts who could implement that technology, not to mention take over
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teaching that subject. The nation already had a rich artistic, theatrical, musical, and literary
tradition. What it needed from the West was technology. Engineers make technology. And who
makes engineers? They are trained by the engineers and scientists in universities and technical
schools. Thus, Japan imported engineers rather than merely buying technological products from
abroad.
Japan was careful to avoid relying on one nation in its importation of modern methods. After the
Germans showed their superiority over the French in the 1871 Franco-Prussian War, Prussian
models were followed in the army. The navy patterned itself after Great Britain’s. The central
banking system of Belgium was favored for adoption in Japan. Business models from America
were followed, and the Diet, the national legislature, was structured after British and German
precedents. As we shall see, though earthquake engineering was not on the list of types of
expertise to be imported, by accident it became so, in the process of bringing mostly British
engineers to the University of Tokyo who took up the study of earthquakes after they arrived. Of
the 3,000 yatoi (foreigners with special skills under contract for typically about three years) first
employed in Japan in the Meiji era, most would today be called engineers, including the
influential half-dozen at the University of Tokyo we now discuss.

Earthquake Engineering: 1850-1900
The eight original schools of the Imperial College of Engineering provide the essential list of
what the country needed to soon have constructed and operated.
•
•
•
•
•
•
•
•

architecture
chemistry
civil engineering
mechanical engineering
metallurgy
mining
shipbuilding
telegraphy

While telegraphy alphabetically falls last on the last, we shall see it has more than a minor
connection with the development of earthquake engineering, as indicated in the brief
biographical sketches of several important originators of earthquake studies in Japan. Today, one
says “technology” as often to refer to “information technology” as to the steel and concrete
technology of transportation systems or buildings. In the late 1800s, telegraphy was the
equivalent advanced information technology everyone had to have. While it seems primitive
compared to today’s communication and computer systems, telegraphy in some ways worked
greater changes on the generation that was introduced to it than the Internet-based field known as
information technology does today. The basic principle of the telegraph was invented by Joseph
Henry in 1830 (1787-1878) and perfected by another American, Samuel F. B. Morse (17911872), who had commercial systems in use by the 1840s. Prior to that time, the fastest way
humans could relay a message was to send messenger on horseback, or perhaps send a minimal
signal via mountaintop fires. Mechanical semaphore systems like the one Claude Chappe
invented in France in 1793 required closely stationed relay points on hills, where an observer
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with a telescope could make out the signs and pass them on. The electromagnetic telegraph,
however, which allowed people to send and receive complete verbal and numerical information
virtually instantaneously—even across continents and oceans--was the first of the
telecommunication revolutions, and perhaps not equaled today in its magnitude of change. To
have a cellphone that plays music and video images is a small step from the pre-existing
technologies of a regular cellphone and separate small music and video players; a cellphone is a
small step from the experience many people had for over a century of having access to a
telephone with a wire connected to it. But to go from telecommunicating nothing to
telecommunicating something was a huge jump. As noted below, William Ayrton was hired by
the university to fill the first chair of Natural Philosophy and Telegraphy, a quaint-sounding term
today, but then again, there may be many titles of professorships and courses in university
catalogs today that will seem dated in the future. The division at the University of Tokyo called
Telegraphy later became the Department of Electrical Engineering. Today, the university has
instead a department with a longer name: the Department of Electrical Engineering, Information
and Communication Engineering, and Electronic Engineering.

William Edward Ayrton
The man the Japanese hired in 1873, the year the Imperial College of Engineering was
established, to fill their first chair of Natural Philosophy and Telegraphy was an Englishman
named William Edward Ayrton (1847-1908). Ayrton had practical experience working on the
telegraph system of India, a system established two decades earlier in 1853 but still in its
expansion phase, not to mention some significant university research experience doing
experiments on electricity at the University of Glasgow as an assistant to William Thomson
(1824-1907), the man who would be knighted as Lord Kelvin. Kelvin was the son of the
professor mathematics at the University of Glasgow, where he was to become a professor. His
name as a baron taken from the River Kelvin that flows by the University of Glasgow, Kelvin
introduced the term and concept of kinetic energy to physics, and he himself was always in
motion. He was the head of the natural science division of the university of 53 years, and his
laboratory at the University of Glasgow was perhaps the single best source for obtaining
physicists and applied physicists in that time. Of more than trivial significance is the fact that
Thomson was knighted by Queen Victoria for his work on the telegraph, advancing the
technology to allow a transatlantic cable connecting up the Western Hemisphere with Europe. In
1858 Kelvin produced a practical mirror galvanometer, in which tiny fluctuations in the electrical
signal received from a long cable activated magnets on a suspended small mirror, and the rapid
rotations to and fro of the mirror, sent a meter or more to magnify the movement, were recorded
as the signal. Ayrton’s background with Kelvin, combined with his practical experience in India
working on the engineering of the telegraph system there, made him a wise choice by the
Japanese university leaders. Both backgrounds were related, because telegraphy was the most
advanced technology of the day, requiring a scientific knowledge of electromagnetism. Kelvin’s
advice on other faculty for the new university in Tokyo was sought over the years, and Japanese
students were sent to study physics in Scotland. Scotland is a small place, but it has had a large
effect on science and engineering.

John Perry
Ayrton, along with recently arrived Irish colleague John Perry (1850-1920), wrote a paper in
1879 on seismograph design (Ayrton and Perry 1879) that was work cited a century later by
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Caltech seismographic expert Donald Hudson as being “so far ahead of their time that they
scarcely influenced their contemporaries.” (Hudson 1992, p. 3-13). Hudson has also pointed out
that Perry and Ayrton wrote up their recommendations on earthquake-resistant design as well as
working on seismographs, publishing “On Structures in Earthquake Country” in 1879. These two
engineers and physicists, who published a paper in 1877 that “gave a fairly complete treatment in
mathematical terms of the response of a damped single degree of freedom instrument to base
excitation,” (Hudson 1992, p. 6), were primarily focused on the dynamic response of an
instrument, not structures, but both subjects interested them. When they returned to England,
Ayrton and Perry continued to collaborate on their research interests on electricity, precision
measurement devices, and other aspects that would generally be classified today as electrical
engineering. One of their more novel collaborations was the proposal to use projection
equipment to paint color patterns on clouds for the entertainment of a city at night. Perry in his
time at the University of Tokyo from 1875 to 1879, and Ayrton, overlapped in their time in
Tokyo, whereas Ewing arrived as Ayrton was leaving, and then Cargill Gilston Knott came to
the University of Tokyo as Ewing left. Perry, like William Aryton and James Ewing, worked as
an assistant to Lord Kelvin in his laboratory at the University of Glasgow.

James Alfred Ewing
James Ewing (1855-1935), a physicist and expert in magnetism, invented or co-invented several
seismographs while in Japan. He came to Japan in 1878 as Ayrton was leaving. Ewing was a
Scot, born and raised in Dundee, north of Twenty years before the University of Tokyo was
founded, the University of Edinburgh established a chair of technology, and long with the
University of Glasgow, was a world center of it. He received a degree in engineering at the
University of Edinburgh after first studying at Cambridge University. He also worked under
Lord Kelvin at the University of Glasgow. His mentor from the University of Edinburgh, Charles
Fleeming Jenkin, was an expert in laying telegraph lines in the ocean, and Ewing spent time at
sea on the project to lay a cable from Brazil to the West Indies. Ewing is credited with the
coining of a word in 1881 that is dear to the hearts of earthquake engineers today, hysteresis,
though its original application was to variations in magnetic flux with time, when a magnetic
quantity did not instantly return to its zero point, rather than the behavior of a structural material
that does not elastically return to its zero point after it is forced to deform inelastically. Ewing
invented the Ewing Duplex Pendulum Seismograph. The “duplex” referred to the fact that a
common, weight-at-the-bottom swinging pendulum was coupled with an inverted pendulum.
Ewing was one of the most prolific of the seismographic instrument inventors of the first
generation of professors at the university. Ewing left Japan in 1883, the year he wrote Treatise
on Earthquake Measurement, and was succeeded in his faculty position by Cargill Gilston Knott.
Ewing returned to Scotland, then moved to England and was a professor at Cambridge
University. During World War I, he was head of “Room 40,” the British navy’s intelligence
department that worked on cryptography. Sir Ewing – he was knighted in 1911 but not for his
seismic work -- eventually became the Vice-Chancellor of the University of Edinburgh (a
position in the British system of higher education higher than it may sound).

Cargill Gilston Knott
Cargill Gilston Knott (1856-1922), another Scot, and Ewing had known each other at the
University of Edinburgh, both working under a leading Victorian age physicist, Peter Guthrie
Tait (1831-1901), the counterpart of Kelvin at Glasgow. Tait was lesser known than Kelvin or
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the other greatest Scottish physicist of the time, James Clerk Maxwell (“Clerk” being
pronounced “Clark”), but often considered with them as one of the top educators and researchers
of the time. When Ewing left Tokyo in 1883, Knott arrived. By 1899 Knott had published the
equations knows as the Knott Equations for analysis of the way seismic waves refracted and
reflected as they encountered different material properties. Knott’s first love and forte was
mathematics. He returned to Scotland in 1892 after this time in Japan and maintained enough
interest in earthquakes to later (1908) write a book on the subject, The Physics of Earthquake
Phenomena. This was an early application of Fourier analysis to earthquakes. However, the
application was not what an earthquake engineer of today would guess. Knott used his
mathematical skills to try to detect recurring sub-patterns of seismicity in Japanese history, not to
analyze a ground motion record and break down its “musical chords” into individual “notes.”

Thomas Lomar Gray
Thomas Gray (1850-1908) was another Scot, from the University of Glasgow, who had been
recruited to come to Japan in 1879 to be Professor of Telegraph Engineering at the College of
Engineering. He left in 1888 to immigrate to the United States to be a professor at Rose
Polytechnic Institute of Technology (Housner 1984 p. 29), now Rose-Hulman Institute of
Technology, when his Tokyo colleague, Thomas Corwin Mendenhall (discussed next) had
returned to the US to be that university’s president. Along with John Milne, who will be
discussed presently, and James Ewing, Gray probably spent the most time working on the
development of improved seismographs while in Japan.

Thomas Corwin Mendenhall
Thomas Corwin Mendenhall (1841-1924) came to the University of Tokyo in 1878. Like the
other engineers and scientists who came to Tokyo to teach and do research, he was interested in
many things and not initially earthquakes. Among his non-seismic interests was using
quantitative verbal analysis (“stylometry”) to try to decide such questions as whether Francis
Bacon could have authored some plays attributed to William Shakespeare (he concluded in the
negative). Unlike his University of Tokyo colleagues mentioned here, he was American. He went
to Japan to join the other Western faculty there in 1878, returning to the USA in 1881, working
for the meteorology division of the US Signal Corps. In 1886 he became president of Rose
Polytechnic Institute, today’s Rose-Hulman Institute of Technology, then left in 1889 to be the
head of the Coast and Geodetic Survey and at the same time Superintendent of Weights and
Measure, where in the latter role he advocated adoption of the metric system. Meteorology was
Mendenhall’s first interest, but in that day, both weather and astronomical observatories often
were the only institutions that systematically collected seismic data, either intensity reports or
seismograms, and so he became one of the collaborators at the University of Tokyo on
seismographs and earthquake studies.

John Milne
This was an impressive list of creative minds who would make great contributions in
seismology—Ayrton, Perry, Knott, Ewing, Gray, Mendenhall--but the most important individual
who was recruited to come to Japan by the University of Tokyo was the English mining
engineer, John Milne (1850-1913). Milne had a college background in geology from King’s
College, London, but all of his working experience was with the practical business of mining, in
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England, Germany, Newfoundland, and Labrador. At that point in his career, at age 25, there was
nothing on his curriculum vitae to indicate he was to turn out to be the person most historians
and experts in the earthquake engineering and earth sciences name as not just a founder, but
perhaps the most important founder, of seismology. Once he had arrived in Japan from England,
via the overland railway route across Russia, beginning at the Imperial College of Engineering in
February of 1876, Milne soon found, as he put it, that in Japan “they had earthquakes for
breakfast, dinner, and supper, and to sleep on.” By 1880 he had either invented or co-invented
the horizontal pendulum seismograph in a form that was to be the founder of a long line of
reliable instruments of continually improved models used through the next century. In that year
he was also the prime organizer of the Seismological Society of Japan, serving as vice-president.
Ichizo Hattori of the University of Tokyo served as president. (Otani, 2007) Two years before,
Hattori had authored “Destructive Earthquakes in Japan” for the influential journal of the Asiatic
Society of Japan, an organization that brought together Japanese and foreigners in the scholarly
study of the country.
In 1882 Milne married a Japanese woman, Tone, daughter of a head priest of a Buddhist temple
in Hakodate in Hokkaido. She had a young nephew who was to be one of the students and
adherents of Tachu Naito, a key name in the history of earthquake engineering we will encounter
after the turn of the century. Milne stayed in Japan after his fellow foreign professors had left the
country, which was according to the Japanese plan to build up their own homegrown faculties.
The foreign left for Britain or the USA, never to specialize in seismology again. Twenty years
after his arrival in Japan, however, Milne was still a Japanese resident, still devoting himself to
studying earthquakes. A fire destroyed the home, his papers, and instruments in 1895, and only
then he returned to England, setting up his seismological observatory at his home in Shide, Isle
of Wight. Milne stands out from the other foreigners brought in to provide technical assistance
and build up university education in the Meiji Period in staying a full two decades in Japan, and
also in marrying a Japanese woman. Back in England with his wife Tone, he settled in the town
of Shide on the Isle of Wight and continued to devote himself to seismology for almost another
twenty years, till his death. A biography of Milne gives him the title “father of modern
seismology,” (Herbert-Gustar and Nott, 1980), and that judgment is widely accepted. Bolt (1984
p. 50) also makes the point that Milne, like Robert Mallet who came earlier and who began his
studies of earthquakes with the 1857 Neapolitan Earthquake in Italy, combined in one person a
seismologist and earthquake engineer, i.e., devoted to figuring out how the ground shakes, and
when and where, and how construction responds to the shaking so that adequate protection from
earthquakes can be achieved.
Of the three Scots, one Englishman, one Irishman, and one American mentioned above, Milne
stands out for several reasons. As noted, he took up the earthquake subject and devoted himself
to it henceforth as did none of the others. He was what today we would call a professional
observational seismologist, devising and running instruments to detect and measure earthquakes
– but he wasn’t always “professional” in the sense that he got paid for his work. He would
contribute his own funds and unpaid labor to the effort when funding was inadequate. He was
keenly interested in the engineering side of the earthquake field, including early ball bearing
seismic isolation schemes and measurements of the periods of vibration of structures, and
designed and operated with Fusakichi Omori the world’s first shake table (1893), and described
the vulnerability of buildings in terms of construction classes. With regard to the shake table
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research, conducted on objects to try to calibrate ground motion intensity with acceleration with
overturning of stone or masonry monuments, it is interesting that apparently this line of research
in Japan did not evolve into broader structural testing. Today Japan is renowned for its shake
table facilities subjecting large models, even full-scale multi-story ones, to the simulated
earthquakes. However, the work of Omori and Milne seems to have not led in that direction.
Work in the USA at Stanford University after the 1906 earthquake and in the 1920s and 1930s,
for example, and at MIT in the 1930s, seems to be more on the path toward modern shake table
research. The detailed and authoritative “The Early History of Seismometry (to 1900)” (Dewey
and Byerly 1969) cites 45 references by Milne, over three times as many as by any other author.
Today we take it for granted that there is a worldwide array of seismographs operated by
hundreds of universities, agencies, and institutes, providing a complete record of Earth’s
palpitations. Milne, more than any other person, took up the challenge of creating that worldwide
community of cooperating seismologists who would use standardized instruments and
recordkeeping conventions and regularly publish the results. That it was not an easy task is
evident from reading his letters in which he notes the difficulty of getting seismologists to collect
their records in a standard form: “But do as I will most observers will go their own way. The
great thing is to get something intelligible at all.” (Milne 1909)
Milne was the key force behind the 1890s and later efforts of the global seismographic initiative
of the British Association for the Advancement of Science. The Strasbourg-based and Germanled International Seismological Association, established in 1901, was another initiative with
similar goals. Competition over which instruments to use was one issue, which was perhaps less
significant than the issue of which organizations, with their differing nationality bases, would
control the collection and dissemination of seismograms.
Within a few years or at most a decade, their leadership positions were taken by their fastlearning Japanese protégés we shall next take up, such as seismologists Seikei Sekiya and
Fusakichi Omori. In the case of structural engineer Riki Sano, to be discussed later, university
education in Germany was his stepping stone to advancement in Japan. Naomasa Yamasaki
(1870-1929), a contemporary of Sano who was sent to Europe to study geography for four years,
learned from German and Austrian mentors an appreciation for the combination of geology and
geography. Yamasaki returned to eventually form the geography department of the University of
Tokyo, and also studied earthquakes from his discipline’s point of view, being a member of the
Imperial Earthquake Investigation Committee, participating in a field study of an earthquake as
late as the 1927 Tango Earthquake. Going abroad to receive further education may have inclined
the Japanese earthquake engineering field as it developed to be more international in the
communication of its activities, and hence more influential. We are about to turn to the Japanese
who learned from the first cadre of Westerners, who so quickly grasped the torch of scientific
and engineering study of earthquakes and carried it onward. Today the term “capacity building”
is often used in discussions of ways to improve the lot of the less developed nations of the world.
Has there ever been such a remarkable instance of capacity building in such a short amount of
time as in Japan in the Meiji period, with regard to earthquake science and engineering or other
matters?
Notable also is the concentration of Scots who had been educated at either the University of
Glasgow or the University of Edinburgh in key roles in the new university in Tokyo, including
Dyer (discussed below), Gray, Knott, and Ewing. Ayrton, an Englishman, and Perry, an
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Irishman, had also been at the University of Glasgow and were recommended to the Japanese by
Lord Kelvin, so they had a Scottish tint to them. There was also the flow of Japanese to Scotland
for their educations, such as Aikitu Tanakadate (1856-1952), who was the official representative
of Japan in 1901, at the First International Conference on Seismology held in Strasbourg.
The above summary provides a concise version of the facts of the early years of earthquake
engineers at the University of Tokyo not yet published in complete form, and it corrects some
errors in the literature, for example references to some of these individuals as being “English”
when they were actually Scottish or Irish. Notable is the concentration of Scots, but not
surprising in the context of the nineteenth century. In his thoughtful weighing of the effects that
individuals have had on history, Hart (1978 p. 532) selects five Scots among the top fifty in his
The 100: A Ranking of the Most Influential Persons in History. The five are James Watt, James
Clerk Maxwell, Adam Smith, Alexander Fleming, and Alexander Graham Bell. Hart observes
that because “Scots constitute only about one-eighth of one percent of the world’s population,
this represents a truly astonishing concentration of talent and achievement.” Far from an
anomaly, the over-representation of Scots in the development of earthquake engineering in Japan
was similar to a larger pattern of Scotland-Japan technology and science transfer in the Meiji era,
such as in the shipbuilding industry (Kita 2006). Thomas Glover, for example, was a Scot who
very early (1859) came to Japan and became one of the founders of the Mitsubishi clan’s modern
shipbuilding business. That vast industry today and its importance in the commerce of
humankind is of course important, but another of Glover’s important roles to be noted was that
he was one of the founders of the Kirin beer company.

Development of Seismographs
Seismology without seismographs would be like astronomy without telescopes. There could be
no modern seismology until approximately 1880, when truly useful seismographic instruments
were developed by Milne and his colleagues in Japan. That is not to say they invented the first
seismographs, for especially in Italy a number of instruments had been developed. In fact, one of
the seismograph models of Luigi Palmeri (1807-1896) was used in the Tokyo weather bureau
office in 1876 when Milne arrived in Japan (Clancey 2006 p 260). Palmieri’s invention goes
back to 1859, and Davison (1927 p. 89) credits him with the coining of the term seismograph.
Any single date representing the development of the modern seismograph is only an approximate
marker on a timeline, but we can use the year 1883 for that purpose, when Palmieri’s instrument
in Tokyo was replaced with one of Ewing-Gray-Milne design (Muramatsu 1995 p. 137). Other
seismographic instruments were also in development in Europe at this time. However, the
biggest breakthroughs came in Japan. Clancey (2006 p. 260) located an instructive contemporary
judgment on this point by François-Alphonse Forel (1841-1912), the Swiss geologist who
devised an intensity scale that he and Italian seismologist Michele De Rossi (1834-1898) merged
into the Rossi-Forel Intensity Scale in 1883. Forel concluded in 1887 that “More had been learnt
from the seismograph-tracer of the Anglo-Japanese observers in two years, than twenty centuries
of European science had been able to show.”
The names of important figures in the history of seismology such as Palmieri, Forel, and De
Rossi reminds us that prior to and after the burst of seismological activity in Tokyo, European
scientists were prominent in the field. Dewey and Byerley (1969) chronicle the efforts of many
Europeans from the eighteenth century onward to perfect a workable seismograph. Other
36

Europeans active in making seismographs and working to produce useful seismograms include
Adolfo Cancani (1856-1904) of the Italian government’s meteorological and geophysics bureau;
Boris Galitzin (1862-1916), Petersburg Academy of Science, Russia; Ernst von RebeurPaschwitz (1861-1895), an astronomer at the University of Halle (and note his early demise,
which cut short his potential contributions); Emil Wiechert (1861-1928) at the University of
Göttingen (Howell 2003). In addition to the British Association for the Advancement of Science
seismology program headed by Milne, and after his death transferred to the University of
Oxford, the International Seismological Association was founded in 1904 in Strasbourg, France
(Strassburg, Germany until acquired by France after World War I). European seismology, though
not its earthquake engineering with the exception of the burst of creative activity in Italy
following the 1908 Reggio-Messina Earthquake, was to maintain a key role in seismology in the
twentieth century. Theoretical work in Europe based on seismographic data led to major
breakthroughs. British geologist Richard Oldham (1858-1936) observed in 1906 that shear waves
did not propagate through all of Earth’s interior, and since they cannot be transmitted through a
fluid, he stated that some portion of the interior of the planet was not solid. In 1909 the interface
between Earth’s crust and mantle, now usually known as the Moho Discontinuity, was identified
by Andrija Mohorovicic of Coatia. In Germany in 1913, Beno Gutenberg (1889-1960), later to
move to the USA to join the faculty at the California Institute of Technology, had already put an
accurate number on the radius of the planet’s core. In England, Harold Jeffreys (1891-1989) in
1926 hypothesized that Earth’s core was liquid. In Denmark in 1936, Inge Lehmann refined
Jeffreys’ theory to propose that there was a solid inner core, as well as liquid outer core. All of
these studies of Earth’s interior were based on seismographic data.
Davison (1927) provides a historical narrative of the early development of seismology and
seismographs. His review of the understanding of earthquakes prior to the advent of scientifically
useful instruments in the 1880s shows that it was primarily the seismograph that allowed the
confusing pile of theories about the generation of earthquakes to be sorted out. Causes of
earthquakes concerning where they were happening and how frequently, how large they were,
and at least some initial grasp of the character of strong ground motion, were all secrets
gradually revealed as seismographs developed and became widely deployed. Davison notes that
prior to the use of modern seismographs, seismology was largely limited to the use of intensity
observations and scales such as the Rossi-Forel, Cancani, Mercalli, or other intensity scales. One
should pause for a moment to consider what the state of earthquake engineering would be today
if we could still only quantify earthquakes and their ground motions with Roman numerals.
Space does not allow a full account of the rapid progression of the instrument in Japan or of
earlier developments in Europe and in particular Italy. See Dewey and Byerly (1969) and
Reitherman (2003) for further references and their interpretation of the major challenges faced
and surmounted in inventing instruments that could accurately measure the faint motion of
distant earthquakes. Briefly, one key problem was to design a mechanical device that would
respond to the extremely slight long period motion of an earthquake on the other side of the
planet, without also recording nearby “noise” that would obscure the earthquake signal. Another
was that once a pendulum was set in motion, it would continue to “march to the beat of its own
drummer” even if the earthquake motion stopped, making it difficult to separate out the motion
of the ground. Putting the pendulum on its side, to create a horizontal (swinging gate)
seismograph, cleverly introducing precise amounts of damping, and making a reliable recording
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mechanism were the key solutions developed by the cadre of foreigners in Tokyo. Note that
these instruments were “weak motion” seismographs, not “strong motion seismographs” that
could measure the intense shaking of a nearby earthquake. That development would not come till
the 1930s. Hudson (1992 p. 7) observed:
After the first practical seismographs were developed in the 1880s, many
improvements in seismological instrumentation were made during the next 30-40
years, but these developments were aimed entirely at geophysical investigations,
and did not address the key engineering problem of determining the true ground
motion of destructive earthquakes. The effort instead was always to increase the
sensitivity of the seismographs and to extend their long period capabilities. This
was in line with the desire to record small distant events with long propagation
paths through the earth in order to study the properties of the earth’s interior.
The sieve of history is a heartless thing. It does not allow mere bright ideas about some potential
new instrument that can measure earthquakes to take a place in history unless persistent and
capable work provides the pressure to shove that development through the resistance of the
sieve. It is easy to quickly sketch a scheme for a seismograph or an accelerograph but very
difficult to precisely build one, let alone get one to work and systematically obtain accurate and
useful records. It is easy to say engineering and architecture students should be taught about
seismic design, but it was difficult to introduce such new curricular ideas and content. The
general idea of a seismic code can be easily talked about, but putting one into effect is difficult.
Darwinian forces are constantly at work to make it difficult for the seed of a newcomer idea,
socio-political program, or technology to sprout, and then Darwinian forces constantly menace
that new growth and force it to push forward with sufficient vigor or else it becomes extinct. It
was not easy for the modern seismograph to develop in Japan in the late 1800s, but we should be
grateful that it happened. Similarly, the development of the strong motion seismograph,
discussed later, and the contribution of John Freeman was a benefit to the entire field.
Now we turn our attention from the engineers at the University of Tokyo to the seismologists, in
particular Seikei Sekiya, Fusakichi Omori, Akitsune Imamura, Bunjiro Koto, and Dairoku
Kikuchi.

Seikei Sekiya
Seikei Sekiya (1854-1896) was appointed the first professor of seismology at what was to be the
University of Tokyo in 1886, the first such full-time university appointment in the world. His
first name is sometimes seen in the English language earthquake literature as Kiyokage, but
Seikei has been more commonly used in Japan. The confusion arises because the translation of a
Japanese person’s given name is essentially an oral one, based on how the parents called their
child, while birth registrations were done by writing with kanji, the Japanese logographic or
pictographic writing system. (Otani, 2007) Milne and his engineering colleagues were in effect
partially seismology professors by that time, as were some professors or research institute
directors in Europe, but Sekiya’s appointment is still historic and marks the institutional
commitment in Japan to the new field. Consider these comparative facts. François-Alphonse
Forel (1841-1912) of Rossi-Forel Intensity Scale fame, was a Swiss professor of physiology and
anatomy, not seismology, and he investigated earthquakes as a sideline. Emil Wiechert (186138

1926) advanced seismology at the University of Gottingen, while also being a physicist studying
electrons, not to mention the challenging field of what was to be called relativity before Albert
Einstein elucidated that subject. Richard Oldham (1858-1936) was almost bored with seismology
and found it distracted him from his other geological work, even though he made the first big
breakthrough in interpreting Earth’s structure from seismograms. Making seismology and
earthquake engineering lifelong endeavors of enough value so that one would devote ones career
to it comes first from Japan. In the last quarter of the nineteenth century, Japan planted the
original seeds of earthquake studies on its home soil; a decade later it began regularly harvesting
home-grown crops of Japanese students, faculty and practitioners. Sekiya and his professorship
is evidence of that institutional sustainability. By the time he was given that professorship in
1886, for example, Ayrton, Perry, Ewing, and Mendenhall had departed Japan, and Knott and
Gray were to leave within a few years.
Aside from his seismographic work, Sekiya was in charge of developing a nationwide
earthquake intensity data collection effort, carried out via the government’s meteorological
agency. On a scale ranging from observational techniques with little quantitative sophistication
at one end to the advanced and quantitative approach at the other, that intensity monitoring effort
would be at the former, using simple techniques to collect large amounts of approximate but very
useful data. At the other end of the scale were his efforts to decipher the somewhat primitive
seismograms of the day to devolve the actual three-dimensional particle motion, second by
second. From separate instruments’ recordings of the X, Y, and Z components of an earthquake
in Japan in 1877, he constructed a wire diagram that elegantly conveys the complexity of ground
motion, both in terms of the vagaries of its geometric path and in its erratic accelerations.
(Sekiya, 1887) (The latter were conveyed by demarcating time increments along the twisted wire
“sculpture.”) Sekiya’s original copper-wire model (actually three models, to divide the motion
into twenty-second increments for clarity) now resides in the Whipple Museum of the History of
Science at Cambridge University. According to Hudson (1992 p. 6), “His measurements and
calculations of ground displacement and acceleration of the 1887 Japanese earthquake were the
first estimates of ground motion based on reasonably accurate data.” His allotted span of years
was to provide him only one decade in that chair of seismology, and his death in his early forties
indicates how much more he might have done. His management of the country’s intensity data
collection effort and cataloging of earthquakes, and his physics-based research on earthquakes,
indicates his capabilities that were never fully realized.

Fusakichi Omori
Fusakichi Omori (1868-1923) succeeded to the seismology chair at the University of Tokyo and
as head of the Imperial Earthquake Investigation Committee after Sekiya died in 1896. The first
issue of the Committee’s Bulletin is an interesting data point. Omori wrote 22 of the 24 news
items or articles (Omori 1907), ranging from reports on seismological data on earthquakes
(“Preliminary Note on the Seismographic Observations of the San Francisco Earthquake of April
18, 1906” for example) to fundamental seismology (“On the Method of Calculating the
Velocities of Earthquake Propagation”) to structural dynamics (“Vibrations of a Railway Bridge
Pier.” The other two articles were written by Akitune Imamura, (1870-1948), who was to
succeed Omori. The succession of the de facto preeminent seismologist in Japan up past the time
of the 1923 earthquake thus was:
• John Milne
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• Seikei Sekiya
• Fusakichi Omori
• Akitune Imamura
Imamura and his superior, Omori, disagreed on the likelihood of a great earthquake striking the
heavily developed Kanto region. Imamura thought it was likely and that the threat should be
openly discussed. Omori thought the threat was less and that it would be disruptive to society
and the economy to raise such fears. Tachu Naito, soon to be discussed here, provided the 3,500
yen to publish a book of Imamura’s on this subject, (Naito Centennial Committee 1986 p. 70)
and in retrospect, the approach of Naito and Imamura – openly publicizing the threat of
earthquakes and calling for earthquake-resistant construction – was the way of the future,
although at the time no one could have produced a seismic ground shaking hazard forecast with
any accuracy approaching that of today.
Omori succeeded Sekiya a year after Milne’s 1895 departure from the Japanese scene to return to
England. Until Omori’s death in November, 1923, shortly after the Great Kanto Earthquake,
Omori more than anyone else functioned as the shinbashira (central pagoda column) of the
edifice of seismic learning in Japan. Because Omori fell fatally ill soon after traveling back to
Tokyo from Australia after he received word of the great earthquake, the span of his professional
career stops short of the Kanto Earthquake. That core timber in a Japanese pagoda doesn’t carry
all of the weight of the multi-story structure, but it is the essential framing member that ties the
whole structure together. Omori did not singlehandedly accomplish the majority of research in
his long tenure as head of the Imperial Earthquake Investigation Committee, especially since the
capable and only slightly younger Akitsune Imamura was standing in the wings, nor did he lead
the research effort in what today would be called the physics-based branch of seismology, but he
was the essential connection of all the individuals and efforts in Japan in the field. Suyehiro
(1932 p. 13) reviews the relatively quiet period of seismicity after the 1891 Mino-Owari
Earthquake until over thirty years later when the 1923 earthquake devastated Tokyo and
Yokohama, and notes that the original cluster of earthquake researchers formed in the 1870s and
1880s was no longer intact.
Forgetfulness is a trait of human nature. During the years that followed the
earthquake of 1891, the members of this first scientific committee one by one
returned to their customary vocations, leaving as the only continuous worker,
Professor Omori, who unfortunately, did not live to investigate the great
earthquake of 1923.”
Though it will be engineers like Riki Sano and Tachu Naito in the early twentieth century period
who are featured in the account here, the seismologist Omori was part of the institutional basis to
Japan’s rapid development of earthquake engineering. It was not until decades later that another
country had such an organized, national, earthquake program involving multiple universities,
agencies, and researchers, though as of the turn of the nineteenth-twentieth century, Italy was on
a track to be a close second. Note that early progress in Japan was being made by both
seismologists and engineers, and that they either closely collaborated or, as in the case of Milne,
were one and the same person. As Donald Hudson summed it up, commenting on the time
around the turn of the nineteenth-twentieth century, “During this period, Japan was the main

40

center for earthquake engineering investigations as well as being also in the forefront of more
basic work of seismological interest (Hudson p. 7).”
The reader can decide if the following analogy is as convincing to them as it is to me. One way
of identifying the early pioneering phase of earthquake engineering in a country is not only by
recourse to the dates when something first happened, but to the dependence of the field on a
small number of individuals who personally hand off their knowledge and esprit de corps to
others. By contrast, the institutional rather than pioneering phase is identified by the flywheel
effect that reliably provides continuity, despite the coming and going of particular individuals. In
the early phase, it is like a bucket brigade, and if anyone in the line drops the bucket, the flow
stops. In the later phases, it is like a reservoir, built by collective effort, and uninterrupted service
is provided from that storage via a multiplicity of lines even there are times when no additional
water is put in the reservoir.
The 1891 Mino-Owari Earthquake on the Midori Fault in the Nobi Fault System was a great
(magnitude 8) event that caused over 7,000 fatalities in those two regions, which were later
renamed the Gifu and Aichi Prefectures, and hence the reader may come across references to the
Gifu-Aichi Earthquake.. From that large earthquake came many aftershocks, and Omori used
that data to produce what is known as Omori’s Law concerning the rate of decay of aftershock
activity. Over a century later, the relationship he discovered and that is named after him is still
often cited in the literature.
Omori’s intensity scale (Omori 1900) was partly based on the most engineering-oriented of
research techniques, the shake table, and he collaborated in that research with engineer John
Milne. Trying to connect up engineering observations with a better understanding of strong
ground motion, they tested masonry objects of various dimensions that represented commonly
found sculptural objects such as stone lanterns (ishidoro) or tombstones (kasatuba). Omori used
the measure of ground motion severity that as of the end of the twentieth century is still the most
often singled out parameter, acceleration, to relate the peak ground acceleration to observed
toppling or fracturing of such objects in earthquakes. It has been said that Omori developed an
acceleration-calibrated scale while Europeans only relied on observations and eye-witness
accounts to assign intensities: “Because European scales were and would remain normative,
Omori took the additional step of keying each zonal or magnitude [sic] number on his own scale
to a particular acceleration rate [sic] , so his map could be compared to those drawn by
Europeans.” (Clancey 2006 p. 155) While Omori’s intensity scale was perhaps the best of such
efforts prior to the development of strong motion instruments, the idea of keying observed
effects to accelerations had not escaped the minds of the Europeans. The intensity scale named
after Adolfo Cancani (1856-1904) was one of the most influential, and its goal was to make each
increasing intensity level have an associated acceleration level twice as great. Nonetheless,
Omori’s acceleration-based intensity investigations were far-sighted, and unfortunately when the
intensity scale combined by Giuseppe Mercalli (1850-1914), Cancani, and August Sieberg
(1875-1945), the Mercalli-Cancani-Sieberg Scale, was adapted by Harry Wood and Frank
Neumann in the United States to become the Modified Mercalli Intensity Scale in 1931, the
useful if embryonic acceleration correlations were dropped.
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Omori’s vision for combining observed effects with acceleration measurements began to fully
develop only two years after the 1931 revision of the MMI scale that was to be widely used in
the US and some other Western Hemisphere countries, namely the deployment of strong motion
instruments to directly measure acceleration histories in earthquakes. Most seismologists were
content with their seismographs, but engineers needed accelerographs. As the fields of civil
engineering and seismology became more and more specialized, it became more and more rare
to find seismologists like Omori who so extensively conducted research with engineers. He also
did a type of testing on structures still done today in the laboratory to measure the period of
vibration of a test specimen of a structure under a low level of vibration. He had a rope and
winch apparatus that could yank the top of a building horizontally a slight amount, then used a
quick release mechanism to let the structure elastically rebound and freely vibrate.
Omori did detailed field research in Northern California, hurrying there by ship after news of the
April 18, 1906 earthquake (Otani 2006), accompanied by a young structural engineering faculty
member at the University of Tokyo, Riki Sano. (To keep the narrative from jumping from one
person to another, Sano is discussed in the next time period). That the Japanese were traveling to
distant places to study earthquakes –- e.g. Omori would soon visit Italy to study the 1908
Reggio-Messina Earthquake, also earthquakes in India and Taiwan -- is itself notable. Consider
the fact that Japan had more earthquakes than the US, but the Japanese were sending their
researchers to the USA to do reconnaissance studies, not vice versa. Americans were not to
extensively and regularly conduct earthquake reconnaissance studies abroad until after World
War II, and systematically till the 1960s.

Akitsune Imamura
Though only slightly younger than Omori, Imamura (1870-1948) worked in his elder’s shadow
until the 1923 Kanto Earthquake, and the relationship of the two seems to have involved some
conflict. Educated up through his doctorate at the University of Tokyo, Imamura remained there
and was both an active participant in field studies of earthquakes as well as involved in the
seismographic studies. He had a keen interest in earthquake prediction, a goal that in retrospect
was beyond the grasp of anyone then (or now). However, the overall predictive message of his
work, which was that areas such as Tokyo would receive damaging earthquakes again in the
future as they had in the past, was accurate and helped motivate preventive measures. While
many seismologists did research trying to correlate past seismicity with predicted future ones, or
to relate geomagnetism, geodetic changes, fluctuations in the sea, or the weather to earthquake
occurrence, Imamura was especially interested in that predictive line of research in his work. As
discussed later, he also collected statistics that provided a basis for earthquake loss estimation.
He accurately noted that post-earthquake fire would be a major problem in Tokyo, though it is
questionable whether his advice to bury pipes slightly deeper would have been efficacious. He
was involved in some of the key institutional sources of support for seismology in Japan, and he
was the key person involved in the re-formulation of the original Seismological Society of Japan
in 1929 (Howell 2003).
Imamura and the other Japanese in the earthquake field found their calling interrupted by the
armed conflict in Asia, first with the invasion of China by Japan in 1937 and then the broader
war in the Pacific following the 1941 attack on Pearl Harbor and elsewhere. “After retiring in
1931 he continued his observations at his own expense. Regrettably, World War II curtailed his
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program before two great earthquakes occurred in 1944 (Tonankai) and 1946 (Nankaido).”
(Howell 2003 p.1748) Thus, Imamura is another example of how the express train of Japanese
earthquake studies may have been diverted for over a decade to a sidetrack by a completely
extraneous factor, namely war.

Bunjiro Koto
Bunjiro Koto (1856-1935), a professor of geology at the University of Tokyo, investigated the
1891 Nobi earthquake along with Omori. Omori, the seismologist, studied the way the earth
vibrated; Koto, the geologist, studied the way the earth broke. Koto investigated the dramatic
surface fault rupture (80 km long, up to 6 m in vertical offset). The simple statement “Koto
proposed that offset along the fault had caused the earthquake and the scarp, not the other way
around,” (Merritts and Bürgmann 2001) seems mundane to us today – because even in pre-high
school grades we have been taught this simple geologic principle. We find many things ordinary
and obvious today not because we are smarter than those who lived previously, but simply
because we have been blessed with vast amounts of easily acquired knowledge unavailable to
our predecessors. Koto’s statement, quoted by Richter (1958 p. 565), was quite clear: “The
sudden elevations, depressions, or lateral shiftings of large tracts of country which take place at
the time of destructive earthquakes are usually considered as the effects rather than the cause of
subterranean commotions; but in my opinion, it can be confidently asserted that he sudden
formation of the ‘great fault of Neo’ [Midori Fault in the Nobi system] was the actual cause of
the earthquake.”
In 1891, to understand that strain in the crust resulted in fracture that in turn released vibrations –
the earthquake shaking -- was a radical concept. For example, Josiah Whitney (1819-1896), the
state geologist of California, conducted brief fieldwork after the 1872 Owens Valley, California
Earthquake, where the fault offsets were impressively large and well-defined, and where the arid
climate and lack of vegetation were ideal for preserving the traces. He failed, however, to make
the correct deduction that Koto would in 1891. Whitney did not find the fault offset interesting
enough to map. “The ground fractures, which are so carefully measured now after each
earthquake, were of small importance, as they were the result, not the cause of the earthquake.
To him, when the earth shakes, the ground breaks; to modern theory, when the earth breaks, the
ground shakes.” (Hill 1972, p. 53) Another prominent American geologist of the time, Grove
Karl Gilbert (1843-1918) studied the same recent faulting of the Owens Valley Earthquake and
also signs of prehistoric faulting on the Wasatch Fault in Utah and may have come to the
realization that the faulting was the cause of the energy release. A definitive judgment by
geologists who are willing to dig deeply into history rather than the earth would be appreciated to
resolve the question of what the relative contributions to modern seismogenic theory were of
Koto, Gilbert, Harry Fielding Reid, or perhaps others.
Harry Fielding Reid (1859-1944) (Reid 1908) articulated the elastic rebound theory after the
April 18, 1906 Northern California Earthquake, which is one of the key principles underlying
current seismic hazard analysis. If you know the rate at which coins are being added to a bank
account, i.e. strain energy is accumulating on a fault – you can estimate how long on average it
takes before cashing out some sizable sum, enough energy to generate some particular magnitude
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of earthquake. From fault length, geologists have been able to estimate the largest magnitude the
fault is capable of releasing. Sometimes their paleoseismology field research provides evidence
on a characteristic magnitude/rupture length. It is especially useful if either historic or geologic
data provides the equivalent of a record of all the withdrawals from the bank account to tell us
that a fault characteristically spends its energy, its accumulated coins, on various sized
expenditures, or magnitudes, and at roughly what frequency. Plate tectonics theory, not to come
until approximately sixty years after Reid’s theory, was the final conceptual piece of the puzzle,
explaining what generated the strain in the first place, something that puzzled geologists and
seismologists It was especially challenging because many faults seemed to store up the lateral
rather than vertical variety of strain, offsetting horizontally to cause an earthquake. Geology had
developed refined theories for dealing with vertical forces due to density differences in the crust,
but as Prentice (1999) details, it was a long time before evidence of lateral fault offset, such as on
the San Andreas Fault in California, could be reconciled with theory. At the origin of those
developments is the essential idea that the rupture of the fault causes the earthquake, not vice
versa, and Koto seems to be the first with a well-documented grasp of that concept.
About this same time Milne (1886) was casting about for possible explanations of the causes of
earthquakes, noting only briefly that generally “large earthquakes are accompanied by the
formation of fissures” (p. 148), not that they were caused by such cracking of rock or soil. He did
admit of the possibility that a few earthquakes could be caused by the fracture of rock (though
only vertical, gravity-related forces were considered as the plausible origination of such
movement). Sea water or underground water spilling into hot crevices and chambers was the
cause he spent the most time theorizing about, using the calculations used to design steam
engines and work done earlier by Robert Mallet to try to estimate how large these subterranean
chambers (boilers) must be to generate different size earthquakes (boiler explosrons). As of the
1800s, theories of the cause of earthquakes had not much progressed beyond the time of Robert
Hooke (1635-1703) who theorized that “the Foment or Materials that serve to produce and effect
Conflagrations, Eruptions, or Earthquakes” were “somewhat analogous to the Materials of Gunpowder….” (Hooke 1705 p. 424) One of the most popular authors of the day when Japan was
beginning its Meiji period, Jules Verne, in his novel Journey to the Center of the Earth (1864),,
gives his character, Professor Lidenbrock, latitude in scientific speculation by having him state,
correctly as of then, that “neither you, nor anyone else, knows anything certain that is going on
in the centre of the earth, seeing that we scarcely know the 12,000th part of its radius….” Going
on, the professor plausibly explains that it is possible to descend into the depths of the earth,
without burning up from increasing heat, because the planet’s heat comes from its surface where
metallic rocks combine with rainwater and caused prehistoric combustion, and now (1860s) it is
perfectly safe to descend to the very center of the earth. (Readers of the novel will learn that is
precisely what is accomplished by the professor and his brave companions, taking a route from a
volcanic passage in Iceland to the center and thence back up to the surface via a volcano in
Italy). Today, middle school/junior high school students would probably laugh at the framework
of the plot of this novel, having been taught the facts about the interior composition of Earth, hot
enough to melt rocks near the center and still hotter at the center but under such pressure the
material stays solid. We tend to feel superior to earlier times and their lack of understanding of
what we find simple today, but we merely benefit from historical accretion, and should not feel
ourselves intrinsically superior.
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In the context of the 1800s, Koto’s breakthrough is especially notable. Given Milne’s own
expertise at the time, and his familiarity of his colleagues in the field in Tokyo, as well as his
encyclopedic review of other sources, especially in Europe, Milne’s textbook serves as a
benchmark for defining the level of understanding in seismology of the day. The first six editions
up through 1913 of Milne’s book were published in Milne’s lifetime and contained only slight
revisions, A close reading of the thoroughly revised seventh edition of Milne’s work (Milne and
Lee 1939), with the updating by A. W. Lee, is very instructive. While Milne conjectured as to
various causes of earthquakes such as the boiler explosion hypothesis, which is now discarded by
scientists, the revision in 1939 by Lee states clearly that “it is now generally conceded that the
primary causes of earthquakes are volcanic activity and dislocations of the earth’s crust (Milne
and Lee 1939 p. 186).” Today, these are still firmly in place as the two causes, with the latter
accounting for far more damage worldwide. (Although large rockfalls, underground explosions,
and meteorite or comet impact can cause ground shaking, here I am not including them as
“earthquakes.”) The novel theory of Koto in 1891 was not mainstream earth science until forty
years later.

Dairoku Kikuchi
Dairoku Kikuchi (1855-1917) is not nearly so well knows as Sekiya, Omori, or Koto, at least in
the earthquake field. In my estimation, however, he deserves mention here for his influence on
the developing field of the study of earthquakes in Japan. Kikuchi was in effect introduced to the
Meiji revolution prior to the Meiji era, because in the last years of the Tokugawa Shogunate he
was sent to England in 1866 at age 11 to go to school. He graduated from Cambridge University,
also received a degree from London University, and returned to Japan a well-educated physicist
and mathematician. At the time of the 1891 Mino-Owari Earthquake, Kikuchi had recently
received his DSc degree from the University of Tokyo and was dean of the College of Science.
He was also a member of the Diet, with a position in the House of Peers, the branch of the
Japanese parliament that was akin to the House of Lords in the two-chamber British system on
which the Diet was partly modeled (Mendenhall 1917). Kikuchi’s support for the establishment
of the Imperial Earthquake Investigation Committee was very important, for he was one of the
elites in the country in terms of talent, education, and family background and connections. By
1898 he was president of the University of Tokyo and helped maintain the long-term support for
earthquake studies there. For a presentation on Japanese earthquake studies at the 1904 World’s
Fair in St. Louis, it was Kikuchi who authored the English book on that subject (Kikuchi 1904).
Later, in 1908, he was made president of one of the other preeminent universities of the day,
Kyoto University, and headed up various national science councils. Kikuchi never devoted a
large part of his career to geoscience earthquake studies, as did Sekiya, Omori or Koto.
However, in his political and university leadership roles, he was very influential, and there has
never been another in Japan to occupy so many high positions and who also was actively in the
earthquake field and supportive of it.

Engineering and Construction Technology Context
One answer to the question of why such earthquake engineering strides were made in Japan in
only a quarter of a century, roughly the 1875-1900 period, is that the prerequisite of a solid
foundation of non-seismic engineering methods had by then been produced.
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Large earthquakes in pre-scientific times were seeds that fell on infertile ground,
from the standpoint of the development of the modern, quantitative body of
knowledge and practice we call earthquake engineering. The beachhead
earthquakes that put their countries on a path toward modern earthquake
engineering, such as those discussed here, all occurred when civil engineers had
developed their discipline with regard to non-seismic topics such as statics,
dynamics, and strength of materials, to the point that they could stand on that
platform and build up earthquake engineering from there. That requirement of
pre-existing civil engineering knowledge has meant that an earthquake that was to
boost the growth of earthquake engineering had to happen in the last half of the
1800s or around the turn of the nineteenth-twentieth centuries or even later.
(Reitherman 2006)
Otani (2004) makes this point explicitly in connection with the body of non-seismic civil
engineering knowledge base that the first generation of earthquake engineers in Japan were able
to stand on.
There were also some construction developments related to earthquake resistance that occurred
in Japan by 1900 to be mentioned, though the focus here is on the development of engineering
design and analysis rather than prescriptive construction traditions. A number of earthquake
engineers and architectural historians have emphasized the relatively good performance of tall
wooden Japanese pagodas and temple halls built since the introduction of Buddhism in Japan in
552 AD in the Asuka Period. There are many explanations of the survival of these tall Japanese
structures in earthquakes. Unfortunately, most of the rationales the public is exposed to are nonscientific theories that appeal to those without an engineering background. As just one example:
“Why such pagodas, despite their height and weight, have remained upright and intact through
numerous earthquakes and typhoons is something that no one has been able to explain
satisfactorily from the standpoint of modern architectonics. This is because building science
evolved in the West as a discipline dealing with the structural mechanics of rigid bodies, that is,
buildings of stone, brick, or concrete (Shuji 2007).” Anyone familiar with structural mechanics
realizes that deflections of columns and beams is part of that subject, and that this branch of
applied physics does not discriminate against any material like timber, but unfortunately the
layperson would not be able to discern this from the above quote. Complicating the various
generalizations about timber pagodas in Japan is the fact that some have central masts that are
held up by the rest of the framing and do not touch the stone base, while others rest on the base
or on a supporting beam. Again, most of the generalizations about the early “dynamic”
understanding of earthquakes a thousand or more years ago in Japan are clouded with half-facts.
The generalization that none of the pre-European Japanese castles and religious buildings was
seriously damaged in earthquakes is another legend. Paine and Soper (1974 p. 261, 262, 286)
note the case of the large Hokoji hall erected in 1589 in Kyoto, which was destroyed by an
earthquake in 1596, then rebuilt in 1614 only to be destroyed by another earthquake in 1662. The
1596 earthquake also damaged the Fushimi Castle at Shigatsu badly enough that its replacement
was built on a different site.
By contrast, the summary explanation provided by structural engineering professor Glen Berg
gives us a valid answer to the question of why most pagodas performed well in earthquakes:
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Pagodas are relatively flexible structures, having natural periods in the range of 1
to 1.5 seconds, considerably longer the periods of most other structures in Japan
and longer then the dominant period of ground motion in Japanese earthquakes.
Wooden structures are relatively light in weight and hence incur smaller inertia
forces than some other types of structures. But their remarkable ability to
withstand earthquakes must be attributed largely to their structural damping, for
any deformation of a pagoda is accompanied by the friction of timber sliding on
timber and wood on wood in the contact surfaces of timber joints. (Berg 1976, p.
388)
This is also the view of Tanabashi (1960 p. 154), who cites four reasons:
1. the long period of the structure
2. significant strength through large framing members
3. high deformation tolerance, lack of brittle failure modes under large drift
4. high damping.
Clancey (2006 p. 64) perhaps romanticizes the pre-Meiji Japanese construction traditions as part
of his cultural theme contrasting Japanese with foreign attitudes, and in so doing may overstate
the pre-European earthquake resistance of the building stock in Japan. The various forms of
traditional timber buildings in Japan usually had heavy roof structures, with essentially a postand-beam type of layering of framework in the attic space of a gable, rather than a lightweight
truss, and also had heavy tile roofing. Clancey discusses (2006 chapter 7) Meiji era proposed
seismic bracing schemes slightly before or after the 1891 Nobi Earthquake, which combined
elements of traditional Japanese wooden architecture with recent developments from the USA
and Europe such as nailed and bolted joints, metal connectors at joints, and the design of
complete braced-frame lateral-force-resisting load paths. In terms of making a significant change
in the building stock, however, none of those proposed enhancements of the Japanese timber
dwelling seemed to be effective. In Japan as in most countries, smaller buildings and residences
tend to be non-engineered and conform to prescriptive building code rules or building traditions,
rather than being highly refined with benefit of engineering. The “two-by-four” light woodframe
building of today in the USA and Canada has evolved into a highly earthquake-resistant form of
construction, but its now familiar seismic features were not part of the original invention of the
Midwest in the early and mid 1800s. Beginning in the 1940s, sheathing panels of plywood, and
later oriented strand board, were easily substituted for board sheathing on walls, floors, and roof,
and was more economical. There was little change in the carpentry trade between nailing
sheathing panels to the framing rather than boards. A concrete foundation became less expensive
than the more labor-intensive brick foundation, and once that non-seismic innovation came
about, there was little difficulty in introducing anchor bolts and minimal reinforcing in the
concrete. Lightweight but Class A fire resistance roofing was developed that was only about a
fifth the weight of tile roofing and more easily installed. The motive for the use of the new fireresistant and durable lightweight shingles was not seismic, but the building’s earthquake
resistance benefited nonetheless. Sheet metal connectors to form a continuous lateral-load
resisting path add some cost but became very standardized and easily installed by the same
carpentry techniques used for the rest of the framing work. Thus, the seismic measures
developed by earthquake engineering research and practice were successfully grafted onto the
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original American woodframe construction type because they were moving with the flow of
larger construction trends, not against it.
One indigenous, pre-Meiji construction tradition with potential seismic merit, which in some
ways was similar to today’s woodframe building with stucco exterior, was the dozo-zukuri
building, often used as a fire-resistant warehouse. One could have modified that basic design to
make a highly earthquake-resistant building, by adding bolted joints for larger-section braced
frames or nailed joints for more numerous wall braces using lighter members, moisture
protection for the wood, a concrete foundation with connection to the superstructure, and wire
mesh reinforcing for cement-based plaster. However, this potential seismic innovation seems not
to have been pursued.
The 1880 Yokohama Earthquake was a small event of magnitude 5.5 (Otani 2004 p. 4) that one
would not expect to cause great damage, especially at some distance away in Tokyo. Its key
historical significance is that a number of foreigners lived in that port city and felt the
earthquake, and along with Japanese faculty at the University of Tokyo, were thereby motivated
to found the Seismological Society of Japan. To state that “The trouble for Milne, eager to record
the Tokyo-Yokohama earthquake in a way that would allow it to be compared with Mallet’s data
from Naples, was that Japanese buildings lacked the necessary display of damage” (Clancy 2006,
p. 64) implies that the lack of damage was due to a high level of seismic protection inherent in
the Japanese timber building traditions. While weak-but-stiff European-style unreinforced
masonry buildings in Tokyo had more cracking damage than wood buildings in that minor
earthquake of 1880, a few years later in the 1891 Mino-Owari Earthquake, over 7,000 people
died in Nagoya and the surrounding area, with damage to all kinds of construction. While there
were buildings of European style in unreinforced masonry in Nagoya, of the 142,177 houses
destroyed (Otani 2003 p. 197), most were of traditional wooden construction. Koto (1894 p. 213)
states that “From Nagoya to Gifu there is a nearly continuous street of 20 miles, and along its
whole length every house was overthrown.” Clancey (2006) notes there was actually ambiguity
in the multiple reports on the earthquake as to what kinds of construction received the most
damage, but nonetheless the damage in the 1891 earthquake does not seem to be a clinching
argument for the thesis that pre-Meiji folk traditions of carpentry in Japan were adequate to
contend with the complexities of the earthquake problem, or that the carpenter-craftsman path
would develop into a successful approach to seismic safety. It should be noted that the European
or American construction types introduced in the late 1800s in Japan, which also did not benefit
from a modern civil engineering grasp of seismic design, performed poorly in this 1891
earthquake and in the 1923 Kanto Earthquake. Clancey (2006 Chapter 3) documents that the
earthquake resistance concepts of European architects and engineers in Japan at the time were
not on the modern path. Essentially, masonry, mostly completely unreinforced masonry,
remained a central feature, and it was thought that good construction quality in that type of
construction was enough to confer earthquake resistance. A century later, based on a body of
earthquake engineering knowledge which was by then well developed, unreinforced masonry
had generally been banned in the high-seismic regions of developed countries. Absent that
knowledge in the two or three decades before and after 1900, architectural traditions rather than
structural engineering knowledge prevailed when Western influences reached Japan. The
architectural traditions imported from Europe and America were based on the stylistic formality
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and prestige of massive stone or brick buildings, and unfortunately a “seismic model” of that
masonry import into Japan was not developed.
The rigid vs. flexible argument is one that structural engineers understand in its proper context,
interpreting the generalizations “rigid” and “flexible” appropriately, but the terms are often
misconstrued. Clancey (2006 p. 214) refers to “Sano’s attraction to rigid frame structures over
flexible ones.” The rigid-joint, moment-resisting frame made of reinforced concrete, or of steel,
(the “rigid frame”), was the twentieth century’s preeminent earthquake-resisting flexible
structure, not a “rigid” one. “Rigid” in the term “rigid frame” refers to the moment-resisting
stiffness and strength of the beam-column joint and continuity of rotation resistance through
those members, not to overall structural rigidity. “Rigidity” is discussed later with regard to 20th
century developments in earthquake engineering in Japan, and it has several distinct engineering
aspects: period of vibration, rigidity of diaphragms, relative rigidities of vertically oriented
lateral-force resisting elements, moment-resisting frames, interstory drift.
Usami (1988) cites the guidance given to builders after the 1855 Edo (Tokyo) Earthquake with
regard to diagonal bracing, calling it the beginning of “the professional practice of earthquake
engineering” in Japan. In the context of the definitions used here, that would be termed a
development in the practice of earthquake-resistant construction by the introduction of
prescriptive details to be used by the construction trades, but not yet a development involving the
profession of engineering. Such developments are still important to earthquake risk reduction to
this day, but that is a different topic than the question of how our current engineering methods in
the earthquake field came to be. In retrospect, if a lightweight roofing material of sufficient
durability and fire resistance, and which was acceptable in terms of architectural style, had been
introduced in the 1800s, it might have made more difference in subsequent Japanese dwelling
performance in earthquakes than any other prescriptive or traditional construction detail.
Earthquake performance is always a contest between assets and liabilities, structural capacities
and structural demands, and reducing the mass that the earthquake could convert into high
inertial forces would have been the most reliable approach in Japanese non-engineered
dwellings. For one thing, the lightness doesn’t go away, whereas whatever original strength
timber braces have, or timber-frames-plus-plastered-walls, inevitably declines with age and
deterioration. This innovation did not need to await later engineering developments and could
have been based on some early intuitive understanding that the more mass that is shaken, the
higher the inertial force. An understanding of the following analogy might have been enough of a
pre-engineering understanding to advance this construction feature: shake a pencil, and the force
on the wrist is miniscule; shake a hammer, and the force on the wrist is large. In retrospect, the
development of a lightweight roof for the typical Japanese timber dwelling or other small
building would probably only have developed for non-seismic reasons, if a stylistically
fashionable, durable, and fire-resistant roofing material had been introduced.

Rise of Big Five Architecture-Engineering-Construction Firms
The rise of the Big Five architecture-engineering-construction firms in Japan dates to Meiji
times:
• Kajima (founded by Iwakichi Kajima; 1880 Kajima Gumi company begun; organized as
a corporation 1930)
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•
•
•
•

Obayashi (founded by Yoshigoro Obayashi 1892; by 1914 the firm had built Tokyo
Station)
Shimizu (founded by Kisuke Shimizu 1804; organized as Shimizu Gumi 1937)
Taisei (founded by Okura Kihachiro 1873; organized as a corporation, Okura Doboku
Gumi Corporation, in 1917; name changed to Taisei in 1946)
Takenaka (family roots extend back to Tobei Masataka, who started a Nagoya carpentry
business in 1610; Takenaka was founded as a company in 1899).

Each of these major firms was to build large amounts of construction, first in Japan in the Meiji
era (1868-1912), extending into the period of the reign of the Emperor Taisho (1912-1926), and
extending during the 1826-1989 Showa period (reign of Emperor Showa, Hirohito) and on to
today. As the firms grew, they expanded their work abroad, and each also established their own
engineering research institutes, beginning with the Kajima Technical Research Institute of 1949.
The amount of basic and applied research undertaken in those construction industry corporate
laboratories is unparalleled in most countries, and certainly in the earthquake field they are
unparalleled. The integration of architectural and engineering design, and the combination of
design with construction, are also done on a scale not seen in most other countries. Seismic
design has remained a specialty of the Big Five firms, and they have been large contributors to
earthquake engineering, along with Japanese universities and government agencies.

Summary of the Contribution of Key Individuals
As we close this review of the 1850-1900 period in Japan with respect to earthquake engineering
developments, it is clear that most of the accomplishments that became foundation elements for
the field’s later maturity were coming from seismology, not civil engineering. As a discipline
and as a vocation, seismology developed in advance of earthquake engineering. The third major
disciplinary area of the earthquake field, social sciences and emergency management, developed
even later. Consider this simple chronology. The First International Seismological Congress was
held in 1901; the first of the world conferences on earthquake engineering was held in 1956; and
social science research on earthquakes dates mostly from 1964, the Alaska Earthquake
(Anderson 1970), and especially after funding for such work was provided by the 1977 National
Earthquake Hazards Reduction Act in the USA. By and large, social science research on
disasters, including earthquakes, first flowered in America. E. L. Quarantelli (2005) has found
one unusually early example of social science research on earthquakes by a psychologist on the
1908 Reggio-Messina Earthquake in Italy, but that exception proves the rule, stated as: Almost
all social science research devoted to earthquakes dates from in 1964. Thus we have the historic
progression in terms of which field developed when: seismology, engineering, social sciences.
It seems heartless that the sieve of history so dispassionately filters out the developments that can
not survive on their own, and yet if this were not so, we would have a world in which the
quantity of information and proposals for new programs would be so vast that we could not
efficiently function. In separating the wheat from the chaff, there is much more of the latter than
the former, and perhaps we should be grateful that an automatic mechanism has existed to
provide this sorting for us. We should also be grateful that in the early years of earthquake
engineering, the persistent efforts of such a small number of people, such as the remarkable first
generation of earthquake researchers at the University of Tokyo, pushed the field forward.
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Provided at the end of this chapter (Figure 5-1) is a Life Span Chart for important individuals
discussed here. Keeping in mind the general historical context with which we began this chapter,
the reader should consider the personal case of each of these individuals in the first generation of
foreign earthquake investigators brought to Japan, and the first of the Japanese to develop into
leadership roles at the University of Tokyo. It is striking that the foreign professors were all
about 25 to 30 years old when they began working together in Tokyo, and the first of the
Japanese professors about the same young age. It was a young field, and young people were
making it. When the foreign professors arrived at the University of Tokyo, these were their ages:
Ewing, 23
Perry, 25
Milne, 25
Ayrton 26
Knott, 27
Gray, 29
Mendenhall, 37.
Sekiya and the Omori took over the chair in seismology and a great load of leadership when they
were only 32 and 33 respectively, and Imamura, though he worked under Omori most of his
career, was only two years younger than Omori.
Also interesting is to look at the time of the foreign professors in Tokyo in more detail as in
Figure 5-1, rather than rounding it off as the “1870s and 1880s” as brief accounts do. Ayrton and
Perry overlapped with each other. Mendenhall overlapped with Ewing and Gray. Gray
overlapped with Knott. And Milne overlapped with all of them. Until Omori was on the scene,
Milne was the shinbashira that provided the key connections among them as they came and
went. Today there is institutional momentum in universities and elsewhere that makes the
continuous bridging via personal interaction at one key place less important. In the 1850-1900
period in Japan, the personal overlap in years spent at the University of Tokyo was essential to
prevent the embryonic field of earthquake engineering from dying.

Earthquakes: 1850-1900
In the case of a country such as Japan, where written records of earthquakes go back at least to
599 AD (Ishibashi 2004), it would seem that we should review that more than a millennium of
events here. However, in terms of developments that led to today’s engineering capabilities for
contending with earthquakes, we can briefly sum up that rich seismological history by saying
that the frequent occurrence of large, damaging earthquakes over the centuries gave Japan the
motivation for later launching its earthquake engineering initiatives in the twentieth century. As
noted earlier, the attention here is focused only on the manageably small number of earthquakes
that have had a particular influence on earthquake engineering.
During the formative 1850-1900 period in Japan, there were many large and damaging
earthquakes. These provided the actual phenomena to be studied as well as making the threat to
the nation dramatic enough to justify a well-funded research program. In this timespan, there
were 53,407 fatalities (Dunbar et al. 2006) After the 1891 Mino-Owari Earthquake and 1896
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Sanriku Earthquake, until the 1923 Kanto Earthquake, seismicity and losses were at a reduced
level in Japan, and thus the fact that the field managed to get a firm institutional foothold by the
time of that quiescence was critical to its development.

1855 Tokyo Earthquake
This earthquake of November 11, 1855, caused a life loss of approximately 7,000, almost as high
as in the Mino-Owari earthquake that was to strike in 1891 that had a much larger magnitude,
8.0. The reported magnitude value for the 1855 earthquake from Dunbar et al. (2006) is 6.9. It is
often called the Ansei Edo Earthquake, because it occurred in the imperial timespan of Ansei
(1854-1860), and because Tokyo was still known as Edo in 1855. (It was to be re-named Tokyo,
“Eastern Capital,” as one of the first Meiji innovations). Bakun (2005) notes what is often the
case for earthquakes that happened long ago, the difficulty in assigning magnitude and location:
“It is clear from the pattern of damage that the destructive 11 November 1855 Ansei Edo
earthquake occurred near Tokyo, but the focal depth and causative seismogenic structure are
controversial.” It may have had a magnitude of 7.2, yet was still a distinctly smaller disaster than
the Mino-Owari Earthquake of 1891. As with many earthquakes, especially in Japan, there were
fires as well as building collapses in the 1855 disaster. This earthquake occurred shortly after the
unsettling visits of Commodore Perry in 1853 and 1854, and according to Smits (2006), “the
earthquake was a blow to bakufu finances, power, and prestige.” He cites the large number of
quickly printed and mass distributed posters with implied political captions or slogans showing
versions of namazu, the mythological catfish said to cause earthquakes. He finds this to be
evidence that the population was becoming more willing to criticize the shogun’s administration,
the bakafu. Smits reports damage was high on soft soil areas where the government had some
important construction and where many of the wealthy samurai who were part of the
governmental system lived. Apparently this caused rumors that the ruling classes had fallen from
divine favor.
This earthquake is a data point indicating Japanese interest in the study of earthquakes in the preMeiji or pre-Western era. When Sekiya and Omori published in 1904 their catalog of original
Japanese sources relating to earthquakes from the fifth century onward (Clancey 2006 p. 83), a
large number of their documents concerned the 1855 disaster. The interest in studying
earthquakes in Japan may have been pre-scientific, reading mythological causality into the
events or deriving omens from them (as was common elsewhere in the world at the time), but it
was more avid and socially widespread than in most countries.

1880 Yokohama Earthquake
The most significant aspect of this moderate (M 5.5) earthquake on February 22 was that it
precipitated the formation of the Seismological Society of Japan. This was the precipitating
event, as when a solution has all the necessary ingredients in it save one for solid particles to
suddenly precipitate out. The prerequisite small but motivated core of scientists and engineers
was now assembled in Tokyo because of the build-up of the University of Tokyo and the various
governmental agency and industrial technical positions. John Milne’s role at this time was
central, as previously discussed. When the earthquake occurred, of the original foreign cadre,
Ayrton and Perry had already left Japan, and Knott had yet to come, leaving Ewing, Gray, and
Mendenhall as key colleagues of Milne, and there were a few dozen Japanese and Europeans in
Tokyo who were at least amateur scientists interested in earthquakes. The key ingredients in this
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development, the founding of the first seismological society in the world, were (1) this supply of
motivated scientists and engineers, and (2) an earthquake. In this recipe, it was more important to
have a fairly large and high quality of the former, while just a small earthquake, as long as it
affected the Tokyo-Yokohama region, would suffice. The Society was later re-formed as a new
organization of the same name in 1929 with Akitsune Imamura as the key leader.

1891 Mino-Owari Earthquake
We have already seen the significance of this earthquake for its spectacular surface fault rupture,
which led Bunjiro Koto to correctly conclude that the faulting was the seismogenic phenomenon,
and the earthquake shaking was the epiphenomenon. John Milne, with W. K. Burton, a professor
of sanitary engineering at the University of Tokyo, conducted what we would today call an
earthquake reconnaissance field study of the earthquake, publishing their observations and
photographs in 1893. The title of the book is interesting: The Great Earthquake of Japan, 1891.
A decade after Milne’s death in 1913, the Kanto Earthquake would make the book’s title seem
anachronistic, because that 1923 disaster became the “great” one. In the book, a principle
essential to earthquake engineering was noted, when the authors state that “we must construct,
not simply to resist vertically applied stresses, but carefully consider effects due to movements
applied more or les in horizontal directions.” The 1891 earthquake of estimated magnitude 8.0
earthquake of October 27 caused over 7,000 fatalities. Japan, including offshore areas, has
experienced 20 magnitude 8 earthquakes in the 1850-2000 period, but except for tsunami losses,
it has been the ones that are shallower and under Japan itself or just offshore that have been
closer to the population, construction, and agricultural assets, thereby causing more damage. In
1897 and 1898, for example, there were five earthquakes of magnitude 8+, off the east coast of
northern Honshu and southern Hokkaido (Richter 1958, p. 560), a remarkable seismic energy
display, though unattended by significant damage. The subduction zone environment of Japan
allows for a variety of focal depths and locations of earthquakes vis-a-vis the plan view of the
map, similar to other subduction zone regions of the world.

1896 Sanriku Earthquake
This magnitude 7.6 earthquake on June 15, with its dreadful life loss of over 27,000, is one of
many earthquakes in Japanese history that could be cited because of the tsunami it generated. A
vertical displacement of the seafloor – and thus displacement of water – is necessary for an
earthquake to generate a tsunami, a seismic sea wave, and subduction zone areas of the world are
the prime locations for such conditions. The term is sometimes also used to refer to the waves
caused by volcanic explosions, such as that of Krakatoa in 1883; underwater landslides, such as
the Storegga slide 8,000 years ago off the coast of Norway that sent 20 m waves to Scotland and
Greenland; or waves caused by what in simple terms is the splash of an impact, such as is
thought to have accompanied the ancient hit of a comet 65 million years ago near what is today
the Yucatan peninsula of Mexico. Here we limit the definition to the seismically caused sea
wave.
The 1896 earthquake caused a maximum run-up of approximately 40 m as well as massive wave
heights. The run-up is the high-water mark, the height above sea level the water managed to
reach as it proceeds inland. This is influenced by topography. Though “tidal wave” is a term
disparaged by the experts, in many instances a tsunami has tidal characteristics, with the water
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level rising and lowering (though in minutes rather than six hours), rather than visible waves
forming. This rapid inflow and outflow of water creates not only flooding but strong currents,
especially in harbors. In other cases a true bore forms, with an approximately vertical face to the
oncoming water, which can be the most devastating. The 1896 earthquake in one instance
generated a wave 38 meters high. If one has been to Nikko, one can easily visualize the size of
that wave, for the pagoda there is virtually that same height. Another deadly characteristic of
Japanese tsunamis is that they are often locally generated, and thus arrive quickly. Even today
with the world’s most advanced detection, warning, and evacuation preparedness system, life
loss still occurs in Japan partly because of this short lead time. The 1896 tsunami occurred too
early to have a significant impact on tsunami detection and warning, which we shall see came
following later earthquakes in the twentieth century.
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Table 2-1.

Chronology Tables: 1850-1900
General
Historical
Context

Earthquake
Engineering

Earthquakes*
*

1853 US warships visit Japan; weakness of shogunate in dealing with foreign threats
1855 first steam ship operating in Japan, imported from Holland
1868-1869 Boshin War decisively ends Tokugawa Shogunate, Meiji imperial forces win
1868 Meiji Restoration and new constitution ends power of shogun
1868 first hotel built along European/American lines
1869 capital changes from Kyoto to Tokyo
1869 first lighthouse, designed by Richard Brunton
1869 first large-scale telegraph system, designed by Richard Brunton
1872 first railroad
1872 first bank building
1875 250 foreign (mostly British) engineers working in Japan in various industries
1880 Royal Printing Office
1884 technical high schools established to supply engineering technicians
1888 first electric power generating station
1889 Meiji Constitution modeled after German and British governmental models
1894 First Sino-Japanese War starts, victory by Japan over Qing dynasty forces in
Korea and Manchuria in 1895; insurgency by Chinese on Taiwan toward Japan
defeated and Taiwan becomes a Japanese territory
1897 University of Kyoto established
1900 population of Tokyo 1 1/2 million, Japan 44 million
1873 Imperial College of Engineering
1876 John Milne joins faculty of University of Tokyo
1880 Seismological Society of Japan
1883 Palmieri seismograph in Tokyo Meteorological Observatory replaced by EwingGray-Milne seismograph
1886 Seikei Sekiya (1854-1896) first professor of seismology at University of Tokyo
1886 Architectural Institute of Japan founded
1891 Bunjiro Koto’s studies of Nobi Fault and its seismogenic role
1891 Imperial Earthquake Investigation Committee established
1892 Imperial Investigation Committee takes the place of the Seismological Society
1893 shake table constructed and used by John Milne and Fusakichi Omori
1895 John Milne returns to England
1897 Fusakichi Omori professor at University of Tokyo
1898 Dairoku Kikuchi (1855-1917) becomes president of Tokyo Imperial University
1900 Omori Intensity Scale by Fusakichi Omori
1855 November 11 Edo (Tokyo) Earthquake, 7,000 fatalities, M 6.9
1880 February 22 Yokohama Earthquake, low damage, M 5.5
1891 October 27 Mino-Owari Earthquake, 7,273 fatalities, M 8.0
1896 June 15 Sanriku Earthquake, 27,122 fatalities; M 7.6

* Reported dates, magnitudes, and losses of earthquakes can vary slightly from source to source, depending on the
time standard used (local, GMT, etc.), different estimates of magnitudes for older earthquakes or multiple magnitude
scales for recent ones, and multiple or approximate reports of losses. Where available, the US Geological Survey
World Lists) and the Catalog of Significant Earthquakes (Ganse and Nelson1981), online version by Dunbar et al.
(2006) have been used for consistency.
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1900-1950
In this segment of history we find Japan rapidly developing seismic structural design concepts
and applying them to large-scale construction projects. Structural engineering, and later
geotechnical engineering, advances its role in the earthquake engineering field, as compared to
the earlier higher proportion of contributions from seismology. Toward the end of this halfcentury, an event more momentous than any earthquake in Japan’s history occurs, the Second
World War, and Japan then begins its post-war recovery.

1900-1950: General Historical Context
The rapid increase of Japan’s prowess in science, technology, and world power continued
smoothly after the turn of the nineteenth-twentieth centuries. In terms of technology and world
power, the tremendous development of Japan was obvious. It had no steam-powered, metalhulled vessels until it imported one from Holland in 1855; 50 years later in the Battle of
Tsushima, its advanced naval vessels sunk eight Russian battleships, losing only three small
torpedo boats. The Mikasa battleship of the Japanese navy was probably the most powerful of its
class in the world at that time, based on the latest British designs but with increased armor
protection, longer-range guns, and greater speed. The victory of Japan in the 1904-1905 RussoJapanese War was the first time a non-Western power had defeated a Western one since three
and a half centuries previous when the Ottoman Turks won the war against the Byzantine Empire
in 1456. Until the 1868 Meiji reformation began, the efforts of the shogunate over its threecentury span of rule was aimed at preventing ships from sailing to and from Japan, preventing all
foreigners access except for a small and carefully regulated presence in the port of Nagasaki by
the Dutch, and prohibiting all but flat-bottom boats to be made by the Japanese so that trading
voyages to the Asian mainland would not occur. In less than 50 years, Japan went from having
no ocean-going navy to having one of the world’s best.
The next big war, World War I, affected Japan only peripherally, though being on the winning
Allied side benefited it. Both militarily and in other fields, Japan seemed on a course of everincreasing success. By 1930, 68,000 engineers were graduating each year from Japanese
universities and technical schools (Uchida 1995). In the first two decades of the twentieth
century, Japan had built roads and bridges for automobiles in addition to a railway system, and
like other advanced nations was part of the air age: In 1911, Sanji Nagahara of the Japanese navy
designed and then flew an airplane on a tour around Japan. By the 1930s, it was producing
scientists such as Hideki Yukawa, later to earn a Nobel Prize in physics for his prediction of the
existence of the meson elementary particle. The Meiji reformation of the political system seemed
to provide stability, as the leaders of the parliament and ministries maintained continuity across
changes in emperors and as the original cluster of leading influentials who shepherded the Meiji
revolution passed from the scene.
Political and military events of great significance happened throughout this 1900-1950 period,
during which Japan expanded politically and militarily in Manchuria and later other large parts
of China. Japan obtained Taiwan in 1895 after a short war with China, the First Sino-Japanese
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War, then annexed Korea in 1910, occupied Nanking by 1937 in conflict China, and had
expanded into French Indochina in 1939 when the French were defeated in Europe in World War
II. However, just as there was one aspect of the general historical context of greatest significance
in the 1850-1900 period, so there was one in the timespan 1900-1950: World War II. Just as July
8, 1853, when Commodore Perry’s fleet entered Tokyo Bay, was the single most important date
of the 1850-1900 period (to pick one precise event to represent the Meiji reformation), so there
was one date that stands out in this period: December 7, 1941, the attack on Pearl Harbor,
Hawaii. Both events involved competition with the USA, but in the earlier era, Japan turned the
conflict to its advantage, leading to great growth in wealth and power. In the latter era, Japan’s
decision to fight a war with the United States led to defeat, poverty, and weakness that took a
significant portion of the 1950-2000 period to overcome. Perhaps the other most significant date
of the era in terms of general historical context was May 15, 1932 when Prime Minister Tsuyoshi
Inukai was assassinated by the forces in Japan that were beginning to establish a form of fascism
similar to what then growing on German and Italian soil. In a few years, those three fascist
governments were the Axis powers fighting the Allied Powers in World War II. Only after the
Second World War was Japan able again to have a stable democratic political system, where the
process of elections and a smooth handing over of the reins of power is commonplace.
The war in the Pacific with the United States, also fought with Britain, Australia, and New
Zealand, devastated the country’s resources and ended in defeat. The number of Japanese
military men killed in the war was about 2.5% of the country’s population; the comparable
percentage for the USA was ten times less, even though America fought in both the Pacific and
European theaters of the war. American bombers were directed to spare the historic city of
Kyoto, but most other major urban areas had been heavily damaged by blast and fire from air
attack by the summer of 1945, when atomic bombs dropped on Hiroshima and Nagasaki reduced
most of the area of those cities to embers and rubble, killing approximately 70,000 residents of
Nagasaki and approximately twice that in Hiroshima.
When looking at the last decade of this 1900-1950 timespan, we can see some major dislocations
caused by the war in the development of earthquake engineering in Japan. Not only were some
skilled engineers doomed to not come back from the war, but efforts were diverted to war-related
research or rapidly designing or repairing infrastructure to sustain the war effort. All during the
war, Japanese engineers and scientists were cut off from developments elsewhere, except for
some access to German military designs. Development of earthquake engineering in Japan
essentially went into hibernation beginning at least by 1937, when its war in Asia began, or
perhaps toward the beginning of the 1930s when war preparations began to consume the nation’s
talents and resources. An example of the difficulties of pursuing earthquake research during the
war is given by the career of Syn’itiro Omote (1912-2002), who was to be the first Director of
the International Institute of Seismology and Earthquake Engineering, later a professor and
president of Kyushu Sangyo University. Omote was an expert on aftershock studies, but the war
prevented him from making aftershock observations of the 1944 Tohnankai Earthquake and 1945
Mikawa Earthquake (Miyamura 2003 p. S18). In a country such as the United States, whose
home territory was almost untouched in the war, defense research probably had a growthinducing effect on branches of engineering that were to be relevant to modern earthquake
engineering.
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An example of the uphill effort required of engineers to proceed with their careers after the war
is provided in another field by the creation of Sony. Co-founders Masaru Ibuka and Akio Morita
decided their first innovative product would be a tape recorder. An early working prototype is
prominently displayed in the museum of the Sony corporation headquarters in Tokyo. It is a
large metal-clad unit, the size of a suitcase, with a steel handle at each end for carrying the heavy
equipment, and it was made in a partially bombed-out telephone building in Tokyo with a small
group of employees. Together the two founders would each grab a handle of the machine, get in
the only car the little company had, and drive to recording studios, music departments of
universities, and other potential clients to market their innovation, trying to find a clientele that
had any money to spend in the period of post-war poverty. Looking with hindsight at that artifact
in the Sony museum also of course gives one the sense of excitement that was to follow in the
1960s and later, when successes such as Sony, Toyota, and other household product names
began to rise so quickly. But confining ones viewpoint to that of a person in 1950, the course of
Japanese science and technology seemed meteoric in the literal astronomical sense of a object
hurtling downward, burning up, not in the inverted way the entertainment business uses the term
to mean someone’s rapidly rising fortunes. In 1950, one would not have bet that Japan would be
the world’s second largest economy within a few decades.
In the period before 1900, one can tell the story of university-based earthquake research, or any
other kind of university activity in Japan, with reference to mostly one place, the University of
Tokyo. By World War II, there were seven imperial universities in Japan (along with one each in
Korea and Taiwan when they were territories of Japan). After the war, the “Imperial” was
dropped from their names, but they continued as the same institutions:
1.
2.
3.
4.
5.
6.
7.

Tokyo, established 1877
Kyoto, 1897
Tohoku, 1907
Kyushu, 1911
Hokkaido, 1918
Osaka, 1931
Nagoya, 1939

There were also important private universities founded in this time, the most of important of
which in terms of earthquake engineering being Waseda University, established in 1902 in
Tokyo. In discussing events at universities, we need to keep in mind that the traditional academic
divisional lines in a Japanese university place a department of civil engineering (bridges,
infrastructure, dams) and architecture (both architectural design and structural engineering
aspects of buildings) in the same college of engineering. Though many famous Japanese
earthquake engineers have had what are sometimes called “architecture department” degrees,
they are essentially structural engineering degrees as applied to building construction. And some
Japanese architects have been described as graduating from an “engineering” school because of
the location of architecture within an overall school of engineering. The Architectural Institute of
Japan, a key earthquake engineering entity in Japan, primarily relies on its structural engineering
members, who are about three fourths of the membership, as compared to the architect members
of this “architectural” organization. The AIJ in the seismic field is similar to an organization in
the United States such as the Structural Engineers Association of California. Within the broad
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discipline of civil engineering, there has been a strong academic and professional distinction
made in Japan between structural engineering applied to buildings (“architectural”) as compared
to bridges and infrastructure (“civil engineering”), and this remains a significant disciplinary
distinction today.
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Earthquake Engineering: 1900-1950
During this period, earthquake engineering in Japan reached a level that was unimagined in
1900: Construction was routinely seismically designed, using calculation methods that first
determined the design seismic loads and then provided the structural engineer with the means to
distribute those loads throughout a structure and devise appropriate earthquake resistance in its
various elements and connections. In the following half-century, 1950-2000, great changes
would take place in the sophistication of that analysis, but they were more incremental:
modifying a seismic code, not initiating one; improving on seismic analysis methods, not
introducing them for the first time. The 1900-1950 era essentially peaked with the use of the
equivalent static lateral force method of analysis to compute seismic loads, which would leave
more explicit dynamic and inelastic analysis methods for the next half-century. In the first half of
the century, there were very few strong motion records to use in analysis, and none from Japan;
in the latter half such records became numerous. Concerning the structure itself, in the first half
of the century, it is fair to say that strength rather than ductility was the central Japanese
earthquake engineering concept, as it was elsewhere, whereas testing and analysis to provide a
structure with the ability to resist cyclic inelastic behavior over the duration of an earthquake
came later. In the geotechnical field, while there were already some earthquake engineering
developments, its development was to come mostly past the mid-century mark, as basic soil
dynamics knowledge improved along with an understanding of special seismic problems such as
liquefaction.
In the international context, it was in this time period that Japan’s earthquake engineering knowhow was exported abroad and was extremely influential in other countries, for example in India,
the United States, and New Zealand. In the first two decades of the twentieth century, someone
seeking information on how to build, or engineer, construction to withstand earthquakes had
many fewer sources of information and examples than today. Italy was another possible source,
but as commented on earlier, its advanced engineering methods were less widely disseminated
and known about than in Japan, especially until John Freeman took the effort to have large
amounts of Italian text translated, summarized or quoted, and included in his Earthquake
Damage in 1932. After the 1933 Long Beach, California Earthquake, American seismic codes
and structural engineering practice advanced rapidly and soon became an often consulted body
of knowledge in other countries. “American” here really means “Californian,” because both the
codes and the engineering practice with regard to any seismic design measures were limited to
that state until slowly spreading to other western states after World War II. Seismic codes and
practice flowed more generally across that nation in the 1970s and afterward, sometimes in fairly
strong concentrations and yet even today sometimes very dilutely. A data point indicating the
source of US earthquake engineering know-how in this period comes from a committee of
Americans and Japanese who conducted a relatively large-scale review of the state of the art
(American Society of Civil Engineers 1929). The Special Committee on Effects of Earthquakes
on Engineering Structures was motivated by the desire to compile useful engineering information
from the 1923 Kanto Earthquake, but was broader in its review. On the American side, there
were theoretical papers by professors at the University of California at Berkeley (Joseph Le
Conte and John Younger), Caltech (R. R. Martel), University of Illinois (W. M. Wilson),
Stanford University (Leander Hoskins), with a number of practicing engineers such as J. D.
Galloway. On the Japanese side, the Civil Engineering Society of Japan provided an
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organizational focus for a dozen or more who were involved, with Isami Hiroi their leader. It was
partly the large amount of information from the 1923 earthquake that made this American
publication so centered on Japan, but it was also because this was where Americans could access
the latest earthquake engineering knowledge. From the early days of the University of Tokyo to
then there was a continual stream of seismology and engineering research produced in Japan. For
the practicing engineer, the most valuable part of the multi-volume report was the English
translation of a treatise by Tachu Naito, complete with what a structural designer holds most dear
– calculations and construction drawings of Naito’s completed projects using his seismic design
methods.
In India, as separately discussed in that chapter, the work of S. L. Kumar was an important part
of the origins of engineering methods to contend with earthquakes, following the 1931 Mach
Earthquake. A reading of his “Theory of Earthquake Resisting Design” (Kumar 1932) is
informative in documenting what sources of information from other countries influenced his
thinking. He refers to the findings of Kyoji Suyehiro, obtained by reading Suyehiro’s English
publication from his 1931 foreign lecture tour (Suyehiro 1932), and he acquired other
information on Japanese practice from Freeman’s 1932 book.
In New Zealand, the earliest treatise on earthquake-resisting construction, by C. Reginald Ford
(1926), contains information from work by Omori, Milne, and another University of Tokyo
professor, C. D. West from the first years of the engineering and science program at the
University of Tokyo in the 1870s, and Ford reports the recommendations on seismic construction
in Japan as the most authoritative available. (West will be mentioned presently in connection
with Professor Riki Sano.) In his early book, Ford reproduces drawings of earthquake-resistant
house construction details published by the Imperial Earthquake Investigation Committee. While
Ford’s book is an impressive accomplishment as of that day, with a very readable and yet
technically precise review of the general principles of dynamics as applied to seismic design, he
acknowledges that he learned from developments in other countries, in particular Japan and the
United States (Ford 1926, p. 58). The influences from Japan seem mostly to have come from
articles in the Bulletin of the Seismological Society of America, and from a variety of sources in
Japan. The earthquake damage, or earthquake performance, data, and examples he cites are
mostly from the 1906 Northern California or San Francisco Earthquake and the 1925 Santa
Barbara Earthquake in the United States, and mostly from pre-1923 Kanto Earthquakes in Japan.
While Ford refers to a little information on the 1923 earthquake, it is a reasonable conjecture that
he would have included more had he been in possession of more information on the earthquake
by the time he was finalizing his book. Still, his book contains a large amount of material he
learned about from the work of people in Japan. The next major book on seismic design to be
written in New Zealand, by S. Irwin Crookes (1940), is another data point indicating the relative
role of Japan as a source of information for other countries. Crookes also includes information
from Imamura and other sources in Japan in his 1940 book, but by then California had
experienced the instructive 1933 Long Beach Earthquake, and some strong motion records had
been collected from that and other earthquakes by the new Coast and Geodetic Survey
accelerograph program that John Freeman had instigated. (The 1940 El Centro record was not
among those which Crookes had reference to by the time his book was published the same year).
And importantly, detailed structural regulations for earthquake-resistant design of schools had
been issued by the State of California. In the 1940 book, Crookes devotes about the same number
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of pages to an almost complete re-printing of the 1937 Structural Design and Materials Details
of Construction issued by the California Division of Architecture as to his own writing. He
included not only the seismic regulations per se but most of the content from materials chapters
of the California code that would have been needed for a structural engineer to use those
regulations as a design reference. Crookes also included detailed drawings and calculation
examples of Tachu Naito’s frame analysis procedure for lateral-force resisting design. We can
see that as of 1940, California has joined Japan as another place to consult for the latest in
earthquake engineering information.
Clancey (2006) has made the astute observation that one reason Milne stands out from his fellow
foreigner colleagues of the 1870s and 1880s is that he stayed in Japan and continued work in the
field as the other illustrious early figures left Japan and by and large left the earthquake field. A
star is just as bright in the daytime as when the sun goes down, but it only stands out at night.
Similarly, Japan’s early start on earthquake engineering made it a shining example other
countries focused their attention on, in the relative darkness of those decades leading up to
approximately 1930. We shall see that by the end of the 1950-2000 period, Japan remains a
leader in earthquake engineering and could be said to be preeminent in several ways, but by then
it is joined by other luminaries. Part of the explanation for the relative rise of other nations in the
field of earthquake engineering is that Japan decelerated mid-century because of World War II;
the other half of the explanation is that other countries had by then accelerated in the earthquake
field to get up to speed.
Now comes the question: Why did Japan produce such a rich treasury of earthquake engineering
information by the 1930s? Recall that in the 1850-1900 period, the most impressive
accomplishments in Japan in the earthquake field were in seismology, not engineering. Italy had
some engineers as sophisticated in the ways of dynamics as applied to earthquake resistant
design after its 1908 Reggio-Messina Earthquake. The United States had its 1906 earthquake in
Northern California and a boom economic time the first quarter of the twentieth century,
especially on its seismic West Coast, to invest in developing and applying earthquake
engineering. But it was Japan more than any country that was the leading source of earthquake
information in the early twentieth century. We shall try to answer that question by discussing the
careers and contributions of a small number of engineers, doing so in a small number of pages,
and thus focusing on three of the most important individuals: Riki Sano, Tachu Naito, and Kyoji
Suyehiro.

Riki Sano
The first engineer of this period deserving of special mention is Riki Sano (1880-1956),
professor of structural engineering at the University of Tokyo. For the same reason as noted
earlier in explaining the two versions of the given name of Seikei Sekiya, the first name of Sano
is sometimes given as Toshikata. (Otani, 2007) In 1906, he boarded a ship to cross the Pacific to
study the earthquake in Northern California with Fusakichi Omori and was already specializing
in the structural aspects of earthquake engineering. (Otani 2006) At that time, Sano was a young
faculty member, but was soon to become the foremost structural engineer in the university. The
topic of his doctoral thesis was “Seismic Design Concept for Building Structures.” In addition to
this faculty role, Sano was an engineer and executive with Shimizu Corporation, one of the “Big
Five.” (Kubo, 2005)
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By the end of this 1900-1950 time period, the equivalent static lateral force elastic method of
seismic analysis had established itself, and in continually updated and refined form, it is still the
method most used around the world. A relatively small number of buildings are designed today
using inelastic dynamic analyses, subjecting a theoretical model of a structure to each split
second of a strong motion record. Even if a seismic code allows inelastic dynamic analyses and
provides criteria for their use, for the vast majority of buildings most countries’ codes allow the
equivalent static lateral force method to be used. Most buildings are seismically designed by
application of a single unchanging (static) lateral design force applied to the overall structure,
and distributed up its height as unchanging lateral design forces at each given level, and the
amount of design force is such that the structure responds within its elastic range. While the
actual earthquake causes rapidly changing dynamic forces, and in a severe earthquake portions of
the structure behave inelastically, the analytical simplicity of the equivalent static lateral force
elastic method has maintained its popularity. That term is a long one, but each word provides
essential meaning. The method calculates lateral design forces that are intended to be equivalent
to, not the same as, actual earthquake forces. The force is scaled to keep the members within
their elastic limits, a tremendous aid to calculation, keeping the seismic loading within the
predictable world of Hooke’s Law, where stress is proportional to strain. The detailing and
materials provisions that are an inherent part of any seismic design method are devised to take
this lower, elastic design basis into account. The design force at a given level of the structure is a
single unchanging force, a static one rather than a series of forces synced up with time as in the
case of truly dynamic design forces.
While the method is called a static force analysis method, it has from its earliest days in Japan
and Italy included a consideration of the frequency content of expected earthquakes, compared to
the natural frequency of the structure, to take into account one key aspect of dynamics. Little was
known about the former, or even the latter, at the turn of the nineteen-twentieth century, but as
more of that data was acquired, the equivalent static lateral force elastic analysis method has
become more sophisticated and reliable. Today, most of the buildings in the world, even in the
countries discussed here where advanced fully dynamic methods are also used, are still designed
with some variant of that method that was developed a century ago. Hence, its origins are of
great interest in understanding the history of earthquake engineering. Sano, along with roughly
contemporary advances in Italy by engineers such as Modesto Panetti (1875-1957) and Arturo
Danusso (1880-1968), must be credited as the parent of the method.
A key historical question in this time period is thus how this method developed, with regard to its
three key features: (1) the application of a seismic coefficient or percentage of the mass of the
structure, the equivalent lateral force; (2) the consideration of dynamic response in terms of the
coincidence of ground vibration frequency and the building’s inherent vibration characteristics;
and (3) the provision of ductility in the structure, because it was understood that the elastic basis
of the method was for computational convenience, not an accurate description of reality.
Though I have not been able to pinpoint exactly when Professor Sano devised his shindo
(seismic coefficient) method, he certainly had developed and prominently publicized it by 1916
(Sano 1916) in the Imperial Earthquake Investigation Committee series of publications. Oohashi
(1995) states that Sano’s method was drafted into a proposed building bylaw or code regulations
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for the municipality of Tokyo in 1913, which pushes Sano’s accomplishment at least back that
far. There may have been some early contribution to that line of thinking from C. D. West, the
prominent naval architect in England who came to the College of Engineering in Tokyo to build
up its program in that important area, and who produced at least one design for a seismograph
(Milne 1886 p. 28-29). As of that day, of all the engineering fields perhaps naval architecture
was most centrally concerned with and advanced in its consideration of dynamic loads on
structures, along with the mechanical engineers who had to deal with that subject in the design of
machinery and its moving parts. What became known as West’s formula was the equation West
produced while in Japan to summarize the experiments conducted by Omori and Milne with
small objects that were shaken till they overturned:
a/g = x/h
where a is the acceleration of the earthquake, g the acceleration of gravity, x the horizontal
distance from the center of gravity of the object to the side about which it tips, and h the height
from the base to the center of gravity of the object. For a cube-shaped object of uniform mass
distribution, a horizontal acceleration of 1 g would indicate overturning.
Freeman (1932 p. 743-746) notes that important dynamic principles had to be severely
condensed and simplifying assumptions introduced to predict the motion of actual objects in real
earthquakes, and especially for purposes of structural design. Space does not allow review of
rocking motions and stability here, except to put in historical perspective the challenges faced by
the early earthquake investigators and developers of seismic design methods: rocking response
remains a difficult analytical problem even today. An early analysis in the modern earthquake
engineering era is by Housner (1963), who concluded that there was an “unexpected scale effect
which makes the larger of two geometrically similar blocks more stable than the smaller block. It
is also shown that the stability of a tall slender block subjected to earthquake motion is much
greater than would be inferred from its stability against a constant horizontal force.” Experiments
were conducted on modern shake tables in the USA and Japan as they were constructed in the
1970s, and such research has continued up past the year 2000, indicating the problem’s
complexity. One cannot extract a single number from a shake table experiment or actual
earthquake’s ground motion and expect to predict the fall of an object, no more than one could
instrument two boxers and then take one number, such as peak force delivered by one of their
gloves to the other’s body, to predict which one would fall to the mat, and in which round. The
analytical and experimental research results have not led to a continual simplifying of the
problem of predicting such behavior but rather the opposite, a common case in the field of
earthquake engineering where, in the phrasing often used by George Housner, we are always
finding out more that we do not know. Consider, for example, this conclusion from Yim, Chopra,
and Penzien (1980 p. 1): “Overturning of a block by a ground motion of particular intensity does
not imply that the block will necessarily overturn under the action of more intense ground
motion.” As Ishiyama (1984) concluded from analytical and shake table research conducted in
Japan, “despite their familiarity and apparent simplicity, the motions and overturning of rigid
bodies in response to earthquake excitations pose extremely difficult problems when exact
solutions are sought.”
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Actual structures are much more complicated than simple blocks and cannot be modeled as rigid
objects but instead have elastic and inelastic properties that greatly affect their dynamic response.
Freeman also noted that the foundation of a building can rock vis-à-vis the soil, and that an
earthquake is a complex series of impulses of accelerations, rather than harmonic motion or a
single jolt. Actual buildings very rarely fail in earthquakes by overturning – in the vast majority
of earthquakes no such cases occur. If a structure does collapse in an earthquake, it almost
always does so by using up its vertical-load-carrying strength from its excessive lateral
deflections, and then the ever-present gravity brings it more or less straight down. Thus, Sano
had some interesting early dynamic experiments and concepts concerning the rocking and
overturning of rigid bodies to motivate him, but to implement an actual lateral-force-resisting
design strategy for real buildings posed great challenges.
In addition to the others previously mentioned, a few more individuals at the University of
Tokyo as of Sano’s student and faculty days need to be mentioned. In connection with Sano, the
purpose is to indicate what Sano obtained from others in his progressive role in advancing
earthquake engineering, as compared to what was due to his originality. Information on Sano’s
German graduate education would also be of interest, thought it is doubtful if anyone in
Germany as of that day could impart any earthquake engineering knowledge, as distinct from
general structural engineering knowledge. From what I have found, I conclude Sano’s work is
highly original. In fact, the lack of a budding earthquake engineering interest and expertise on
the part of several other faculty who preceded Sano who came to Japan already with a strong
background in construction and engineering is striking.
One of the leaders of the new civil engineering program at the new University of Tokyo was
John Alexander Low Waddell (1854-1938), who arrived to chair the civil engineering
department in 1882. (Weingardt 2005 p. 64). Waddell was already a noted American bridge
designer and was to become more famous when he wrote a major textbook while in Japan, The
Design of Ordinary Iron Highway Bridges. While in Japan, he also wrote System of Iron
Railroad Bridges for Japan (Waddell 1885). There does not appear to be any evidence, however,
that Waddell, either then in Japan or later, was actively involved in early earthquake engineering.
His book on Japanese bridges deals with the usual live, dead, and wind loads, and the loads
induced by the motion of the train, for example as it traverses curved track, but does not include
earthquake loading. Of the other foreign engineering professors mentioned here, Waddell was
the only structural engineer, and it is interesting, though speculative, to wonder if Waddell, who
left Japan to return to the United States in 1886, would have become an earthquake engineer had
he still been in Japan in 1891 when the Mino-Owari Earthquake occurred. For a man who was
primarily a practicing structural engineer, unlike the other engineers or physicists or
seismologists with a more fundamental interest in sizing up earthquakes with seismographs, the
fact that the 1880s were seismically uneventful in Japan would not have nudged Waddell into
that field. The prominent damage to iron structures in the 1891 earthquake, such as the Nagara
Gawa Railroad Bridge, which was investigated with interest by Milne, might have led a
structural engineer such as Waddell to become interested in earthquake-resistant design. While
geotechnical engineering by and large developed later than structural earthquake engineering, it
was not for lack of raw material to study that was provided by early earthquakes. For example
there were many landslides and ground failures on soft soils, as well as severe surface fault
rupture, in the 1891 Mino-Owari Earthquake. As with structural earthquake engineering,
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geotechnical earthquake engineering had first to develop its non-seismic basics before becoming
adept at dealing with earthquakes. Soil mechanics began to be placed on a scientific foundation
only in the 1920s. Many would cite Karl Terzaghi (1883-1963) as the first person to advance that
scientific line of research and practice, and a milestone was his Erdbaumechanik (Terzaghi
1925), which in English translates to “soil mechanics”. As is generally case with the history of
earthquake engineering, first came the non-seismic development of an engineering discipline and
area of specialty – first came soil mechanics or soil engineering, later called geotechnical
engineering – and only later came geotechnical earthquake engineering. First came structural
dynamics, then came seismic dynamic analysis.
Though he never was on the faculty of the Imperial College of Engineering, Edmond Morell
(1841-1871), who was central to the establishment of a railway system in Japan, is credited with
the recommendation leading to the College’s founding (Hayashi 1990 chapter 9). Also worthy of
mention as foreigners teaching and building up the University of Tokyo in its early years was
Henry Dyer (1848-1918), who arrived at the new school in 1872 in a role analogous to a dean of
a school of engineering, on the recommendation of his professor at the University of Glasgow,
William Rankine (1820-1872), who shortly after passed away. Rankine, another of the influential
Scottish scientists and engineers, is best known for his work in thermodynamics and the first
complete engineering analysis of steam engines. He was also prominent in studying soils, having
a retaining wall design method named after him. I have not found any evidence that Dyer took up
what would later be called geotechnical engineering while in Japan with reference to
earthquakes. Dyer, like almost all the other foreigners at the University of Tokyo discussed here,
was only in his mid-twenties. Dyer was impressed by the training of engineers that Morell
accomplished, and when Dyer returned to the University of Edinburgh he imported some of
those innovations from Japan (Hayashi 1990 note 50). Far from being a digression to our central
subject here, such ricochets of historical effects are quite significant. Had Japan not needed to
suddenly import technology experts in its Meiji era drive to catch up with the West, it would not
have recruited (in fact it would not even have allowed into the country) these engineers and
scientists, who were largely connected to either the railroad, mining, shipbuilding, or telegraph
industries, and it was these foreigners who had such a large initial effect on earthquake
engineering in Japan.
Completing this brief review of the foreign engineers at the University of Tokyo we mention
Joseph Conder (1852-1920), recruited from England to set up the architecture school. The Meiji
plan to import knowledge from the West in the form of skilled technicians and professors, then
have a first generation of Japanese learn those skills and quickly provide a native corps to take
over those positions in industry and academia, was efficiently carried out. Conder arrived at the
university in 1877, and the leadership role in the department would devolve in 1884 to his
student, Tatsuno Kingo, who later designed the Tokyo Station hub of the railway system
(Clancey 2006 p. 93). The typical contract for a foreigner to come to Japan in the Meiji era was
only three years, though occasionally someone like Conder or Milne stayed longer, with or
without the university appointment. Clancey takes Conder to task for introducing European
architecture to Japan without due regard for native styles and the work of the master craftsmen
(daiku), and in particular for the sudden shift from wood to masonry construction. Given the
non-seismic detailing of masonry in that day, significant hazards were inevitably produced as
these heavy brick structures, stiff but brittle, were erected. Conder seems to have given some
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thought to earthquakes, criticizing traditional Japanese buildings which were “seismologically,
exactly the opposite of what earthquake structures should be: they are extremely top heavy to
begin with; they have no diagonal ties or braces whatever.” (Clancey 2006 p. 40) Conder died
the year before the 1923 Kanto Earthquake, which might have shown him that a variety of
construction types could be made to collapse, including the traditional and the newly introduced
European, unless specific seismic design features were incorporated. However, Clancey shows
that the significant but less voluminous evidence of damage to European style construction in the
1891 earthquake was not sufficient to make Conder conclude that buildings in Japan required
construction qualitatively different than in Europe.
The “Sano Coefficient,” Shindo
The essence of Riki Sano’s seismic coefficient idea is contained in the f = ma inertial concept of
Isaac Newton (1642-1727). In his Principia (Newton 1687) in his first two axioms of motion,
Newton built on earlier work by Galilei Galileo (1554-1642) to articulate inertia forces: “Every
body continues in its state of rest, or of uniform motion in a right line, unless it is compelled to
change that state by forces impressed upon it….The change of motion is proportional to the
motive force impressed….” Investigators in Japan such as Milne, and his colleagues Perry and
Omori, had been applying principles of statics and inertia to the problem of the overturning of
rigid blocks, using C. D. West’s formula. It was a great step from that type of conceptual
framework, to then try to induce from overturned objects what accelerations they had
experienced in an earthquake, and then to finally produce a new structural design theory to keep
buildings from falling down in earthquakes. Sano as much as anyone made that last significant
step. Perhaps rather than saying Sano advanced upward a step from the overturning block
research, it would be a more accurate metaphor to say he had to climb a high wall to move
ahead. Engineering means putting a number on the quantities of interest – forces, strains,
deflections, and so on. And putting a number on a something means sticking your neck out.
The significance of Sano in the world history of earthquake engineering merits some attention to
his work as presented in his 1916 treatise (kindly translated for me from the original Japanese by
Professor Makoto Yamada of Waseda University). Sano presents his coefficient, shindo, as k =
a/g. The term a is the estimated acceleration of the ground motion to be used in design, and when
divided by gravitational acceleration, g, it conveniently results in a dimensionless coefficient that
can be applied to a building weight to give a value in terms of units of force. Sano estimated that
the following maximum accelerations had occurred in these earthquakes:
1891 Nobi:

near epicenter
in Nagoya (farther away)

0.3 g
0.25 to 0.3 g

1894 Tokyo: lowland
highland

0.1 g
0.04 g

1906 San Francisco: downtown
farther away, hills

0.25 g
0.1 g

1909 near Kyoto:

0.4 g
0.2 g

near the epicenter
farther away
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Otani (2006 p. S185-S187) discusses Sano’s observations of earthquake effects in his monthlong trip to California to study the 1906 earthquake, with Sano’s estimates of maximum ground
acceleration ranging for various locales in the San Francisco Bay Area from about 0.1 g in many
locations to 0.5g in isolated instances.
Usami (1988) states that Sano’s work “marked the beginning of quantitative work in earthquake
engineering in Japan.” This is well before the advent in the 1930s of any strong motion recording
instruments, the first reliable ones being installed in the USA in late 1932 (Housner 1984 p. 32).
Through the last three decades of the twentieth century, records of very strong motions became
increasingly abundant, and it became known that earthquake shaking could occasionally register
in excess of one g of acceleration, but Sano’s estimates were in line with many experts’ estimates
as late as the 1970s. Until the San Fernando Earthquake in Los Angeles and the collection of
accelerograms such as that from Pacoima Dam, which had a peak value of one and one-quarter g,
the 1940 El Centro, California strong motion record, with its peak acceleration of one-third g,
was the world’s most often used guide to strong earthquake motion, reinforcing beliefs that this
was about the maximum possible.
Sano’s data set on destructive earthquake ground motion was limited and approximate. The
information was limited because there were only a few instances of earthquakes with
documented observations of strong motion effects for Sano to study, and approximate because it
predated strong motion records and was based on sketchy interpretations of seismograms or
inferences from damage. Sano concluded that a figure of 0.1 g as the k coefficient to multiply
with the mass of the building was a reasonable design approach. As structural engineers do
today, there had to be a consideration of how the design force level matched up with the numbers
used to compute the resistant capacities. For example, it was obvious that for gravity loading a
floor designed with the usual safety factors to safely carry a live load of 1 ton would not
suddenly collapse if merely one sandbag were added to a one-ton pile of weight. Equivalent
static lateral force factors cannot be compared from one method or code to another without also
considering in detail related factors, such as allowable stresses of the day for various materials,
safety factors, as well as detailing requirements. Note that Sano’s task was the same as today’s,
to produce a reasonable way to proportion the structure’s strength vis-à-vis the forces induced by
the earthquake shaking. It is obvious but interesting that for gravity loading, structural engineers
do not need to consult the latest research in physics to precisely compute what a floor weighs.
Structural engineering did not even need the Newtonian breakthrough of gravitational attraction
– they could compute today the weight of the floor just as well if we still had no insight as to
masses attracting each other with a force inversely proportional to the square of the distance. To
calculate how much lateral force a floor exerts during an earthquake, however, is something
structural engineering, by itself, is helpless to accomplish. Seismology and the accumulation of
strong ground motion recordings were essential to the task, and today structural earthquake
engineering, while it need not stay up to date with the latest research of physicists on gravity,
must keep abreast of strong motion seismology.
Sano’s shindo did not vary up the height of the building. Theoretically, the inertial force level
would be constant if a structure were perfectly rigid, and in fact, Sano and many later Japanese
engineers advocated making the structure as rigid as possible.
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Though more information is known about later engineers who made large contributions to the
field, such as Tachu Naito or Kiyoshi Muto for example, a proper measurement of historical
significance must always heavily weight the accomplishments of the early pioneers. Those who
follow Sano were able to study under him or another teacher who was already educated in
earthquake engineering, whereas Sano had to form the original model for how a professor of
structural engineering should conduct education and research in earthquake engineering. He
accomplished that task more than twenty years before comparable structural engineering faculty
appear in the US, such as R. R. Martel at Caltech, and hopefully deeper research into Professor
Sano’s career by Japanese engineers and a resulting wider publication of his accomplishments
will occur in the future.
In addition to his specialization in earthquake engineering at the university, Dr. Sano practiced
structural engineering. For example, Sano was the structural engineer who designed the repair
and retrofit of the Mitsui Guest House of the university after it was badly damaged in the 1923
Kanto Earthquake, introducing innovative moment-resisting reinforced box-frames that
completely enclosed large openings. (Kubo 2005) Following the 1923 disaster, Sano must have
had a large amount of his time taken up with high-level meetings and planning work because of
his acknowledged status as a national structural engineering leader. For example, Sano was one
of three members of the group that drew up the Imperial Capital Recovery Plan, along with the
Home Minister of the country, Shimpei Goto, who a few years prior had been the mayor of
Tokyo, and Hiroshi Ikeda, a Home Ministry official in charge of city planning (Mori Building
Co. 2001). While Goto in particular had long desired to implement dramatic urban layout
changes based on his studies of cities around the world, his expensive plan for reconstruction
was not implemented, somewhat similar to the way Daniel Burnham’s city plan for San
Francisco was not put in place after that city’s destruction in the earthquake and fire of 1906.
Sano was a strong advocate of reinforced concrete construction. He seems to have been
favorably impressed with the performance of the very few structures of that type that underwent
the 1906 earthquake in California (Otani 2006). Though none of those buildings were in the
burned out area of San Francisco, the desirable fire-resistant properties of reinforced concrete
were obvious, and were to be emphasized after the 1923 Kanto Earthquake when there were a
number of such large structures left standing after the earthquake and fire. As of 1906 in
California, or rather in San Francisco since that was the only city with large buildings, the tall
buildings of approximately ten to fifteen stories had steel frames with masonry infill, rather than
reinforced concrete frames or walls, though their floors were typically reinforced concrete. Sano
primarily had only one reinforced concrete building, the Park Panorama Building in Golden Gate
Park, to study when he visited San Francisco. Today, it goes without saying that a structural
engineer will select reinforced concrete for use in many designs of buildings and other
construction, but one hundred years ago the material was still somewhat novel. Thus, the absence
of reinforced concrete buildings in the city then was not unusual, but it had also been held back
by union protectionism from the bricklayers.
Clancey (2006 p. 213-214 ) maintains that Sano concluded that the tall steel frame buildings in
San Francisco that he saw in his month-long visit with Omori (a rather in-depth earthquake
reconnaissance investigation even by modern standards and certainly more than the “walkabout”
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in Clancey’s account), “were comparatively weak against seismic waves,” though the basis for
that assertion is not documented. Otani, reviewing Sano’s original engineering reports, states that
Sano drew the opposite conclusion, noting that Sano “was convinced of the good performance of
the steel construction; for example, the Call Building, the new Chronicle Building, the James
Flood Building, and the Public Telephone Station Building did not collapse even though they
suffered damage from fires. Detailed inspection of these buildings did not show severe structural
damage due to earthquake shaking; minor damage could be easily repaired (Otani 2006 p.
S189).”
The tall buildings in San Francisco were steel frame structures that all had extensive masonry
infill shear walls or encasing of the steelwork in masonry, or both, and today an engineer would
not simply generalize that they are “flexible.” While one could not say they were of a modern
reinforced masonry shear wall plus moment frame design, the masonry was typically built into
and attached to the frame, rather than being a mere shell or cladding. A further confusion of the
historical record is the old fable that only some structures are designed to sway under seismic
loads, while structural engineers realize that all structures sway or deflect to varying degrees
based on the seismic loading and the structure’s particular continuum of the force-deformation
relationship. Thus this statement lacks engineering validity: “The present consensus is that
Sano’s critics were right. Modern-day Tokyo is increasingly full of steel-framed skyscrapers
designed to sway but not fall in the next major earthquake (like pagodas, as some architects point
out).” (Clancy 2006 p. 215) The false dichotomy about “rigid” and “flexible” as interpreted
without engineering specificity merely obscures the essential facts.
In Sano’s day, the University of Tokyo had a Germanic departmental structure in which a chief
professor occupied the chair of a particular discipline and provided strong leadership over the
other professors, (not to be confused with the administrative position of department “chair” in
most universities today, a position which has a more limited authority that is bounded by the
confines of committees below or around the departmental chair position and deans or other
administrators above it). While this chair system gradually faded away and was essentially gone
by approximately the time of Professor Hiroyuke Aoyama in the 1970s, the chief structural
engineering professor at the University of Tokyo, who also specialized in reinforced concrete
design and seismic design, formed a steady succession of structural engineering leadership at the
university and more broadly in the entire country. That genealogy, from Sano to the present day,
is:
•
•
•
•
•
•

Riki Sano
Kiyoshi Muto
Hajime Umemura
Hiroyuke Aoyama
Shunsuke Otani
Tetsuo Kubo

Sano left the University of Tokyo to be a professor at Nihon University from 1929 to 1939 while
also lecturing at the Tokyo Institute of Technology (IASPEI, 2003, p. 1775). (Unfortunately, that
widely publicized reference book describes Sano as: “Japanese engineer who formulated the
structural engineering system in Japan,” whereas that overly broad term extends to many things
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such as owner-designer-builder contractual relations, construction technology, and non-seismic
developments such as the introduction of steel frames and reinforced concrete to Japan, not just
the seismic coefficient method. “The structural engineering system in Japan” is too broad to be a
meaningless phrase). In no other nation has the de facto top structural engineering professor
position, in effect the “structural engineer laureate” even if there is no official title as such, been
continuously occupied by prominent earthquake engineers, especially considering that this
lineage extends back to the turn of the nineteenth-twentieth centuries and has now proceeded
past the turn of the twentieth-to-twenty-first. With regard to Riki Sano, his national leadership in
the Architectural Institute of Japan is another impressive indication of his national stature. He
was president in 1929, 1930, 1933, 1934, 1937, and 1938 (Architectural Institute of Japan 1990).
As noted earlier, the AIJ has been a leading organization with regard to both seismic engineering
and the wider scope of non-seismic structural engineering.
Following Sano at the University of Tokyo was Kiyoshi Muto (1903-1989), the son-in-law of
Sano, who married Sano’s daughter Yoshiko in 1929. At the time of the 1923 Kanto Earthquake,
Muto was a young structural engineering student in the department of architecture at the
University of Tokyo. Historical aspects of Kiyoshi Muto are reserved for the 1950-2000 time
period.

Tachu Naito
Also in a way descended from or related to Sano was Tachu Naito (1886-1970), a University of
Tokyo student of Sano’s who followed in his footsteps, though at Waseda University rather than
the University of Tokyo. On the subject of family trees, Naito was also to have a famous son-inlaw, Takuji Kobori. Kobori began his education at Waseda University, where Naito was a
professor, then did his doctoral degree at Kyoto University and later was a professor there. Like
Kiyoshi Muto, the son-in-law of Sano, Kobori joined Kajima Corporation as an executive when
he retired from the university and founded a research institute that was named after him there.
Kobori and Muto also share the trait of having been presidents of the Architectural Institute of
Japan, Muto in 1955 and 1956 and Kobori, a generation younger, in 1983 and 1984.
For the same reason as is discussed earlier in connection with Seikei Sekiya, readers may
sometimes find the first or given name of Naito listed as Tanaka. (Otani, 2007) Naito started his
studies with Professor Sano at the University of Tokyo in September of 1907, a year and a half
after the 1906 San Francisco Earthquake that Sano went to study. He recalls Sano telling his
students, “Calculations are the lighthouses of future architecture.” (Naito 1957) Naito became a
professor of structural engineering at Waseda University in 1912, later finishing graduate studies
and getting a doctoral degree from the University of Tokyo with a dissertation titled Theory of
Earthquake Resistant Frame Construction. In 1917-1918, he journeyed by ship to the US,
traveled by train across the United States, and visited Professor George Swain at MIT.
(Centennial Committee 1986). From a map of his trip, we know he also visited Berkeley, New
York City, Washington DC, a few other places in the USA, and Europe, but I have not yet been
able to excavate any facts about those visits. Naito traveled around the world on that trip, already
on a structural engineer’s mission to refine the art and science of what was to become earthquake
engineering. That seems to be the first such earthquake engineering odyssey in history. John
Freeman’s journeys from 1925 to 1932 to try to compile all that was known on the subject would
be the next such odyssey. At Waseda University, Naito would assume other leadership
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responsibilities, besides his role as structural engineering and earthquake engineering professor,
such as trustee of the university, chair of the department of science and engineering, and
honorary professor. His former students and other contributors raised the fund that built Naito
Memorial Hall on the Waseda campus in his honor upon his retirement.
In addition to his professorial work, Naito was to undertake a large amount of consulting
engineering work, applying his and Sano’s advanced seismic design concepts in the teens and
1920s prior to any legally mandated seismic code requirement. As a practicing engineer, Naito
probably had greater influence than Sano, being in the position of adopting and adapting the
Sano shindo approach to major construction projects over a number of years rather than
developing it from first principles. Heading up his own structural engineering firm gave Naito a
wealth of practical design experience. The approach developed by Sano, using a seismic
coefficient of 10% of the weight of the structure, had been implemented by Naito in his pre-1923
designs of major buildings in Tokyo, though it seems that Naito used a seismic coefficient of
1/15, not 1/10. The 1929 Special Committee report of the American Society of Civil Engineers
(1929 vol. 1, p. 114) concluded that “for such earthquakes as have occurred within historical
times in California, structural steel buildings with a height of eighteen to twenty stories designed
for a lateral force equivalent to one-twentieth of gravity, with a maximum unit stresses of one
hundred and seventy-five per cent of the usual working stresses for the combination of dead load,
a very moderate live load, and earthquake will be safe from a collapse and will suffer but minor
damage, provided the foundation material is compact and rigid.” The Special Committee also
concluded that there was some evidence that peak ground accelerations in earthquakes could
reach 1 g, and that “nothing would withstand” such an earthquake. Another of their conclusions
was that “it is economically impracticable to design a structure to resist safely the stresses
generated by a higher acceleration than six feet per second per second.” By chance, that level of
acceleration, 19%g, ended up being the same as a very commonly used seismic coefficient for
low-rise buildings with shear walls designed under the Uniform Building Code in the 1980s.
Simplistic to say, but still true: the only test practicing structural engineers really trust is to build
the real thing and see how it does. Naito was the first engineer in the world to apply the seismic
coefficient method to the design of large multi-story buildings, such as the Kabuki Theater and
the tall (30 m) Industrial Bank of Japan and Jitsugyo Building, and then have them go through a
major earthquake, the 1923 Kanto, and see his designs withstand the test admirably. The
documentation of his seismic design method, the “hypothesis,” was published (Naito 1923) only
months before the September 1, 1923 “test,” and even earlier, in 1920, he presented his method
as applied to an eight-story office building in Kobe at a Construction Society conference
(American Society of Civil Engineers 1929 vol. 4 p. 1)
This was a historic first in earthquake engineering: A structural engineer
employed seismic analysis computations, carefully designed the structure to resist
those seismic loads, detailed the construction to implement new construction
practices, and then saw the resulting building tested by a major earthquake.
Naito’s buildings performed very well in contrast to the standard non-seismic
designs of an American firm doing work in Tokyo at the same time, the George
Fuller Company. They also did well as compared to the significantly damaged
Imperial Hotel of Frank Lloyd Wright (1867-1959). (Reitherman 1980) Wright’s
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admittedly brilliant architectural skills, as well as his knack for self-promotion,
gave him a reputation as a heroic seismic designer in the popular press, but the
engineering world was impressed by Naito. Naito’s theories of seismic design
conveniently had the warm-up test of the smaller Uragasuido Earthquake in 1922.
Naito had recommended that the Marunouchi Building should incorporate seismic
features of the steel-reinforced-concrete type, a steel frame encapsulated with
reinforced concrete, but his advice was not followed and it was badly damaged in
that moderate test in 1922. As if the 1923 Kanto Earthquake had been waiting
impatiently to provide a confirmation that modern earthquake engineering was on
the right path, the earthquake occurred only six months after Naito’s treatise on
earthquake engineering was published. (Naito 1923) The hypothesis had been
stated; the experiment was conducted; the hypothesis was verified. (Reitherman
2006 p. 151-152)
Along with the next Japanese earthquake engineer to be discussed in this period, Kyoji Suyehiro,
Naito did the most to export Japan’s earthquake engineering advances to other countries. For
example, he readily made his calculations and design details available to California engineers
(Engle 1929, Engle 1956). Naito’s engineering article in the Bulletin of the Seismological Society
of America (Naito 1927) and the extensive information on his theory and actual calculations and
blueprints from his designs in the 1929 publication by the Special Committee on Effects of
earthquakes on Engineering Structures (American Society of Civil Engineers 1929) helped
publicize his thinking in the English literature of the field. Naito’s BSSA article was prefaced by
Henry Dewel, one of the civil engineers in the USA, who along with Harold M. Engle Sr. who
was just cited, was the most active in the earthquake field at that time, and Dewel as well as
other practicing engineers were active in putting together the Special Committee report. Naito’s
attitude toward sharing all his “trade secrets” as he states in the ASCE report is quite
straightforward: “The author now publishes the results of his studies which has applied to
practice, aso as to be read and criticized by other engineers.” (American Society of Civil
Engineers 1929, vol. 4 p. 1) Naito also personally toured John Freeman (1855-1932) through
construction sites in Japan when Freeman visited and openly conveyed his ideas and information
to him (Freeman 1932 p. 464). Engineers responsible for the design of structures in earthquakeprone regions like Japan or California shared the same professional needs, and there was a
growing market or demand for design-oriented methods such as Naito’s that took into account
practical calculation and construction considerations. It was at the 1929 World Congress on
Engineering, held in Tokyo, that Freeman met another key Japanese engineer to be discussed,
Kyogi Suyehiro, as well as Professor Romeo Raul Martel (1890-1965) of the California Institute
of Technology (Housner 1984 p. 32). Preceding the 1929 conference was the 1926 meeting of
the Council on Earthquake Protection convened at the Third Pan-Pacific Science Congress, also
held in Tokyo, which Martel also attended. The chief organizer of that conference, a leading
scholar of Japan, Naomasa Yamasaki, was a geographer by discipline whose European education
led him to analyze the landscape with a geologist’s eye, and he was a member of what had been
prior to the Kanto Earthquake the Imperial Earthquake Investigation Committee. (Weld and
Eiseman, 2007). The next year he was to do fieldwork on the 1927 Tango Earthquake. At least in
the USA, Freeman and Martel were two of the most significant advocates for the growth of
earthquake engineering field, perhaps the two most important. R. R. Martel is the first US civil
engineering professor to make earthquake engineering his major emphasis over his career.
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Freeman’s Earthquake Damage book (Freeman 1932a) and tireless advocacy for a program of
strong motion instrumentation, extended his influence widely. Freeman’s book, even to this day,
has remained the source from which most researchers have learned about the worldwide history
of earthquake engineering up to 1932, and it remains an essential reference work on that subject.
It was mentioned in the discussion on Riki Sano that Naito benefited from the tutoring in
earthquake engineering he received from his teacher at the University of Tokyo. Naito received
another gift from Sano, more tangible, that tells the story of Naito the practicing engineer, as
distinct from the research or academic engineer. The gift was a pocket-size slide rule, 14 cm (6
in) in length. Until slide rules were made obsolete by the advent of inexpensive hand-held
calculators in the 1970s, followed by desktop personal computers in the 1980s, slide rules, along
with drawing boards and drafting tools, were one of the few essential pieces of equipment of the
structural engineering profession. However, even as of the early years of the twentieth century,
those slide rules with their sliding calculation sleeves were about twice the length of Naito’s,
providing greater precision in reading off decimal places. Naito kept his short slide rule and used
it throughout his career, only partly out of sentimental attachment to the gift from Sano. He
explicitly stated that he did not want to be led astray by the seeming precision of calculations of
seismic forces and the structure’s resistance to them (Centennial Committee 1986, p. 6). A
practicing engineer realizes that many considerations go into a reliable structural design – and
many things can go wrong. Naito emphasized that there were great unknowns in seismic design
and that the engineer should design with that in mind. “In Japan, as in other seismic countries, it
is required by the building code [from 1924 onward] to take into account a horizontal force of at
least 0.1 of the gravity weight, acting on every part of the building. But this seismic coefficient
of 0.1 of gravity has no scientific basis either from past experience or from possible occurrence
in the future. There is no sound basis for this factor, except that the acceleration of the Kwanto
earthquake for the first strong portion as established from the seismographic records obtained at
the Tokyo Imperial University was of this order.” (Naito 1939)
Because of Naito’s influence on earthquake engineering not only in Japan but worldwide, we
must treat his seismic design philosophy in some detail. Naito was an advocate of “rigid design,”
trying to make buildings as rigid as possible and thereby have them move as one unit in an
earthquake. Sano also took that position, and after the 1923 Kanto Earthquake, the debate was
focused in exchanges of viewpoint between Sano and an engineer with an naval architecture
background, Kenzaburo Majima. “Rigid” means several things in this connection. Naito was a
strong advocate for tying all the pieces of a structure together, a principle that is a standard
seismic design precept today but was not universally appreciated in the 1920s or 1930s. Given
the fact that partitions in that era were stiff and brittle, such as hollow clay tile, making the
building more rigid meant protecting these extensive elements of the building from damage.
Another meaning of “rigid” in Naito’s thought was to use what today would be called the rigid
diaphragm assumption for reinforced concrete floors or roofs and the distribution of lateral loads
in proportion to the stiffnesses of the vertically oriented resisting elements. A reading of the
English translation of his long section in the ASCE Special Committee report (American Society
of Civil Engineers 1929) indicates that the distribution of lateral forces, rather than their overall
sum, was what he considered more important and also more difficult to calculate. His “D”
method is what engineers today easily recognize as the distribution of lateral forces to verticallyoriented resisting elements (walls, braced frames, frames) in proportion to their relative
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rigidities, which Naito states he learned from Sano (American Society of Civil Engineers 1929
vol. 4, p. 94), and which he clearly states as “when the floor is rigid, all types of framed bents
suffer equal deflections, … consequently, these bents share the lateral force in the proportion of
their rigidities.” (American Society of Civil Engineers vol. 4, p. 130). His calculation example
shows the application of an arbitrary lateral force at a story level of 100,000 pounds, which
results in varying deflections on the moment-resisting frames, some of which are in current
terminology designed to be “gravity frames” that only resist vertical gravity loads, but which still
have some lateral stiffness. He then normalizes the least rigid element’s deflection to be 1 (D =
1) so that the other elements are in a ratio to 1 and have corresponding D coefficients. According
to an accompanying paper in the ASCE report by Professor W. M. Wilson of the University of
Illinois at Urbana-Champaign, the contemporary American practice was to “consider the portion
of the shear taken by a given bent to be primarily a function of the spacing of the bents.”
The development of the lateral force coefficient and the earthquake load calculation gets more
attention in the literature of earthquake engineering history than the analysis methods dealing
with the capacity side of the equation – that is, how one designs and computes the resistances of
various structural elements reacting to the load. More challenging for the engineer of Naito’s day
than the calculation of total seismic force, in effect the base shear, or the calculation of seismic
forces at each story level, was the rational distribution of those loads through the structure. Naito
was advanced in his analysis of moment-resisting frames, walls, and other elements, considering
their relative rigidities, for the purpose of proportioning the loads and thus proportioning the
needed resistances or strengths of elements. For example, Naito’s moment frame analysis
procedure was reprinted in detail in the 1940 work by Crookes in New Zealand (Crookes 1940).
Given a reasonable approximation as to the design forces impinging on the various structural
elements, the real structural engineering challenge was to design appropriately strong and tough
construction and see that it was reliably built. Engineers could not wait until better depictions of
strong ground motion were obtained, and indeed even today engineers do not have as much
information on the shaking their structures may be subjected to as they would like.
Prior to beginning the relative rigidity calculation, the designer must first make a preliminary
design, and Naito’s guidance is to use lateral-force-resisting walls as extensively as possible
because with their great stiffness they will take most of the load, allowing the columns and
beams of the moment-resisting frames (a more recent term, with “bent” being the term used then)
to be more economically designed for their lower forces and deflections. Many of the columns
and beams might require only slight increases in strength compared to a non-seismic design.
Thus the D method properly used does not identify the least rigid elements, re-design them to be
more rigid, then iterate the calculation with their increased D values to try to equalize the loads.
Naito states that the seismic design strategy seeks to achieve three goals: strength, economy in
the use of materials, and speed of construction. In 1933, Kiyoshi Muto is credited with
development of the same-named “D Method,” a calculation approach adopted by the
Architectural Institute of Japan, and I have not found documentation explaining the precise
relationship to or difference from Naito’s method.
In effect, what happens in the calculation of distribution of lateral forces is “structural tango,”
whereby the load on an element initially has to follow the lead of the stiffness. At that point, the
engineer checks to see if that strength is adequate, and if not, the strength is increased, cutting in
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and making stiffness follow its lead, for increasing the strength will inevitably increase the
stiffness. Stiffness then dances with load, making it follow its lead. And the whole process can
be repeated to refine the design. Naito the theoretician and professor understood this analysis
problem. Naito the practicing structural engineer devised practical design methods so that this
“structural tango” dance came to a relatively quick end and allowed the building design to
proceed.
A practical designer, Naito realized that the building would have to resist gravity loads everyday
in an efficient manner, and occasionally summon the necessary resistance to an earthquake. In
the Special Committee report, he states two reasons for recommending that “rigid bracing walls
and diagonal reinforcing must be distributed symmetrically in all portions of a building with
reference to the ground plan….” One reason was so that “a certain portion of the building alone
will not be subjected to excess lateral forces,” and the other was that thereby “the ordinary dead
and live loads of the building will tend to be uniformly distributed over the foundation area and
unequal settlement of the building will be prevented.” As for the plan form of the building, his
first choice was a rectangle with resisting elements, preferably walls with embedded frames,
around the perimeter and also with interior walls or frames. Large open-plan buildings, such as
department stores, he found to present problems in providing enough resistance. He discouraged
the use of re-entrant corner layouts, such as the L-shaped plan, because “the vibrations in both
wings are often of different periods from each other; consequently, the junction of the building is
particularly susceptible to damage.” He warned against torsional imbalance in a plan, such as
when an otherwise symmetrical building had a vault constructed in one corner, around which the
structure tended to rotate when subjected to an earthquake. He had a number of practical
suggestions to structural designers for which way to orient the strong axis of steel I-section
columns if they were embedded in walls or forming freestanding bents, and how to layout the
floor girders to make their depths approximately equal, because of the architectural problem
posed where even a single deep girder causes reduced ceiling height. The appeal of his seismic
design method to practicing engineers was partly based on his advanced theoretical capability,
and partly on his real world experience in the profession of structural engineering.
As for the details of his structural design of individual members, he preferred bents with rigid
joints formed because of the use of monolithic reinforced concrete, and he advised the use of
haunches to reinforce the joint. (I have not found documentation indicating that in addition to
stiffening the frame with haunches, he also had in mind moving the region of any inelastic
behavior away from the joint as would be done today in the strong-column/weak-beam capacity
design approach). For steel frames, he did not regard the riveted connections of the day as
providing sufficient rigidity, and he advised using the concrete fireproofing to provide this
connection: “Steel reinforcing rods are inserted in the connection of column to beam, and in the
connection of beam to beam, thus providing a rigid joint after concrete of the fireproofing and
floor construction has been completed.” While Naito designed in various materials, perhaps his
favorite material was one that has remained common in Japan, steel reinforced concrete (SRC).
That term in the Japanese context does not refer to “reinforced concrete,” concrete with steel
reinforcing bars in it, but rather to a complete steel frame, usually with members fabricated from
multiple sections such as angles or channels, riveted or bolted together in Naito’s time, which
was prior to widespread welding. “This practice developed due to the fact that it was cheaper to
fabricate a built-up section than it was to utilize a solid rolled section of equal section-modulus.”
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(Otsuki 1956 p. 16-5). Then, the frame was encased in concrete, with reinforcing bars embedded
in that concrete envelope. There was less rebar than in a standard reinforced concrete design, and
less structural steel than in a pure steel frame design, making it economical in a time of low labor
cost. The combination of materials were designed as having composite action, with the
reinforced concrete material contributing significantly to the strength of the steel frame, both for
gravity and earthquake loads, and the whole construction system turned out to be economically
advantageous. Especially following the 1923 disaster, in which fire losses exceeded those
directly caused by shaking, encasing a steel frame in a fireproofing material like concrete was
necessary in any event for major buildings, aside from seismic force-resisting considerations.
While non-combustible, steel loses about half its strength when it heats to a temperature of about
600º C (1100º F), which with its high conductivity bare steel can quickly do in an ordinary
building fire, whose temperature can exceed that level. Thus the steel-reinforced concrete
construction system was popular because it integrated these non-seismic design factors into a
logical lateral-force resisting system.
Naito’s review of damage to different construction types in the 1923 Kanto Earthquake was part
of the rationale for his seismic design philosophy. He found the performance of these types of
buildings inferior: brick wall shell with steel frames, brick walls infilled after the pouring of
concrete frames; reinforced concrete frames without reinforced concrete walls. The types whose
performance he found superior were: brick walls built first, then concrete for the reinforced
concrete columns and beams poured to form a strong brick-concrete joint; reinforced concrete
buildings with reinforced concrete shear walls.
Another implication of the concept of rigidity is with regard to dynamics. Still today, the
argument goes on as to whether more flexible structures such as moment-resisting frame
buildings, with relatively long periods of vibration (low frequencies), and which deflect more,
are better suited for earthquake-prone regions than stiffer shear wall or braced frame buildings
with shorter periods of vibration, which usually fall into the area of higher response on a
response spectrum but have lesser deflections. A contemporary of Naito’s, Dr. Kenzaburo
Majima, took the “flexible” side of the “rigid vs. flexible” debate, but I have not ascertained his
rationale. That debate concerning dynamic response could really only be conducted on a firm
scientific basis much later, when strong motion records, and the response spectrum method that
made sense of them, became available. When Naito developed his seismic design philosophy, his
best estimate was that “the ordinary vibration period of a severe earthquake is from 1 to 1 1/2
seconds” (Freeman 1932 p. 711), whereas now we would bracket that more intense portion of the
spectrum as less than about 1/2 second. A peak response at a period of 1 1/2 seconds would be an
unusual response spectrum, pertaining to a site such as soft-soil areas of Mexico City. However,
given the ground motion information Naito had available, his approach is still valid and used
today, namely to consider how the period of the structure might be may to avoid coinciding with
that of the ground motion to thereby lessen response. In the Special Committee report, Naito
cites data on ambient and forced vibration tests conducted by Fusakichi Omori. Given the
estimate of Omori that the 1923 Kanto Earthquake had most of its intensity concentrated in the
region of about 1.5 seconds on the frequency spectrum, Naito’s advice to make the building
higher in frequency than that made sense. While there were no strong motion instruments,
Japanese investigators of the 1923 earthquake did make use of one ubiquitous type of
“seismometer,” namely suspended light fixtures in offices. The standard fixture was an
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incandescent light bulb with a glass bowl-shaped diffuser, forming a simple pendulum. The
scratches on ceilings or breakage upon that impact were carefully recorded. The greater response
of upper stories could be discerned from this information. The common length of these pendula
was two feet, with a period of about 1.5 seconds, and Naito found that the more rigid the
building, the less damage to the light fixtures. He also noted that post-earthquake period
measurements showed a softening of some Tokyo buildings in terms of their periods of
vibration, and given the then current view of the predominant spectral region of strong motion,
his view was that this softening made them respond even more. Today, we are more inclined to
find this lengthening of period, assuming it is accompanied by sufficient ductility, to be a
beneficial way for the structure to reduce its response.
In the 1980s new thinking, especially in New Zealand, began to emphasize the displacementbased design concept of beginning with an estimate of the structure’s displacement, then
considering how the structural elements could tolerate their imposed deformations. The school of
thought pioneered by Sano and Naito was force-based, to begin with calculated forces, then to
make the structure as stiff as possible in resisting those forces, using the elastic analysis methods
of the time. While the approach of Sano and Naito is still a viable approach for low-rise
buildings, the newer thinking directs the engineer to more explicitly consider inelastic behavior
and deflections, rather than elastic behavior and forces. With regard to the other meanings of
“rigidity” in the seismic design philosophy of Naito, namely tying the structural components
together and his method for the distribution of lateral forces to vertical elements framing into
reinforced concrete diaphragms, Naito’s approach remains beyond debate. Also still true is that if
a structure is made flexible and experiences large deflections, the built-in nonstructural
components are subjected to those distortions and damage increases. He also championed other
design concepts still considered valid today, such as providing symmetrical and well-distributed
resisting elements in plan, avoiding offsets of frames or walls in elevation, and concluding that
soft soil had higher response to an earthquake than stiffer soil or rock, though in some cases
some buildings were better off on soft soil. Soil factors for modifying seismic design forces were
to be introduced in the 1952 version of the Building Standard Law (Oohashi 1995)
To illustrate his rigid design approach Naito told his tale of two trunks. When he made his long
trip in 1917-1918 abroad, he traveled by train across the USA, accumulating books and papers
from visits as he went. To make room in his trunk, he removed interior dividers. The vibrations
of travel, combined with the removal of the trunk’s “shear walls” and “diaphragms,” led to the
trunk’s destruction. He bought a new one for his return home, left the interior dividers in it, and
it survived the steamship ride across the Pacific nicely (Centennial Committee 1986, p. 5). It has
survived to this day, because it was given by Naito to his son-in-law, Takuji Kobori, who later
donated it to Waseda University for preservation in Naito’s house.
A full-scale example of Naito’s rigid design theory is his Tokyo house, constructed in 1926 near
the Waseda University campus and still maintained by the university as a historic site. Walking
through the two-story house with third-story penthouse library, and realizing that every wall,
floor, and roof surface one looks at is made of reinforced concrete encasing a steel frame, gives
one an intuitive feel for the unusually large amount of earthquake resistance of the building in
terms of both strength and stiffness. The seismic struggle is always between the level of response
and associated forces on the one hand with how well the structure resists them on the other. In
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the case of Naito’s house, the design takes the approach of packing so much resistance into the
structure, and making structural most of what would be nonstructure in a typical house
(partitions, ceilings), that those assets will overbalance the liabilities, the resistance will win out
over even a high level of loading. While it is often said that there is no such thing as an
“earthquake proof building,” Naito’s 1926 house, or an updated version of it using today’s
reinforced concrete or reinforced masonry materials, is one feasible way to achieve that high
level of performance on the scale of small buildings.
In addition to major industrial, commercial, and other structures, Naito designed 33 tall radio
towers of steel trusswork in his career, most in the height range from 55 to 100 m. His work in
that field culminated in the Tokyo Tower in 1958, which at 333 m slightly exceeds the Eiffel
Tower in height. In his last years, he was still active, working on structural engineering aspects
of nuclear power plants, leading experimental and analytical work on a seismic design for the
Calder Hall nuclear reactor developed in England, which in 1956 was the first nuclear reactor to
produce electric power on a commercial scale and which was first imported into Japan that year.
Today, one-third of Japan’s energy needs are provided by 55 nuclear power plants. A few
countries rely as much on that power source – France, Sweden, and Belgium get more than half
their electricity from nuclear power for example – but none has so many plants located in zones
of such high seismicity. Of the approximately 100 nuclear plants in the USA, one can only
identify the sites of two or three that match the high seismicity of many Japanese plants.
As the half-century mark approached and passed, Naito the university professor went from
heading up the Waseda University engineering program to becoming the head of the entire
science and engineering division, and he also became a trustee of the university, before retiring
in 1957. When Naito began his long career as a practicing engineer, radio broadcasts did not
exist. In1925, the first of his many tall, steel, radio transmission towers was built. When he
finished graduate school in 1912, “fission” was a term limited to biology and described the
splitting of a cell, not the splitting of an atom’s nucleus. At the end of his career, he was using
the shake table at Waseda University to study the seismic design options for nuclear power
plants (Naito et al. 1958). After Naito died in 1970, George Housner (1973 p. xxxiv) noted at the
Fifth World Conference on Earthquake Engineering, “The first honorary member of our
Association [International Association for Earthquake Engineering] was Dr. Naito of Japan and
since the last Conference he has past away. I would just like to comment on the fact that he was
of an earlier generation one of the pioneers, and he was the last of that generation of men and I
think, his passing marks the end of a certain era in earthquake engineering.”

Kyoji Suyehiro
Kyoji Suyehiro (1877-1932) was another of the influential University of Tokyo graduates,
though his undergraduate (1900) and doctoral (1909) degrees were not in architectural or civil
engineering, nor in seismology, but in naval architecture. Analogous to the way structural
engineers founded laboratories and practiced in industry, for example Muto at Kajima or Sano at
Shimuzo, Suyehiro founded the Mitsubishi Research Laboratory to advance the design and
construction of ships. In 1925 he was appointed Director of the Earthquake Research Institute
that was formed that year (Suyehiro Memorial Committee 1934 p. ix). Freeman (1932, p. 18)
notes that it is not surprising that earthquake engineering could benefit from someone with a
naval architecture background, because ships more than buildings are subjected to a dynamic
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environment. While Freeman notes that the water wave action on a ship is typically rolling,
rather than jolting, he recounts how he and his chair tipped over and slid across the floor of an
ocean liner when it was slammed broadside by a large wave. That would be an extreme level of
loading in comparison with earthquake engineering, but just a service level of motion for a ship.
Suyehiro’s central mission in the field of earthquake engineering, or as he and others called it at
that time, engineering seismology, was to find “a definite measure of the character and amplitude
of earthquake motion and its period of vibration,” calculate the “stresses caused in structures by
earthquake waves,” and determine “the requirements of designs for resisting them.” (Freeman
1932b p. 5). He shifted the focus on instruments in the earthquake field to strong motion
seismology, realizing that without measurements of how the ground and structures shook in
actual earthquakes, engineers could not advance their professional work. What was needed was
an instrument whose own response was so weighted to the high frequency end of the scale of
earthquake motions that the earthquake’s own ground motions would be significantly lower in
frequency, and acceleration would be directly measured. Previously, acceleration was inferred
from seismographic instruments that were not designed for the purpose of giving engineers that
quantity of interest.
Today when civil engineering students are taught about the response spectrum in a dynamics or
an earthquake engineering course, the instructor often introduces the subject by having the class
imagine a row of inverted pendulums, sticks with a single weight at their tops of varying height
and thus varying fundamental frequencies, which have a single degree of freedom because their
deflected shape can only go back and forth on one axis. When they are attached to the same
platform and shaken at different frequencies, one could measure the maximum deflections of the
oscillators. Strong ground motion typically has more high frequency motion (“high frequency”
here meaning a frequency of approximately 2 Hz or less). Thus the higher frequency sticks
would show more response to that kind of motion than their taller peers. Plotting the maximum
deflections of the oscillators would result in a graph of response (vertical axis) versus the
spectrum of frequencies (horizontal axis). Seismic engineers today use the relatively rich
collection of strong motion data from past earthquakes and seismological theory to analytically
develop response spectra using these same principles.
What Suyehiro did, prior to the availability of any strong motion records, was to actually build a
machine that could be exposed to an earthquake’s strong motion and record the maximum
amplitudes of deflection of a set of rods – 13 to be exact – varying in their periods from 0.22 to
1.81 seconds (Suyehiro 1926). As with a faint-motion seismograph, such a strong-motion
seismograph, or direct deflection response spectrum recording device, had to contend with the
damping problem: once set in motion, oscillators keep moving and do not instantly re-set to the
zero point to be able to cleanly respond to the next input motion. Suyehiro’s instrument, the
Vibration Analyzer, seems to be the forerunner of the accelerograph that most excited John
Freeman when he visited Japan. Suyehiro had long been an advocate of the need for obtaining
strong motion records, rather than records of teleseisms. In the person of John Freeman,
Suyehiro found an energetic disciple of that cause. Relevant to the subject at hand is the
influence from Japan in motivating Freeman to tirelessly communicate with influential people,
including the President of the United States, Herbert Hoover, urging the funding for the Coast
and Geodetic Survey to invent, construct in quantity, deploy in the field, and obtain useful
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records from accelerographs after strong earthquakes. Other aspects of that story are interesting,
but cannot be covered here. See Heck et al. (1936) for further details on that story related to
earthquake engineering in the USA. Freeman was also quite impressed with the potential of
tiltmeters to provide predictive information on earthquakes, which he also learned about in
Japan, and so the Coast and Geodetic Survey program included such instruments. That line of
inquiry proved to be a dead-end as compared to the use of accelerograhs, however.
It is puzzling why the strong motion accelerograph was not first invented and deployed in Japan.
Otani (2004 p. 7) states that M. Ishimoto invented an accelerograph in 1931, but apparently it
was not installed in structures and seems to have not caught on as a trend in Japan the way the
continually growing Coast and Geodetic Survey strong motion program did in the US. Imagine
yourself seated in the audience at one of Suyehiro’s 1931 lectures, seeing all his examples of
technical advances in earthquake engineering and dynamics that had not yet been known about in
the USA. Half a dozen years previous, Suyehiro had already built and operated his Vibration
Analyzer. Would you have bet that the Americans would build a strong motion seismograph in
1932 and widely install it year by year after that, while the first Japanese model was not built and
used until a full twenty years later, in 1952? While developments in the USA are outside our
scope here, the great international influence of Japanese earthquake engineers at the time, in
particular Suyehiro and Naito, is a major part of the story of the influence of that country’s
accomplishments in the field. In the case of strong motion instrumentation and the data it
provided, the hand-off of the intellectual capital from Japan to the US helped the theoretical
aspects of earthquake engineering advance rapidly, for example in the form of the early work
done in the 1930s and 1940s at Caltech by investigators such as Maurice Biot or George
Housner, mining the raw material of an accelerogram, smelting it, and casting it into a useful
tool, the response spectrum. Without John Freeman, and without his inspiration from Japan, and
without the Coast and Geodetic Survey accelerograph, it is difficult to imagine the rise of
American earthquake engineering proceeding as rapidly as it did.
Suyehiro, like Naito, is a major part of the explanation for how Japanese earthquake engineering
up to the mid 1930s had such worldwide influence. As was the case with the popularization in
the USA of Naito’s work, John Freeman figures prominently in the spread of Suyehiro’s
earthquake engineering advances. Freeman organized and partially paid for the lecture tour of
Suyehiro in the USA in November and December of 1931, when he visited the University of
California at Berkeley, Stanford University, California Institute of Technology, and then
Freeman’s alma mater, Massachusetts Institute of Technology. Both Freeman and Suyehiro were
to pass away the following year. Judging from the series of three lectures he gave at MIT,
“Earthquake Research in Japan,” “Engineering Seismology,” and “Vibration of Buildings
Caused by Earthquakes,” (The Tech 1931), and looking at the detailed information and graphs in
his notes, Suyehiro’s lectures would today be called a short course, a condensed version of a
semester-long course.
In addition to the structural engineering developments in the narrative above, what would today
be called “lifeline engineering” had some early developments in this period. In 1919, I. Hiroi
published a paper in the journal of the College of Engineering of the University of Tokyo with a
formula which, with some revisions, is still used to quantify the force of waves: wave pressure
intensity = 1.5 water density times acceleration of gravity times height of wave. Hiroi also
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invented an instrument to make in situ measurements of wave forces, because the hydraulic
engineering problem of determining design loads was similar to the problem of determining
inertial loads in structures caused by ground motion: instruments to actually measure the
phenomenon as it was happening were needed. Because of the prevalence of tsunamis in Japan,
coastal engineering, which required structural engineering but also hydraulic engineering
expertise, was to become more closely connected with the earthquake topic than elsewhere, for
example in Japan today in the design of tsunami seawalls, tsunami gates (like flood gates) that
can be operated to protect harbor facilities, and even tsunami shelters (easily accessible towers)
as in the case of the harbor at Nishiki. In this 1900-1950 period, the primary line of defense
against tsunamis, warning and evacuation, had not yet developed.
Another major aspect of civil engineering (i.e., the design of civil engineering infrastructure
rather than buildings) is the design of bridges. With regard to earthquakes, this area seems to
have not developed greatly in the 1900-1950 period as compared to buildings in Japan, but if that
generalization is true, it merely reflects what was long true in countries such as the United States
(Penzien 2000). In geotechnical engineering, most of the earthquake engineering developments
were to come in the post-1950 period, though early on the seismic coefficient method was
applied to soils by professors S. Okabe and N. Mononobe in the 1920s (Mononobe and Matsuo
1929). Amano et al. (1956) note that H. Matsuo published an early paper on experimentally
determined earth pressures during an earthquake (Matsuo 1941). An understanding of
liquefaction was not to be obtained until the latter half of the twentieth century.

Earthquakes: 1900-1950
In this timespan in Japan, the period up to the great Kanto Earthquake of 1923 was relatively
quiet in terms of destructive earthquakes, accounting for only 220 fatalities (Dunbar et al. 2006).
Then comes the devastating 1923 event, with a fatality toll of 99,331. As noted earlier, for
consistency the earthquake statistics of Dunbar et al. (2006) are used here where available. Given
the uncertainty in determining losses for such a massive disaster, the round figure of 100,000 is
appropriate to use. In the following years up to and including 1950, there were a further 30,000
fatalities. During the first half of the twentieth century, there were fifty earthquakes of at least
magnitude 7 in or near Japan – only a third of which caused any fatalities, including the tsunami
disaster agent. Many earthquakes occur too far offshore of Japan to cause significant ground
shaking on land, or have deep focal depths that lead to a similar lack of terrestrial consequence.
Seismologists in Japan had much raw material to work with in the first decades of the twentieth
century, but the engineers had to await 1923, the earthquake that is singled out here for
examination. It was far and away the most significant earthquake of this time period in Japan, as
Tachu Naito noted (American Society of Civil Engineers 1929, vol. 4, p. 190), “since this great
experiment of Nature has been paid for at a great cost, we should study the results very carefully
and with great effort, to the end that we may obtain the maximum value from such study and also
that we may in the future make good use of the information gained.” As of a decade after its
occurrence, the definitive work on both the current state of the art and historical aspects of
earthquake engineering, John Freeman’s Earthquake Damage (1932), cites the 1923 Kanto
Earthquake more often than any other, a significant data point on the curve plotting how we have
acquired earthquake engineering knowledge from earthquakes.
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1923 Kanto Earthquake
The magnitude 7.9 Kanto Earthquake occurred at noon on September 1, 1923. Also called the
Tokyo-Yokohama Earthquake, after the metropolitan region where it did its greatest destruction,
the earthquake in fact affected a larger area of eastern Honshu, the large plain adjacent to the
Pacific Ocean called the region of Kanto (or sometimes called Kwanto in the older literature).
While the damage due to collapsing construction was significant, it was the ensuing fires that
caused the most devastation and life loss. Earthquakes cause ignitions, from tipping hibachis to
spilled chemicals to electrical short circuits, and then the response to the fires is hindered by
broken water lines, bridge and road outage, and general disruption. The obvious overall fact
concerning the earthquake is that its vast destruction – 100,000 lives lost, and assets destroyed
totaling over one fifth of the entire nation’s gross national product according to one estimate
(Okazaki 2006, p. 6) and 37.5% (of the slightly different parameter, gross domestic product) in
another estimate (Uchida 1995 p. 193), and all centered in the nation’s economic, social, and
political capital – had a long lasting effect proving the need for vigorous development and
application of earthquake engineering in Japan. It was not only the tragic absolute size of the
disaster, it was the relative scale of the event compared to the nation as a whole that made it so
significant. It was a national-scale natural disaster, unlike the regional-scale disasters that have
affected a country like the USA or any of the other countries discussed here.
For the sake of brevity, only three specific effects of the earthquake on earthquake engineering
are focused on here. It should be noted however, that such a large disaster had a variety of effects
on Japan. The report of the Imperial Earthquake Investigation Committee was comprehensive in
its scope of social, economic, and other non-engineering topics.
First, it was previously explained that Riki Sano and Tachu Naito had devised a seismic design
approach for structural engineers, and Naito had already seen some of his work, up to ten stories
in height, get built in time for the seismic test of 1923. As Otani (2000a p. 20 ) documents, the
application of a seismic coefficient to determine seismic design loads was not yet included in any
building code in Japan. Only in 1919 was the first Japanese building code of any kind instituted,
the Urban Building Law, which applied to six of the largest cities in Japan, with engineering
details following in the 1920 Building Law Enforcement Regulations. Those regulations, Otani
(2004) points out, contained no seismic regulations. They included a height limit of 100 shaku,
31 meters, or about 100 feet, for the purpose of preventing overcrowding of urban districts, not
for any reason connected with earthquakes. (Oohashi, 1995) Typically, first a country adopts one
or more building codes, then it incorporates seismic regulations into them. Thus, it is not
surprising that the first incorporation of seismic regulations into a building code in Japan was not
till June 1924, when the Urban Building Law Enforcement Regulations were revised because of
the 1923 earthquake. The 1924 regulations mandated a seismic coefficient of 0.1, or ten percent
of the mass of the building applied as an overall lateral force. Oohashi states that the reasoning
was that the actual ground acceleration in Tokyo in the 1923 earthquake was estimated to have
peaked at about 0.3 g, which could be reduced by a factor of three for design purposes because
the allowable stresses stipulated in the code worked out to be a safety factor of about three. The
1924 law did not guide engineers as to how to calculate the effects of these lateral forces, which
was accomplished by a guideline issued by the Architectural Institute of Japan (1924).
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Earlier in Italy following the 1908 Reggio-Messina Earthquake, building code seismic
regulations had been passed that provided design criteria to engineers. Now on a large urban
scale, earthquake regulations were legislated in Japan. Japan not only had a guiding structural
seismic design theory and analytical methods, developed by Sano and Naito, but it also had
earthquake regulations in its building code. This made it a very influential model. As other
countries such as India, the United States, and New Zealand were to develop seismic building
code regulations in the following years, the example of Japan was used as the basic model. The
history of earthquake engineering in a nation cannot merely be charted as a perfect correlation
with the chronology of its seismic building code regulations, but neither can such a history be
told without reference to the building code. In many cases, research by academics and innovative
practice by professionals develops advancements in seismic design and construction that are not
adopted broadly until a change in the code institutionalizes the change.
The Enforcement Regulations were revised in 1932 and 1937, including changes in allowable
stresses. In 1941, the Japan Society for Promotion of Science started research on a seismic
design method using a much higher seismic coefficient, of 0.3 to 0.4, but with design stresses set
at the yield stress level, a precursor of today’s ultimate strength method. (Oohashi 1995) The
next significant code change came with the 1948 Engineering Standard, JES-3001,which coexisted with the overall regulatory framework set up in 1924. (Otsuke 1956 p. 16-2, 16-3). The
years from 1937, the beginning of the Japan-China hostilities, and 1941-1945, the war in the
Pacific, essentially held back development of seismic code regulations as well as earthquake
engineering research. As has happened with other modernizations of the equivalent static lateral
elastic force method, as some force levels were increased along with increases of allowable
stresses for materials, the balance of loads and capacities did not greatly alter the resulting
construction details of members. However, calculated overturning effects were significantly
increased, since they are proportional to forces, not stresses. Lateral forces went up but gravity
forces stayed the same as in a previous code, so the mathematics that compared the two oppositesense moments, the gravity-induced moment and the earthquake’s lateral-force induced moment,
showed that the contest was tilting, literally, toward overturning, even though the code changes
were not intended to make foundations and other elements provide more overturning resistance.
Higher force levels could be offset or adjusted member-by-member by considering their
increased design strengths and ductilities that went along with updated codes, but that still left
the engineer with literally a bottom line calculation that showed that the bottom of the foundation
could have a tendency to uplift as the building leaned to the side under its increased design
forces. Similar issues have arisen in recent codes in various countries. The updating of seismic
codes sometimes is like revisions to a tax code. In the attempt to introduce one particular
modification, unintended results occur when actual users must apply the new provisions. As the
1900-1950 period closes, it was a time when the first generation Sano-Naito design basis of the
code was regarded by engineers as in need of a major updating, but reliable means of
accomplishing that revision were only beginning to materialize. It was at this same time in the
USA, in the late 1940s and early 1950s, that the first major advances were attempted beyond its
seismic code regulations of 1933, regulations which were in essence adapted-and-adopted from
the 1924 building code regulations from Japan.
A second significant engineering effect of the 1923 earthquake to be singled out is the founding
of the Earthquake Research Institute in 1925 at the University of Tokyo. It was noted earlier that
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Kyoji Suyehiro became its first director. The Institute, still going strong today, is cited by
Hudson (1992 p. 8) for its influential publication series, started in 1926, the Earthquake
Research Institute Bulletin. Containing both engineering and earth science information, and
published in English, it has had an international influence. The fact that the Japanese earthquake
investigators, including non-Japanese earthquake investigators in Japan such as the first
generation of foreign engineering professors at the University of Tokyo, were so communicative
with the rest of the world partly explains the broad influence of earthquake engineering in Japan.
Recall, for example, that Omori was one of the prominent seismologists of the world, not just of
Japan, active in international seismological discourse and the study of non-Japanese earthquakes.
Also recall the illustrated synopsis of earthquake studies in Japan produced in English by
Dairoku Kikuchi for presentation at the World’s Fair in St. Louis in the United States in 1904,
the article by Tachu Naito in the Bulletin of the Seismological Society of America in 1927 and the
contribution by him and other Japanese to the 1929 report of the ASCE Special Committee, or
Kyoji Suyehiro’s lecture tour to the US and Europe in 1931. In the next time period, 1950-2000,
we will see further Japanese accomplishments in the internationalization of the field: the
establishment of the ongoing series of world conferences on earthquake engineering, the
founding of the International Association of Earthquake Engineering, the continually updated
documentation of the world’s earthquake building code regulations, and the earthquake
education program of the International Institute of Seismology and Earthquake Engineering. The
government of Japan has partially or completely supported the operation of the IISEE and the
IAEE over several decades. If it is true, as Hudson stated, that compared to researchers in other
natural hazards of wind, flood, famine, and fire, “earthquake engineers were perhaps the first to
clearly recognize the value of international cooperation, and to provide the necessary
organizational framework to assist it (1998 p. II-11),” then Japan must take a great deal of credit
for that accomplishment. All of these international outreach accomplishments cited above have
come from the island nation whose role in the field has been anything but insular.
A third result of the 1923 earthquake was the boost it gave to steel reinforced concrete as
compared to traditional reinforced concrete construction and certainly with regard to
unreinforced masonry or masonry loosely connected as a shell to a steel frame. Naito noted that
the alliance of Japan in World War I on the side that the USA was on led to an increase in
importing US-style reinforced concrete construction into the Japanese design vocabulary, and as
of that era, US construction, with some California exceptions, did not incorporate engineering
methods to design earthquake-resistant buildings. (Naito 1957) Suyehiro commented (1932 p.
78) on the good performance of brick buildings owned by the Mitsubishi company, pointing out
that they were not the traditional unreinforced variety common in the USA or Europe: “the
bricks were reinforced by horizontal iron bonding and vertical rods embedded in the joints.” This
is a precocious application of the basic technique later widely used around the world to make
masonry earthquake-resistant and deserving of further research. It is also reported that the
imperial family’s palace in the Akasaka district of Tokyo was constructed with reinforced
masonry (Clancey 2006 p. 267). In the United States, except for isolated examples of reinforced
masonry used for earthquake-resistant purposes as in the post-San Francisco Earthquake
construction of the Globe Building (Tobriner, 1984), reinforced brick wall construction to resist
earthquakes dates from the 1933 Long Beach Earthquake. After the regulations that were passed
after that disaster, especially the Field Act that directly involved a centralized statewide building
code enforcement system for the governmental schools, testing was done to verify details of
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reinforced masonry that would meet the new provisions. Bolin and Maag (1952 p. 177) state that
“It is true that grouted brick masonry came into being some three or four years before the 1933
earthquake, but it was the research and testing of assemblies after 1933 that led to the present
methods of reinforced grouted brick masonry construction.” It may be that the brickwork
Suyehiro describes as reinforced was not filled cavity, grouted reinforced masonry as became the
modern trend. I have not been able to find any connection between this pre-1923 Japanese use of
reinforced masonry and the developments in California around the time of the Long Beach
Earthquake or elsewhere, but cannot rule it out. Overall, the conclusions of Japanese engineers
on the performance of buildings in the 1923 earthquake were on the path to our current thinking
on the subject. Those conclusions were a large step beyond the era of the previous fifty years
described by Clancey (2006) during which tinkering with the non-seismic construction practices
introduced from Europe and the USA was the rule rather than fundamental innovation in seismic
design.
This third result of the 1923 earthquake, boosting a trend toward use of steel reinforced concrete
designed with earthquake resistance in mind was partly based on a comparison with ordinary
reinforced concrete (RC) buildings. Aoyama (2003 p. 321) notes that the behavior of reinforced
concrete buildings in 1923 “was generally inferior to concrete-encased or brick-encased steel
buildings. This experience led to the development of composite steel and reinforced concrete
(SRC) construction for multi-story buildings. On the other hand, traditional RC construction was
limited to buildings whose height did not exceed 20 m. This limitation was continued until
1970s.”
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Table 2-2.

Chronology Tables: 1900-1950
General
Historical
Context

Earthquake
Engineering

Earthquakes

1902 Waseda University founded
1904-5 Japan wins Russo-Japanese War
1910 annexation of Korea
1912 Emperor Meiji dies and his son becomes Emperor Taisho
1926 Emperor Taisho dies and is succeeded by Emperor Showa (Hirohito)
1929 Great Depression affects Japan less than US and Europe, but Japan exports
decline by half by 1931
1931 Manchurian Incident
1937 Second Sino-Japanese War won by Japan
1941 Japan attacks American and British targets in the Pacific
1945 atomic bombing of Japan by USA, end of World War II
1947 new constitution, farm ownership trends from landlords to farmers, women given
right to vote
1949 USA releases Japan from war reparation debts
1950 Korean War starts
1950 population of Tokyo 7 million, Japan 84 million
1906 Fusakichi Omori, Tatsutaro Nakamura, Magoichi Noguchi, and Riki Sano study
San Francisco Earthquake
1916 Riki Sano’s seismic coefficient published
1923 Tachu Naito’s “Theory of Earthquake-resistant Construction
1923 good performance in Kanto Earthquake of Tachu Naito seismic designs
1924 first seismic regulations in building code in Japan
1924 Earthquake Research Institute established
1926 Third Pan-Pacific Science Congress, Tokyo
1926 Kyoji Suyehiro’s Seismic Vibration Analyzer
1927 Tachu Naito article in Bulletin of the Seismological Society of America
1929 World Congress on Engineering, Tokyo
1931 Kyoji Suyehiro US lecture tour
1931 Kiyoo Wadati relates attenuation to earthquake size, a forerunner of Richter
magnitude
1933 D Method of Kiyoshi Muto adopted by Architectural Institute of Japan
1946 first earthquake studied by Building Research Institute, Nankaido Earthquake
1948 Japanese Engineering Standard JES-3001
1923 September 1 Kanto Earthquake, 99,331 fatalities, M 7.9
1927 March 7 Tango Earthquake, 3,027 fatalities M 7
1948 June 28 Fukui Earthquake, M. 7.3
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1950-2000
Earthquake engineering grew rapidly in this period in Japan in terms of experimental and
analytical research, building and bridge seismic code provisions, analysis methods used by
practicing engineers, and large construction projects using advanced seismic designs. That would
seem to merit an especially thick section herein describing those years, but as noted earlier, it is
both more difficult to assess what has happened recently as well as perhaps less important to
preserve the history of the already copiously documented recent past. As an example, we can
easily access over the world wide web today an assistant professor’s complete curriculum vitae
and electronic copies of some of his or her papers and presentations, whereas it is difficult to
bring to light details of Tachu Naito’s career and even more difficult to do so as far back as Riki
Sano. While singling out Sano and Naito is non-controversial, there is no similar obvious list of
more recent or current Japanese engineers, and any attempt to name the top half dozen would
inevitably be arbitrary and slight those not named. Thus, this 1950-2000 time period is treated
briefly, with only some key indicators of the current state of the field highlighted to indicate how
this era compares with previous ones.

General Historical Context: 1950-2000
The beginning of this period finds Japan in a frustrating position, occupied by the victorious
Americans after World War II, just beginning the difficult process of recovering its pre-war
economic health and re-building devastated buildings and infrastructure. At the end of this period
of time, none but its elders will have first-hand knowledge of that low point in the nation’s
prospects, and instead, as of 2000, the post-war growth of Japan is a standard success story in
economics textbooks. In the first era taken up here, 1850-1900, Japan was an importer of
knowledge and technology related to the study of earthquakes, along with many other areas of
science and engineering. In this 1950-2000 period, the country became an exporter of high
technology, in the earthquake field as well as more broadly. The Japanese became accustomed in
the last half of the twentieth century to setting world records for the longest tunnel, fastest train,
longest bridge, greatest output of automobiles. In the architecture field, Japanese designers
created marvels of innovation and quality in Japan and then abroad. Judging architectural quality
is a subjective thing, so I will clearly label this as my opinion: No other country has constructed
so many highly crafted, beautiful, yet efficient large buildings as Japan has in the last few
decades – even though they face severe earthquake code requirements. Today’s architects and
builders in Japan seem to have mated the tradition of the daiku (master craftsmen), who worked
primarily with wood, making every joint an art exhibit of joinery, with steel and concrete modern
technology on a large scale. Numerous ordinary city halls, not just Tokyo’s masterpiece, not only
make striking architectural journal cover photos, they are put together carefully down to the
crafting of the granite paving details on stairways to an unusual level of quality. It is true that
there has also been a large amount of urbanization 000 period that does not rise to such
architectural heights, but the best of Japanese architecture perhaps became the best in the world
during this 1950-2000 period.
The university system in Japan was small but strategically important in the 1850-1900 period. It
had expanded to a total of 650 universities by the end of the 1950-2000 period. The large
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architecture-engineering-construction firms as well as other design firms and construction
materials industries enjoyed a prosperity that allowed for continual investment in earthquake
engineering research. The democratic governmental system of the nation showed its vitality as
power changed hands smoothly via elections, and even the generally dominant political party,
the Liberal Democratic Party (LDP), smoothly handed over the reins when briefly voted out of
office. Politically, Japan achieved what had been tenuously developed by the Taisho pre-war
period but which had subsequently slipped away. The electronics and computer industries had
their beginnings and rapid growth in this latter half of the twentieth century. Rapid rail service
tied the country together, beginning with the first Shinkansen line in 1964. Japan hosted the
Olympics that year, one of the first big opportunities for the country to showcase itself on the
international stage since World War II. The architecture of Kenzo Tange became known
worldwide as people saw his Yoyogi National Gymnasium on television and in travel posters.
And, except for the static times of the 1990s when recession and a depressed stock market
became a problem lingering on past the year 2000, the economy was thriving.
Ironically, it was another war that began to economically and politically boost Japan’s recovery
from World War II. When the Korean War began in 1950, United States policy began to look at
Japan as a key ally in the region. In addition to the economic boost from the support services and
materiel purchased in Japan by the US for the war, the long-term strength of Japan became a
central principle of US foreign policy and remains so today. The economy of Japan would have
recovered and grown without the Korean War, but that war had its upward influence.
Another war also tended to accrue to Japan’s economic benefit, although again it was only a
small reason for the growth of Japan’s economy. That war began as a surprise attack on Israel on
Yom Kippur, October 6, 1973 by Egypt and Syria, who were soon joined by Arab forces from
Jordan and Iraq, along with financial and/or military support from Saudia Arabia, Kuwait, Libya,
Pakistan, Morocco, and Tunisia, becoming a mid-east war of large regional involvement. The
USA supported Israel, while the USSR, Cuba, and Uganda supported the Arab nations, making it
an international crisis. Though the war was over in 20 days, it had an influence far beyond that
region and time, one that is relevant to the story here. OPEC, the Organization of Petroleum
Exporting Countries, launched an embargo on oil shipments to nations that did not support the
Arab side in the war against Israel. The price of oil quadrupled. The OPEC countries, the
Mideast Arab oil producers along with OPEC members Iran, Indonesia, and Venezuela,
proceeded to operate their cartel to keep the price of oil high and still do so today. While Japan
needed to import more expensive oil, producing none domestically, its population used mass
transportation more than automobiles as compared to the US, Canada, or European countries,
and the automobiles it exported were small and energy efficient. While some Japanese cars had
been exported before 1973, the number exported to the USA doubled within five years of the
1973 OPEC action. Today there is renewed concern over the availability of dwindling oil
supplies worldwide as well as availability of OPEC oil to non-OPEC countries, providing a
second wave of demand for efficient Japanese automobiles.
The Japanese electronics industry was essentially non-existent in the 1950s while European and
American products in that field were being developed, but it was a world leader by the end of the
1970s, with firms such as Sony, Sanyo, Matsushita, Sharp producing a variety of leading
products. By the 1980s, the memory chip industry was led by a Big Five of Japan – Fujitsu,
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Hitachi, NEC, Toshiba, Mitsubishi. The rise of the Japanese electronics industry occurred while
there were pre-existing industry leaders in Europe, such as Philips, and in the USA, such as IBM
and RCA, but despite the formidable competition, the Japanese succeeded (Chandler 2003).
Wealth is directly related to earthquake engineering progress, and hence this context of a rising
economic tide in Japan is relevant to our story here. Without wealth, a country struggles to
develop top quality earthquake engineering and seismic programs in its universities. Practitioners
such as design engineers and building code officials, even if aware of appropriate design levels,
are limited in what building code provisions or enforcement thereof they can implement. The
extensive Japanese government outlays in earthquake engineering, for example in constructing
by the end of the century the most advanced, and most expensive, shake table facility in the
world at Miki City, were possible because of tax revenues, and those funds in turn were only
possible because of the increasing wealth of companies and individuals. It is true that earthquake
engineering saves lives and property when an earthquake comes, but it is also true that
earthquake engineering has its cost. Wealth by itself is not enough for a country to have
successful earthquake engineering, but some minimal level of it is a prerequisite.

Earthquake Engineering: 1950-2000
With economic growth, and with its long history of earthquake engineering, the country regained
much of the ground it had lost in that field during the Second World War. By the 1970s or 1980s,
a trip to Japan to see the laboratories and construction projects and meet with Japanese experts
became as much a requirement for an earthquake engineer as it was for a scholar specializing in
classical architecture to visit Italy or Greece.
Aside from the boost earthquake engineering as well as many other science and engineering
fields benefited from as Japan’s economy thrived, there were some key earthquake engineering
trends carried over from the earlier time frame that helped the field’s success. One was the
international approach of Japanese earthquake engineers. Naito and Suyehiro were the key
engineering ambassadors of the Japanese in the earthquake field in the 1900-1950 period.
Individuals such as Kiyoshi Muto, deeply involved in the field in the first half of the twentieth
century but younger than those two, were to carry on that tradition in the latter half of it. All of
the individuals who play prominent roles in the narrative to this point—such as Milne, Sekiya,
Omori, Imamura, Sano, Naito, Suyehiro—were born in the nineteenth century. Muto and his
peers, and the generation that has followed Muto, are completely of the twentieth. See the Life
Span Chart (Figure 5-1) at the end of this chapter for a graphic depiction of the generations of
earthquake engineering in Japan.

Kiyoshi Muto
Kiyoshi Muto (1903-1989) received his University of Tokyo undergraduate degree in 1925 in
architectural engineering shortly after the 1923 Kanto Earthquake. The earthquake focused his
undergraduate, then his graduate studies there (doctoral degree 1931) on earthquake engineering.
He was out of town when the great earthquake occurred, and he later recalled his first deeply felt
experience of the destruction when he returned, seeing such vast areas of Tokyo knocked flat or
burned into rubble. By 1935 the mantle of chief structural engineering professor at the university
had passed to Muto from his father-in-law, Riki Sano, and Muto held it until his retirement from
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the university in 1963. Muto was the central mast, the shinbashira, in the three decades he
headed up the structural engineering and earthquake engineering program at the University of
Tokyo, and later as well.
An early accomplishment of Muto’s was his “D method” for simplifying the lateral force
calculations needed to carry out the analyses needed in application of Sano’s and Naito’s seismic
coefficient approach. His method was adopted in 1933 as the Calculation Standard of the
Architectural Institute of Japan. The same structural engineering fact pertained to Muto’s work
as to Naito’s: devising ways to rationally distribute seismic loads among the structural elements
was more difficult than calculating the overall seismic loading on the structure. As a designer as
well as professor, Muto also realized that once forces on a given member were approximated
(though the forces could change in iterations of designing strengths and stiffnesses to resist the
forces, thereby affecting the forces) the major task ensued of designing earthquake-resistant
details. The end product of analysis is numbers, and numbers can check the validity of a design
but are not a substitute for one. The end product of design is the set of blueprints (that is, the
construction documents, including drawings, notes, and specifications) that let a builder proceed
with construction. Muto the practicing engineer always kept that end goal in mind. When Muto
retired from the university in 1963, having been dean of engineering for several years, he became
a Kajima Corporation executive and established the Muto Institute of Structural Mechanics there
(Aoyama 2005). The fact that the larger architecture-engineering-construction firms in Japan
combine the three roles in that hyphenated adjective and have responsibility for them all may
tend to enforce a connection between theory and analysis, on the one hand, and design and
construction methods, on the other.
Muto was both a conveyor of the first generation of Sano-Naito era of accomplishments and an
innovator and leader in the second generation of Japanese earthquake engineering. In the former
instance, he helped implement the equivalent lateral force method of Sano and Naito as put into
place in the 1924 Building Law Enforcement Regulations with his D method of load
apportionment. In the latter regard, he became convinced that it was necessary to consider both a
relatively frequent, moderate level of shaking and its effects on the structure, as well as a rare,
severe level of shaking. Previously, one level of design forces was calculated and the design
proceeded from there. With regard to the more severe level of shaking he was an early advocate
of elasto-plastic design, rather than the previous elastic basis for design.
Penzien (2004 p. 32) recounts that by the time of the Second World Conference on Earthquake
Engineering, held in Tokyo in 1960, the “hot topic” was elasto-plastic response of structures in
earthquakes, with leading experts of the day such as Nathan Newmark, Glen Berg, and Andy
Veletsos from the USA all focused on it, simultaneously with Muto and others in Japan. Penzien
comments that “It could have been called the International Conference on Elasto-Plastic
Response.”
Today we number the world conferences from the first one held in 1956 in Berkeley, held on the
50th anniversary of the 1906 San Francisco Earthquake, but we forget that “First” was not in the
title of that initial event. It was Muto who was determined to establish an ongoing worldwide
series of conferences, both by naming the conference held in Tokyo and Kyoto in 1960 the
Second World Conference on Earthquake Engineering and in also being the lead person soon
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thereafter to establish as founding president the International Association of Earthquake
Engineering. According to Housner (1984 p. 41), “…Dr. Muto is the father of IAEE.” It is
perhaps a bit of an overstatement to say that “the history of the nine World Conferences [that
were held as of 1988] is in fact the history of earthquake engineering itself” (Hudson 1988 p. II3). Nonetheless, the conferences have been very important. The International Association for
Earthquake Engineering to this day has as its prime function ensuring that a city and a national
earthquake engineering society that are to organize the conference are chosen in advance to
continue the events on a schedule of approximately every four years. In this regard, the IAEE is
somewhat akin to the International Olympic Committee, but of course on a tiny scale compared
to the Olympics. The IAEE also has a less grandiose and less control-oriented mission statement
than the lead sentence of that of the International Olympic Committee: “The International
Olympic Committee is the supreme authority of the Olympic Movement.” The earthquake
engineering field knows no “supreme authority” other than that of the earthquakes themselves,
which are the ultimate judges of validity.
The International Association of Earthquake Engineering also publishes at intervals the
international compilation of earthquake code regulations (International Association for
Earthquake Engineering 2004, 2000, 1996, 1992, 1980a, 1980b, 1976, 1973, 1966, 1963 1960).
Kazuo (John) Minami (1907-1984) was the IAEE Secretary from 1963-1977. Minami had earlier
spent some time at MIT where he authored the earthquake chapter in one of the earliest texts on
dynamics for structural engineers, Structural Design for Dynamic Loads (Norris et al. 1959).
Minami was the English-fluent lecturer on earthquake engineering in the short course MIT held
that was the forerunner to the book, another case of a key Japanese person helping to
internationalize the field. In 1972, the Association began to produce the Journal of Earthquake
Engineering and Structural Dynamics and have it published by John Wiley & Sons, which
continues as a standard periodical in the field to this day. At the time, and still today, the first
major earthquake publication in the USA, the Bulletin of the Seismological Society of America,
had trended more and more toward seismology, rather than engineering, and the Journal of
Earthquake Engineering and Structural Dynamics gave the engineers a forum of their own.
It is instructive to read the one-volume proceedings of the first of the world conferences
(Earthquake Engineering Research Institute 1956). Twelve of the forty papers were authored by
Japanese earthquake engineers. The conference was a world conference, but it was also an
opportunity for American engineers organizing the conference to re-acquaint themselves with
what was being done in Japan. It had been a full fifteen years since World War II started, when
information transfer between the two countries had ceased. The conference organizers made an
effort to identify leading Japanese practitioners and researchers and obtain travel funding for
their participation (Steinbrugge 1976).
Aoyama (2005 p. 51) summarizes Muto’s 1940s-onward research and practice interests.
Muto was firmly convinced, through his early study of structural vibration and
study on blast resistant design during World War II, that earthquake resistant
design of structures, particularly of high-rise buildings, would have to be based on
their dynamic behavior in the elasto-plastic range. Based upon his foresight for
the need of three elements, i.e. earthquake ground motions records, load92

deformation relationship of structures and structural elements, and nonlinear
earthquake response analysis method, he endeavored to develop, and installed in
the University of Tokyo, a strong motion accelerograph SMAC (1952), a largescale structural testing machine (1959), and an analog computer SERAC (1961).
The reference to blast-resistant design reminds us that the Second World War caused heavy
funding of engineering and science topics that had spinoffs in fields such as earthquake
engineering. Blast engineering, because of its structural, geotechnical, and dynamics aspects that
it shares with earthquake engineering, is a case in point. Previously mentioned was the fact that
post-war (Cold War) research in the US was a large enterprise but was not in Japan, and thus the
the spin-offs to earthquake engineering from military research was much greater in the United
States.
SERAC, also mentioned above by Aoyama, was the Strong Earthquake Response Analysis
Computer built at the University of Tokyo, an “electric analog computer capable of calculating
the elasto-plastic response of up to a five-mass spring system. This analog computer was
replaced as the result of the development of digital computers approximately five years later
(Otani 2004 p. 9).” Even where basic theory already existed, computers were to make the
application of calculation-intensive analyses feasible for the first time in the 1960s. Ray Clough,
for example, one of the co-inventors of the Finite Element Method in 1953, wrote five years later
(1958 p. 1636-1) that “with a few important exceptions, the application of electronic computers
in the design and analysis of civil engineering structures has been very limited to date.” The
Finite Element Method in particular was an analysis method whose intellectual elegance and
sophistication was ahead of the calculating machine capabilities of the day. SERAC is a good
example of a development that comes at the early stage of the computer revolution, and unlike
general purpose computers adapted to run earthquake engineering programs, the University of
Tokyo invested in SERAC specifically for earthquake engineering.
Because computer capability is so easy to obtain today, a quick review of the historical context is
useful to point out how difficult it was to acquire that resource in a previous time. In the 1940s
and 1950s, computers were largely inaccessible to the earthquake engineering field, with large,
heavy, machines of great expense prioritized for tasks such as cracking wartime codes or for the
use of the aerospace industry. For example, the ENIAC computer in the USA, whose
construction began in 1943, was a one-of-a-kind device, a 30-meter-long array of components,
and it weighed 27 metric tons – not exactly a “desktop” computer unless you have a very large
and very sturdy desk. Notable “firsts” were achieved in the 1950s, but those computer inventions
had yet to trickle down to the earthquake engineering field. The 1960s were to be the decade
when more powerful computers arrived and some engineers at universities had access to them.
Generally the user’s input was comprised of decks of IBM punch cards, and one run or analysis,
from generating the cards to waiting at a central data processing facility for print out results,
could be a matter of an hour or several hours. Problems routinely solved in seconds on a desktop
or laptop computer today could take overnight to solve, if one had access to that much computer
time. That process remained true through the 1970s. Perhaps as significant as the computational
power then as compared to today was the disconnect between the engineer’s analysis input they
wanted the computer to solve and results they could think about and proceed to another iteration
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to further investigate. The “desktop” computer is not only small enough to fit on a person’s desk
– it is a tool that one person can use to get rapid feedback.
The integrated circuit was invented in 1958 but only in the 1970s made its way into commercial
computer products. During the 1960s and 1970s the practicing engineer began and quickly
accomplished the transition from slide rules to calculating machines. Those machines were not
yet true computers but basically electric and improved versions of earlier mechanical handcrank
devices, and they were still mostly limited to addition, subtraction, multiplication, and division.
In the 1970s, the digital computer became widely accessible with greater speed and memory,
with microprocessors dating from 1971, and with software now a rapidly developing industry.
The extinction of the slide rule occurred in this decade. In 1976 hand-held calculators with LCD
screens (which were previously LED) and features such as trigonometric functions and better
batteries such as are used today were inexpensive enough for even students to buy. In 1981 the
first mass produced personal or desktop computers were on the market. The early IBM models
had 16kB of RAM that was expandable at extra cost to 256kB RAM, and a removable 5 1/4 in
diameter “floppy” disk holding 160 kB.
The reference to high-rise buildings above by Aoyama recalls the fact that it was Muto was
asked by the Ministry of Construction to form a special review committee for building code
approvals of tall buildings, which he did in 1964. That same basic special review process for tall
buildings is still used throughout Japan today, an interesting case where a committee of
academics, practicing engineers, members of construction firms with large project experience, as
well as government employees essentially sit in judgment on the building permit applications of
many building projects. In most other countries, such a system is either absent or used on a more
limited scale.
That the leading earthquake engineering practitioner role in Japan was played by Muto in the
1960s as Naito was passing from the scene is evidenced by the fact that Muto was the lead
designer at Kajima of the first building in Japan allowed to exceed 100 feet in height. The height
limit was a city planning height limit in Tokyo that went back to the first decades of the
twentieth century and that was eliminated in 1963. This was very similar to the early twentieth
century zoning code height limit of 13 stories in Los Angeles, later translated into the seismic
code as 160 feet, and which required overhaul of the Structural Engineers Association of
California seismic recommendations and the building code when the Los Angeles zoning code
height limit was repealed in the 1950s. Completed in 1968, the Kasumigaseki Building in Tokyo
was 36 stories or 143 meters tall, whereas the previous height limit was 31 meters The building
employed Muto slitted shear walls designed to stiffen the building under light lateral loading and
dissipate energy under heavier loading in a large earthquake. It was also innovative in using
inter-story drift as a design criterion. Muto subsequently guided Kajima’s work in designing
other high-rises. Today, 36-story buildings in Tokyo are as common as two-meter-tall men on a
professional basketball team, but the Kasumigaseki Building was a first in Japan. At the time, the
44-story Torre Latinoamericana, completed in 1956 in Mexico City, was the tallest building in a
city of high seismic hazard. In California, also in the 1960s as in Tokyo, tall buildings began to
appear, the tallest of which was the Bank of America Building (52 stories), completed in San
Francisco in 1969. One of the first high-rises in California, the Wells Fargo Building in San
Francisco completed in 1967, had 43 stories and its design took advantage of some of the first
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computer programs structural engineers had for multi-story seismic analysis, which were then
just becoming available (Nicoletti 2006 p. 25). Muto’s enlightened recognition of the need for
structural engineers to continually take advantage of developments in computers would be one of
the key characteristics of modern earthquake engineering. Currently, the tallest building in Japan
is the 70-story Yokohama Landmark Tower completed in 1993, twice the height of the
Kasumigaseki Building. But in a sense, the earthquake engineering challenges accomplished in
the 1968 project were greater than those dealt with 25 years later, if only because of the
subsequent rapid rise of computerized analysis of structures, along with much more data on both
structural systems and earthquake ground motions.
Other earthquake engineers in Japan in this 1950-2000 period could be cited for their
achievements in addition to Muto, it is difficult to give credit where credit is due without leaving
out many worthy of mention, so I limit myself to the one most obvious exemplar of the period.
Next we discuss a variety of topics prominent in the history of earthquake engineering in the
latter half of the twentieth century.

Building Research Institute
The Building Research Institute is responsible for a variety of research, earthquakes being only
one of its theme areas. Fire protection, for example is a major research program. Discussed here
are only its earthquake engineering activities. The Building Research Institute (BRI) was
established in Tokyo in 1946 as part of the War Damage Rehabilitation Board, but its rise in the
earthquake engineering field began to accelerate in 1948 when it was made part of the Ministry
of Construction and even more so when in 1979 it occupied a new headquarters and laboratory
facilities at the new science city, Tsukuba. The Large Size Structural Laboratory was in use in
1976, featuring a reaction wall test set-up capable of subjecting a seven-story full-scale building
to lateral deformations, as demonstrated beginning in 1979 with the testing at Tsukuba carried
out under the US-Japan Cooperative Research Program Utilizing Large-Scale Test Facilities. For
the last quarter of the twentieth century, the top ten list of large, precise earthquake shake table
simulators in the world has been dominated by government as well as private industry facilities
in Japan. The Building Research Institute and other Ministry of Construction earthquake research
programs at Tsukuba developed experimental programs that rapidly put Japan back in the
forefront of countries doing advanced earthquake engineering experimental research, after the
hiatus of the Second World War and recovery years. In one tabulation (EERI 1995), there were
five major shake tables in the USA and twelve in Japan. One of the first large tables was
Building Research Institute apparatus at Tsukuba in 1970, a large table 15 m by 15 m; a nuclear
industry facility in Shokoku installed a decade later was as impressive (Mosaic 1977); and the
major architecture and engineering firms installed their own large tables at their own
laboratories. Although organized under a different governmental structure than the Building
Research Institute, the current NIED E-Defense facility in Miki City near Kobe, in operation
since 2005, should be mentioned here as a progression of the development of large shake tables
in Japan. Today, the E-Defense simulator is the world’s premier shake table facility for
earthquake engineering research.
The Building Research Institute also established a strong-motion program and in addition did
research to validate and update seismic code regulations, It also has fielded earthquake
investigation teams, beginning with the study of the Nankaido Earthquake (M 8.2) in December
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of 1946, and then the magnitude 7.1 June 28 1948 Fukui Earthquake. This extended the tradition
since the pre-1900 days of the Imperial Earthquake Investigation Committee, a more extensive
continuum of earthquake investigations than in any other country. The Fukui Earthquake was
notable for major damage to some large, modern construction, and like the 1995 Kobe
Earthquake had a death toll over 5,000 and also resulted in a major revision of the building code.
Over the years, the Building Research Institute has conducted a large proportion of the research,
particularly experimental research, in Japan on seismic design. Along with the PWRI discussed
below, BRI led a five-year research effort partly motivated by damage in the 1971 San Fernando
Earthquake in Los Angeles to develop new seismic design and construction methods.
Universities and private firms were involved in the program. This stands out as a distinguishing
mark of Japan’s overall earthquake engineering research effort. In the USA, for example, the
comparable agency, the National Bureau of Standards, which is now re-named the National
Institute of Standards and Technology, has never had such a large budget nor such a prominent
role in the nation’s earthquake engineering research activities (although as of this writing NIST
has been made lead agency for the National Earthquake Hazards Reduction Program). Separately
discussed below is the International Institute of Seismology and Earthquake Engineering, which
is an administrative unit of BRI.

Public Works Research Institute
With regard to bridges rather than buildings, a different national Japanese agency conducts
earthquake research and proposes revisions to design standards. The Public Works Research
Institute also relocated to new facilities at Tsukuba in 1979. In addition to bridges, geotechnical
earthquake engineering research carried out by PWRI, such as shake table experiments relating
to liquefaction. It is also involved with hydraulic engineering. In the terminology used in the US,
PWRI concerns itself with civil engineering works, or infrastructure, as compared to the
architectural or building design subject for which BRI is responsible. With respect to both the
Building Research Institute and Public Works Research Institute, earthquakes are only a small
part of their charge. PWRI also conducts research on roads and pavement, for example, and the
forerunner of the current agency, which goes back to 1921, is the Road Materials Testing
Department of the Ministry of Internal Affairs. Today, both BRI and PWRI have evolved from
being part of the Ministry of Construction to what are known as Independent Administrative
Institutions. This provides the institutes with more control over how their budgets are spent, but
also more responsibility to obtain their funding from various sources and has been accompanied
by a general downtrend in the amount of seismic research they conduct.
As with BRI, PWRI is an example of a national agency in Japan that has a leading role in
conducting seismic research. While important work on bridge engineering has also been done by
universities and by the larger architecture-engineering-construction firms, the proportion
conducted by PWRI is quite high in comparison with other countries. In New Zealand, for
example the Ministry of Works has played a leading role in the research on seismic standards for
bridges, but so have university researchers, and in the United States, the federal and California
highway agencies, the Federal Highway Administration and the California Department of
Transportation (Caltrans), have been the primary funding sources for seismic research on
bridges, but the research itself has been almost exclusively carried out in university laboratories,
not in federal or state agency research facilities.
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Other developments with regard to civil engineering works, in addition to PWRI research, can be
mentioned here. In 1954, S. Okamoto published a book in Japanese on the Antiseismic Design of
Civil Engineering Structures, and updated treatises on the same subject were produced by
Keizaburo Kubo in 1981 in Japanese, Earthquakes and Civil Engineering Structures, and by the
Japan Society of Civil Engineers in 1988, Earthquake-Resistant Design for Civil Engineering
Structures (in English). The biggest single set of earthquake data on infrastructure such as ports,
roads and bridges, pipelines, and electrical systems was to come in 1995 when the Great Hanshin
Earthquake occurred.

International Institute of Seismology and Earthquake Engineering
The International Institute of Seismology and Earthquake Engineering is a remarkably long-lived
and influential educational program. Established in 1962 within the Building Research Institute,
as an outgrowth of courses for international students started in 1960 at the Institute of Industrial
Science of the University of Tokyo, in 1963 the Institute had initiated courses in its two subject
areas, seismology and earthquake engineering. For nine years, it was funded by the United
Nations Educational, Scientific, and Cultural Organization (UNESCO), then in 1972 that funding
ceased and since then has come only from the international development or foreign aid fund of
Japan (Yamanouchi 2003 p. S1). By now, 1,250 individuals have taken either the engineering or
seismology courses, from 94 different nations (International Institute of Seismology and
Earthquake Engineering 2005). Notable instructors from Japan and many other countries have
provided the faculty expertise, and graduates now hold positions as experts in their own right in
the field (Fukuta 2005a). The year-long courses of study, one for seismologists and one for
engineers, has at present developed into an official master’s degree program. The Institute’s
program over the past forty years represents a great accomplishment in the worldwide sharing of
earthquake know-how. It has also tended to be a beneficial entrée for Japan into developing
nations with regard to construction and other projects.

Professional Associations
As mentioned previously, the larger Japanese architecture-engineering-construction firms, as
well as construction materials firms and industries, conduct earthquake engineering research on a
scale beyond anything done in the private sector in other countries. Other seismic development
work outside of government agencies is carried on by professional organizations that tend to
spread innovations across the field. By the end of this time period of 1950 to 2000, the
Architectural Institute of Japan, a small organization when founded in 1886, had attained a
membership total of 38,000, many of whom are faculty, and an annual budget of approximately
US $20,000,000. AIJ committees steadily produced reports on steel, concrete, and other forms of
construction along with specific documents on seismic design or on particular earthquakes. The
Institute has also served a quasi-official role in providing standardized guidance for use of the
governmental Building Standard Law. With regard to steel reinforced concrete, the first
standardized guidance to structural engineers on the details of design with regard to earthquake
and other loads was produced by the Institute in 1951, revised significantly in a new edition in
1975 because of the Tokachi-Oki Earthquake, and updated in 1987 to be compatible with other
building code changes (Architectural Institute of Japan 1987 p. 104).
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The Japan Society of Civil Engineers is another long-standing organization with a large
membership that regularly produces seismic design recommendations. The Japan Civil
Engineering Consultants Association was established in 1963 to represent the interests of civil
engineers providing only engineering services, as distinct from combined design-andconstruction firms, and is focused on professional issues rather than research. In 1981 the Japan
Structural Consultants Association was established for a similar purpose for the practicing
structural engineers. The Building Contractors Society of Japan represents the larger construction
firms, and has funded earthquake research. The Building Center of Japan, established in 1965, is
a non-governmental organization but wields significant influence as a quasi-building-code
agency in its evaluation of new construction technologies and recommendations for how they
should be regulated in the Building Standard Law.
The dividing lines among disciplines in Japan tend to be firmly set, for example between the
education and practice of engineering applied to buildings as distinct from bridges, even if
similar structural engineering knowledge is involved in both fields. In 2001, the Japan
Association for Earthquake Engineering was established with a more multi-disciplinary mission,
to bring together different backgrounds of earthquake engineering researchers and practitioners.

Construction Trends
The “big five” architecture-engineering-construction firms were previously mentioned: Kajima,
Obayashi, Shimizu, Taisei, and Takenaka. They all thrived in the 1950-2000 period, though
times were difficult during the long recession beginning in 1989, when both real estate and stock
prices dived, bad debts accumulated on the balance sheets of banks, and unemployment went up.
Firms such as these exported their ability to accomplish mega-projects, and some large public
works construction programs continued in Japan during the depressed construction economy.
Prominent projects included Seikan Tunnel (1988), Tokyo City Hall (1991), Yokohama
Landmark Tower (1993), Kansai Airport (1994), Osaka Dome (1997), and Akashi Kaikyo
Bridge (1998), to name a few. Almost all of Japan’s currently operating 53 nuclear power plants
were built in the 1970s, 1980s, and 1990s. Ports in Japan, which handle the vast majority of
import-export transportation in the country, have been continually enlarged and modernized,
requiring the engineering of everything from artificial islands to massive crane facilities to
bridges and buildings. As with the architecture-engineering-construction field, a ”big five” list of
ports can be named: Kobe, Nagoya, Osaka, Tokyo, and Yokohama.
Japan, as do all industrialized countries, uses the full range of various structural materials – steel,
timber, masonry, concrete -- in its construction, but perhaps it has most specialized in reinforced
concrete varieties in its earthquake-resistant building construction. Following the 1923
earthquake, there was a preference for steel reinforced concrete over ordinary reinforced
concrete, and previously noted under the discussion of that earthquake was that a 20 m height
limit was set for the latter. This limit continued until an 18-story purely reinforced concrete
building was permitted to be constructed by Kajima Construction Co. in 1974. Today reinforced
concrete and steel reinforced concrete buildings are both common in Japan. Modeling of
reinforced concrete frames has been commonly done according to the Takeda Model, developed
by Toshikazu Takeda at the University of Illinois when he worked at the University of Illinois as
a visiting scholar with Professor Mete Sozen, in doing the first series of shake table tests with the
apparatus installed there in 1968. Another influential Japanese structural engineer, Shunsuke
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Otani, was also at Illinois then, having studied at the University of Tokyo as an undergraduate
and graduate student under the mentorship of Hiroyuki Aoyama and Hajime Umemura. At
Illinois, with Mete Sozen as PhD supervisor, Otani conducted “the first multi-degree of freedom
test of a reinforced concrete frame on the Illinois shaking table. I believe this was the first such
test ever conducted anywhere in the world…. (Wight 2003 p. 9). Norby Nielsen, later to be a
professor at the University of Hawaii, was then on the Illinois faculty and involved in this
research, at a time when Nathan Newmark led the civil engineering department. While all of this
work was devoted to earthquake engineering, that research and education program on the
dynamics of earthquake design developed out of a forte the University of Illinois at UrbanaChampaign already had that was developed by Nathan Newmark – the structural dynamics of
how construction responded to explosions. Just after World War II, the Massachusetts Institute
of Technology was the other academic center of structural dynamics in the US. Cold War
military funding in the USA and USSR was very large; it was very small or non-existent in
Japan, and hence defense research was not a boost to the earthquake engineering field in Japan.
Over the years, significant differences arose in the way the seismic provisions of building codes
treated reinforced concrete frames, and a major international research project was launched
among Japan, New Zealand, and the United States to make experimental comparisons. While
natural scientists often mount international research projects to study subjects such as the ocean
or atmosphere, or collaborate on nuclear physics, this is quite unusual on any comparable scale
in the earthquake engineering field. A notable exception was the Tri-Lateral Program, named
after the above-cited three nations, described by Park and Paulay (2006 p. 38-40).
As of the end of the twentieth century, Japanese research on reinforced concrete may be said to
have entered a third phase, following the post-1923 emphasis on steel reinforced concrete and
the 1960s development of reinforced concrete frames for high-rise buildings. Currently,
prestressing techniques are found to be of promise for earthquake engineering applications and
are widely used. While a conventionally reinforced concrete structure that must respond
inelastically in a large earthquake may have damage that is expensive to repair, especially if
there is permanent drift, prestressing schemes have the potential to restore the structure to its
original position and allow for non-destructive column-to-base or column-to-beam rotations.
Because earthquakes breed earthquakes, that is an earthquake of significant size (unless it has a
very deep focal depth) is followed by aftershocks, the ability to restore a structure to its preearthquake geometry, ready to respond to another event, is very desirable. This particular
prestressed concrete technique is related to a pattern in the development of earthquake
engineering in many countries. First, preventing collapse or partial collapse is the preoccupying
goal. As that is attained, at least by the construction built to recent building code requirements,
the more ambitious goal of also preventing costly or disruptive damage and controlling
nonstructural as well as structural is sought. It would be surprising if it were otherwise, because
rising expectations are commonplace in other fields.

Advanced Seismic Technologies and Products
The development of seismic isolation is a topic that can only be briefly covered. The key points
relevant here are that this design approach and the implementing technology originated in New
Zealand, not Japan, in the 1970s, yet has been most fully developed since then in Japan. See for
example the early work by Ivan Skinner et al. (1975) on New Zealand developments. Professor
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James Kelley of the University of California at Berkeley then moved the innovation from its
initial invention to refinements and verifications of the concept that allowed commercialization
of reliable products (Kelley 1986), while similar work was being accomplished by Bill Robinson
in New Zealand. As of 1990, there were at least 100 seismically isolated structures in the world
(Buckle and Mayes 1990 p. 167). Of those, 29 were in Japan, almost all constructed in the short
span of 1986-1989 (Buckle and Mayes 1990 p. 167, Table 5). As of then, there were about the
same number finished or under construction in the US (15). In New Zealand there were only
three isolated buildings but over 30 isolated bridges. As of 1997, the number of isolated
buildings in Japan had climbed to 427, with 226 building permits issued in 1996 alone (Miyazaki
and Saiki 1997). As of the end of the century, there were over 1,000 seismically isolated
buildings in Japan (Okamoto et al. 2002 p. 53), over half the world’s total. What accounts for the
rapid adoption of this new technology in Japan? According to Kelley (1998):
The expenditure for research and development in engineering is high with a
significant amount designated specifically for base isolation; the large
construction companies aggressively market the technology; the approval process
for constructing a base-isolated building is a straightforward and standardized
process; and the high seismicity of Japan encourages the Japanese to favor the
long-term benefits of life safety and building life-cycle costs when making
seismic design decisions.
Kelley notes that another factor was the January 17, 1995 Great Hanshin or Kobe Earthquake,
because seismically isolated structures had been constructed by then, with the most prominent
case being the West Japan Postal Computer Center. The ground motion acceleration under the
isolators of that building peaked at 0.41 g, while above the isolators the comparable figure at the
sixth floor was reduced to 0.13 g, inverting the usual relationship of increasing acceleration with
height. As with the full-scale, actual-earthquake successful test of Tachu Naito’s buildings
designed with the seismic coefficient method in the 1923 Kanto Earthquake, the 1995 Kobe
Earthquake presented a convincing lesson that boosted the adoption of seismic isolation.
The acceptance of any innovation entails some risks. In Japan, the risks in the earthquake
engineering field are the usual ones: risk of failure in the literal sense of the structural failure of
the construction, along with failure in the sense of loss of reputation or personal disappointment
of the engineers involved. However, one risk, the risk of huge lawsuit judgments, does not exist
to the degree it does in the United States. As a comparable statistic, Japan has 15,000 lawyers,
the United States has 950,000. In other words, per capita, the United States has one lawyer for
every 8,500 people, while Japan has one lawyer for every 300, a proportion 27 times smaller.
California by itself (about 10% of the US population) has more lawyers than any nation in the
world, other than the US itself. The Association of Trial Lawyers of America, who represent the
type of lawyers who usually represent clients in bringing law suits to court, changed its name in
2006 to American Association for Justice as a public relations measure to try to counteract the
negative opinion of their profession. An indicator of the liability faced by companies is the $2.9
million judgment a jury awarded in 1992 to a woman who spilled hot coffee from a McDonald’s
restaurant on herself as she was trying to take off the plastic lid while holding the coffee cup
between her legs, resulting in burns from the hot liquid. The judge reduced the judgment to a
“mere” $640,000. Translated into the earthquake engineering arena, one can easily imagine the
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risk exposure if a seismic technology can be plausibly argued in an American court to have led to
any injury or loss – and the argument need only be plausible to a dozen randomly selected
citizens, not to experts. In Japan, this barrier to innovation and earthquake loss reduction through
introduction of seismic protection technologies is by comparison much less.
Active structural control technology is another example of how rapidly seismic technologies
progress from the “drawing board” to laboratory testing and thence into practice in Japan. As
design and construction firms compete for major projects such as corporate headquarters or
luxury hotels, a new seismic technology is seen as a way to gain a marketing edge, and structural
control has benefited from that trend in Japan. Structural control had been a research concept in
previous years, and passive devices such as dampers were gradually introduced in several
countries to reduce earthquake response, but in Japan active structural control – generating
opposite inertial forces almost instantly to counteract the earthquake-induced forces, or to rapidly
change stiffness or damping – began to be implemented in the 1980s. The first actual seismic
application of an active mass driver was accomplished in 1989 by Takuji Kobori and colleagues
at the Kajima Corporation in the Kyobashi Seiwa Building (Kobori 1994). In that initial
application, the intended role was to reduce bothersome wind-induced vibrations as well as those
in moderate earthquake shaking, but not to play the major role in reducing response in a severe
earthquake as is the case with seismic isolation. The International Association for Structural
Control was established in 1994, headed by Professor Takuji Kobori of Kyoto University in
Japan and Professor George Housner of the California Institute of Technology in the United
States. To date, the active control application seems to still be rare and limited to this modest
seismic role, while isolation is becoming increasingly commonplace. The first active control
seismic application to bridges was also in Japan, in its use in the Rainbow Bridge in Tokyo, and
again, the intended seismic-load-reducing role is more modest than in the case of isolation.
Active control is one of the boldest innovations to have ever been proposed in earthquake
engineering. If the ideal accomplishment of seismology would be earthquake prediction, then the
comparable accomplishment in earthquake engineering would be the complete negation of
ground shaking effects on a structure.

Earthquake Loss Estimation
This large field can only be mentioned in passing here, in the context of the major role Japan has
played in its development, especially in the actual application of large-scale earthquake scenarios
to urban design and emergency planning. Earthquake loss estimates in Japan tend to be focused
on life safety and emergency response and recovery issues, rather than estimating property loss.
The 1991 Tokyo Metropolitan Government study, Survey of Earthquake Damage Assessment,
for example, is quite detailed in terms of its geographic scale and estimated earthquake effects.
While Tokyo is a huge city, it has 23 ku or wards, and for each of these relatively small-sized
districts detailed post-earthquake estimates are produced for the number of days without
telephone, gas, water, electricity, and other services.
Two regions of Japan in particular have been the test beds for inventory data collection, to
categorize buildings and other facilities on a detailed neighborhood scale, in combination with
ground shaking maps to produce estimated losses. In Tokyo, a recurrence of the 1923 Kanto
Earthquake has been the obvious scenario earthquake. That potential earthquake, while very
large, has an offshore source, and in the 1980s earthquake loss estimate studies were also
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mounted to consider the effects of a smaller earthquake but one located beneath the metropolis, a
“direct hit earthquake” (chokkogata) similar to the one that later struck the Hanshin region in
1995. While methodological developments in loss estimation have been significant in other
countries, Japan has been an early adopter of their application. One thinks of loss estimation as
beginning with expected ground motions, overlaying on that map the inventory of construction
with its varying vulnerabilities, and then computing losses. However, another train of thought
that is still part of the loss estimation field is to observe actual losses, consider the vulnerabilities,
and back-calculate what the ground motions might have been. Akitune Imamura applied that
approach after the 1923 Kanto Earthquake, summarized by Crookes (1940 p. 31). Imamura
looked at three distinct collections of buildings. He found that “on the hard andesite rock of
Oshima Island (near the epicenter concerned in Sagami Bay) the damage to houses was
negligible; that houses on the hard tertiary tuff of Enoshima Island suffered little damage, but at
Katase, on a sandy shore opposite, over 80% were destroyed.” Using the rough vulnerability
statistic that up to about 0.1 g, Japanese houses had very little damage, and that to have a damage
ratio of 80% was perhaps associated with 0.5 g, Imamura estimated ground shaking levels at
different sites. Today, this kind of reasoning, based on more data accumulated over the years, is
still used.
One observation that can be made about Japanese earthquake loss estimation as compared to that
field in the USA, where it is perhaps larger, is that there has been relatively slight support for that
line of research in Japan provided by the insurance industry as compared to the very strong role
played in America. Earthquake insurance for dwellings in Japan is about twice the cost in
California, and only about 10% of Japanese dwelling owners purchase it (Katayama 1997).
Earthquake loss estimation methods and studies have not to my knowledge been produced from
the Japanese insurance industry. By contrast, in the United States, the origin of earthquake loss
estimation lies in the insurance industry. Notable figures in earthquake engineering history in the
United States in general, but also with regard to loss estimation– John R. Freeman, Alton C.
Chick, Harold M. Engle Sr., Karl V. Steinbrugge to name a few – were partly or largely
motivated by the need to provide a rational basis for earthquake insurance. Today, large
companies in the risk analysis field in the US do work on earthquake loss estimation that is
primarily funded by the insurance and reinsurance industry and related financial lines. With less
of that kind of support and motivation in Japan, the development of advanced earthquake loss
studies, beginning there in the 1970s, is especially impressive. The federal government’s
HAZUS loss estimation method, software, and training, administered by the Federal Emergency
Management Agency, is another large recent boost to the field in the US, and federal efforts in
the field date back to the early 1970s.
A second observation concerning earthquake loss estimation in Japan is that much more than in
other countries it has been connected to earthquake prediction. Note the distinction in meanings:
an estimate of earthquake losses may be tied to a deterministic scenario, but it does not claim, as
an earthquake prediction does, to foresee that a particular earthquake will occur at a specified
time and location. Perhaps partly because of the statistical nature of the insurance business, in the
US there have been both scenario-based studies as well as probabilistic studies that estimate
likely or average losses over some timespan, or calculate an average annual loss. Loss estimation
studies tied to a single scenario are not well-suited to the task of comparing how much risk one
city or region faces compared to another. On the other hand, for emergency response planning
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purposes, a scenario, or multiple scenarios, are desirable so that training and exercises by many
different agencies and organizations can be coordinated around a single set of impacts, and so
that the attention of the public can be focused on a simple set of projections.

Earthquake Prediction
We begin this small section on a large topic with the collective judgment of a recent assessment
of seismological and engineering progress: “Japanese seismologists and geologists have long
been at the forefront of earthquake prediction studies, and their government has sponsored the
world’s largest and best-funded research programs on earthquake phenomena.” (Committee on
the Science of Earthquakes 2003, p. 58).
Predicting a scientific phenomenon is one of the basic things scientists do. As the first of the
modern seismologists began their work in the late 1700s and early 1800s, earthquake prediction
was already on their minds, as it was in the thoughts of the ancients in their pre-scientific folk
beliefs in earthquake weather, displeased spirits, and the like. In Japan as in few other countries,
modern earthquake prediction research has had both a large effect on research and on earthquake
risk reduction measures. Seismologists’ long-term estimates that the Tokyo region or the Tokai
region to the south were “due” for a major earthquake motivated the establishment of major
earthquake prediction efforts in the 1970s. Here, “prediction” is used to mean a statement about a
relatively narrow time frame of a future earthquake, confined to hours, days, or perhaps a week
or two; “estimates” by contrast are statements of the probabilities that an earthquake will occur
in some timespan of decades. Another distinction is that a prediction of an earthquake refers to
the prediction of a specific geophysical event. An estimate of future earthquake hazard is
typically the aggregation of the risks of strong shaking that could affect a particular place,
usually a basket of risks produced by several different faults and the earthquakes they release. In
Japan, an organized national earthquake prediction research program was started in 1965, a
second phase launched in 1969, and the Tokai program in 1974 (National Academy of Sciences
1996).
Earthquake prediction has been closely related to accelerated earthquake vulnerability reduction
efforts and preparedness efforts in targeted areas. In 1978 the Large-Scale Earthquake
Countermeasures Act was passed, administered by the National Land Agency, aimed at
preparing the Kanto and Tokai regions in particular, along with other regions thought to be at
high risk, for future earthquakes. The Act specifically was shaped by the belief in the likelihood
that earthquakes would be predicted. While this law was a significant event in earthquake
vulnerability identification and reduction efforts in Japan, it was not unprecedented national
legislation. In Japan, several functions are centralized at the national level, more than in some
other countries. The 1978 law was passed specifically for earthquakes, but it was based on the
framework of the 1961 Disaster Countermeasures Act, which firmly established the national
government in a direct role in vulnerability reduction and emergency response. That 1961 law
was not passed with earthquakes in mind, for it was a reaction to the 1959 Isewan Typhoon or
hurricane (Selvaduray 1986b p. 26). Also called Typhoon Vera, this storm had such size, storm
surge, and wind speeds (260 kph, 160 mph) that it was ranked as a super typhoon by
meteorologists, and was a category 5 on the Saffir-Simpson Scale. Added to the wind and waves
were the flooding effects when the typhoon hit Japan in the region of Nagoya, and it caused
5,098 deaths, comparable to the 1995 Hyogoken Nanbu or Kobe Earthquake, and rendered many
103

more residents homeless than that later earthquake disaster. This predecessor legislation to the
1978 Large-Scale Earthquake Countermeasures Act was in some ways parallel with a case from
California. While the 1933 Field and Riley Acts were passed right after the March 10 Long
Beach earthquake that year and dealt only with earthquake regulations in building codes, that
legislative innovation – putting the state in the role of a building permit and enforcement agency
– was based on the 1929 Dam Act. That law for the first time put the state in the role of
regulating all significant dams in the state, other than those owned by the federal government,
because of the March 28, 1928 catastrophic failure of the St. Francis Dam in Southern California
(Olson 2003). While neither the 1978 Large-Scale Earthquake Countermeasures Act nor the
1933 Field and Riley Acts could be called multi-hazard, since they had only to do with
earthquakes, there was a multi-hazard background to their development.
In 1970, Hiroshi Kawasumi (1904-1972), then the head of the Earthquake Research Institute at
the University of Tokyo, announced a theory that strong ground motion in the Kanto region had
a pattern of occurring every 69 years, plus or minus 13 years. This would generally be called a
probabilistic estimate of future ground motion, not a prediction of an earthquake per se, but it
generated significant interest on research on earthquake prediction, as well as disaster
preparedness planning in Tokyo. According to Kawasumi’s theory, the highest probability for a
major Kanto region earthquake would be 1992, and it would occur by 2005 at the latest (NonLife Insurance Rating Organization of Japan 2003, p 11). The line of research pursued by
Kawasumi was historical, using the long timespan of records available in Japan. Similarly,
Omori prior to 1900 had cataloged past earthquakes to note average recurrence intervals, though
he did not suggest they were indications of future probabilities. Akitsune Imamura, however, did
make a projection as to future risk in the Tokyo region, stating in 1905 that a great earthquake in
the region was likely within 50 years. (Non-Life Insurance Rating Organization of Japan 2003, p
11). Looking at the statistics of the intensities of past earthquakes in the middle of the twentieth
century, Kawasumi produced in 1951 an influential map of ground shaking for the entire country
in terms of the peak acceleration expected in a 100-year length of time. (Kawasumi 1951). This
map, which became known as “the Kawasumi map,” was extremely influential, because it was
depiction of the seismic hazard of ground shaking used for the next three decades in the Building
Standard Law earthquake regulations. Scawthorn (2007) points out that the comparable seismic
zonation map in use in the USA at that time appears crude by comparison, the highest intensity
zone, Zone 3, was sometimes adjacent to Zone 1, whereas the Kawasumi map has smoothly
varying contours shading from one intensity to another.
Following the 1970 predictive statements by Kawasumi, discussion at a 1976 seismology
conference in Japan concerning the high probability of a large earthquake generated in the
Tsuruga Trough (offshore from Tokyo) received additional significant news coverage
(Selvaduray 1986b p. 27). These theories from seismological research became salient in the
arena of public opinion and governmental circles, and they lit a fire under earthquake prediction
efforts. Perhaps the better figure of speech would be that these seismological discussions opened
the taps to the flow of funding for both the scientific aspects of predictive research and the
countermeasures that could be employed in advance in the Tokai and Shizuoka regions to reduce
the risk of losses.
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While the 1923 Kanto Earthquake was such a huge disaster that it would long be a strong
motivation for earthquake risk reduction in the greater Tokyo metropolitan area, earthquake
prediction research concerning a magnitude 8 earthquake that could occur in the Tokai region
along the coast of the Shizuoka Prefecture was the prime reason that other area of Japan
accelerated its earthquake preparedness efforts. Prior to the earthquake prediction research on a
future Tokai earthquake, Shizuoka Prefecture was not unusual in its degree of implementation of
engineering and disaster preparedness measures. After the surge of prediction-inspired funding
and programs, Shizuoka became a centerpiece of such efforts. Elaborate seismological
monitoring stations were put in place in Shizuoka Prefecture by the Japan Meteorological
Agency, along with a detailed earthquake prediction response plan that extended from the prime
minister to local officials. Massive earthquake training drills involving the public and specialized
facilities such as hospitals or public works departments were staged, an earthquake science
museum for the public built to explain earthquakes and tsunamis, and a staff of the prefecture
that totaled near 20 worked diligently to implement earthquake safety measures. The prefecture
of Shizuoka enacted a 10% surtax on corporations and higher income individuals specifically to
fund earthquake protection efforts (Selvaduray 1986b p. 35). To date, the expected Tokai
earthquake has not occurred, but the level of earthquake protection already built into the
buildings and infrastructure of Shizuoka Prefecture is a lasting achievement.
The attention devoted to earthquake prediction in the Tokai and Kanto regions meant that the
most intensive loss estimation work was conducted there, while the Hyogo region where the
1995 earthquake struck was less studied. In retrospect, regardless of earthquake prediction
efforts, long-term estimates of seismicity and the probability of strong ground motion would
seem to provide a minimum criterion for where loss estimation studies should be conducted,
because they can be of significant value in motivating loss prevention measures.

Earth Science and the Plate Tectonics Revolution
It was in the latter half of the twentieth century that the earlier tantalizing hints of the plate
tectonics theory, such as the continental drift ideas of Alfred Wegener (1880-1930), rapidly
became validated revelations of one of the most remarkable scientific discoveries in world
history. For the first time, the very face of the planet was no longer inscrutable, and its largest
scale geologic processes were clearly understood. One could argue that the process of
engineering construction to resist earthquakes did not need modern plate tectonic theory to
progress.
Regardless of the underlying global-scale cause of crustal deformations and the associated
occasional release of earthquakes, engineers need only deal with the characteristics of those
ground motions and the probability of their occurrence, regardless of their cause. However, for
two reasons plate tectonics is very briefly discussed here. First, it constitutes a true scientific
revolution, one that we have quickly grown accustomed to but which is startling nonetheless, and
one which is not limited to earthquakes but nonetheless uses earthquakes as essential confirming
data. A PhD student in geology in 1960 would not have been taught plate tectonics and only a
few were engaged in research on that rapidly evolving subject; by the 1970s, students in high
school were taught the theory. Though the theory has no single date for its discovery, it was a
breakthrough that occurred in a very small amount of time, and no comparable breakthrough has
occurred in the history of civil engineering. Civil engineering in the final analysis is literally nuts
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and bolts; its entire aim is to provide the construction that people need, and to do so within the
constraints of budgets and schedules, considering safety, aesthetics, and social aspects. It tends to
be more incremental in its development because its theory must march in step with its
applications. And although the historical research reported here is aimed at the engineering
aspects of earthquakes -- the quantitative techniques of bodies of knowledge such as statics,
dynamics, and structural materials – those engineering developments occurred as people were
building and had been building buildings, towers, and bridges for centuries. That tends to make
developments in earthquake engineering incremental and practice-based, rather than
revolutionary and theory-based.
A second reason for at least briefly discussing plate tectonics here is that while it only provides a
macro-scale context for the regional seismic hazard studies that are of interest to engineers, plate
tectonics does help earth scientists piece together more of the puzzle of where and when future
earthquakes will probably occur. Bunjiro Koto accurately identified the Nobi fault as the cause
of the 1891 Mino-Owari Earthquake, a new idea at the time. The process of strain build-up and
release was elucidated by Harry F. Reid in the elastic rebound theory after the 1906 Northern
California or San Francisco Earthquake. That provided the modern understanding that, as Bailey
Willis of Stanford University was later to say, “the farther you get from the last earthquake the
closer you get to the next one.” But in retrospect, those concepts of approximately the turn of the
nineteenth-twentieth centuries were identifying proximate causes of the crustal collisions known
as earthquakes, not the underlying causes. Today, a jury would have to assess some portion of
the “blame” for an earthquake to global scale plate tectonics, as well as local scale faulting.
Uyeda (1978) notes that the detective work that resulted in a complete plate tectonics theory,
backed up with sufficient evidence, was accomplished by researchers in many countries, among
them France and especially Britain (paleomagnetism studies in the 1940s and 1950s, providing
clues to the phenomenon of seafloor spreading); the Netherlands (submarine-based gravity
measurements in the East Indies showing how different the seafloor was geologically than the
continents); the United States, Soviet Union, and again Britain (ship-based surveys of the
seafloor after the Second World War); and Canada and the United States (new hypotheses and
conclusive evidence supporting the seafloor spreading hypothesis and transform faults). In all
those kinds of research – paleomagnetism, ship-based surveys, and so on, Japanese investigators
were active, but not in the vanguard. Uyeda (1978 p. 93) notes that as of 1968, “Russia and Japan
appeared to remain skeptical. In most other countries the hypothesis was extremely popular.” But
within only a few years, further convincing evidence was produced.
Perhaps the most prominent role of Japanese earth scientists in studying plate tectonics is due to
the Japanese archipelago itself. The special role of Earth’s island arcs, of which Japan is one, has
been best studied in Japan. Japan’s high level of seismicity, as well as its numerous volcanoes,
are directly tied to the multiple island arc geologic structures that coincide at its particular
location on the planet, with plate tectonics the steady engine that guarantees that the hazard of
earthquakes will remain with the Japanese for the foreseeable future. As is typical of island arcs,
the convex side faces out across the ocean, the concave side toward the nearby continent. The
four arcs that meet in Japan can be clearly seen from a map, from north to south: the Kurile,
Honshu, Ryukyu, and Izu-Bonin-Marianas. New crust is continually manufactured at midoceanic rifts and becomes a slow-moving conveyor belt, but because the earth is not steadily
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increasing in size, that material must somewhere descend again into the mantle. Island arcs and
their trenches form the subduction zones that recycle the old descending seafloor plate material
to make way for the new. Some geologic structures that are properly called island arcs, such as
the Carpathian Mountain range well inland from the sea in Romania, are no longer islands with
water around them, but share the same basic origins as Japan experiences today. The seismic and
volcanic hyperactivity of a region such as Japan that is still youthful in geologic time is an
inescapable byproduct, and that major phenomenon of island arcs has only been understood in
the latter half of the twentieth century, mostly because of research in Japan.

Earthquakes: 1950-2000
In this time period, almost annually an earthquake occurred that made the news and kept the
Japanese population concerned about earthquakes – events enough to cause from one to a dozen
fatalities or cause slight property damage. But there were very few events that caused major
destruction and losses. This was in spite of the fact that there were 29 Japanese earthquakes of
magnitude 7 or greater. Again, the location of the large earthquakes is the primary reason for the
lack of associated damage.

1964 Niigata Earthquake
Although the Building Research Institute was beginning to publish a few geotechnical
engineering research reports prior to the June 16, 1964 M 6.8 earthquake in Niigata on the west
coast of Japan, it was that earthquake that gave that discipline a major boost in Japan. The
Niigata Earthquake, along with the M 8.6 Alaska Earthquake of March 27, 1964 less than three
months earlier, were primarily responsible for the studies that have led to our modern
understanding of liquefaction. Whitman (1969) reviewed all of the papers written for the Fourth
World Conference on Earthquake Engineering held in Chile at the beginning of 1969. At that
time, it was slightly too early for research on the 1964 earthquakes to have accumulated (and
also prior to the advent of the term geotechnical engineering). “The importance and widespread
incidence of liquefaction has become generally recognized only in the 4 years since the 3rd World
Conference [on Earthquake Engineering, held in early 1965]. Indeed, liquefaction is one of the
few new problems in earthquake engineering to emerge during that period. Despite the fine
papers which have been written on the subject, in my mind the problem is far from being
‘solved.’ (Whitman 1969 p. 20). It was at a conference in Japan a few years later that Whitman
presented a basic relationship between strength of liquefiable soil as it is shaken to strength of
earthquake (Whitman 1971), and in the early 1970s work by Harry Seed and others continued to
advance the quantitative study of liquefaction. While some of this research required the
acquisition of ground motion records, it is to my mind an interesting question why more
geotechnical research was not conducted on liquefaction prior to the 1964 earthquakes. A paper
by T. Mogami and K. Kubo (1953) is one of the rare pieces of literature on the topic prior to the
1964 earthquakes. Liquefaction had occurred in dozens of earthquakes that had been studied by
then, but detailed follow-up investigations and an understanding of the underlying phenomenon,
let alone even a recognition that sand boils and lateral spreading were even caused by
liquefaction, seems to have been on hold till the mid 1960s.
Virtually all countries with significant seismic shaking hazard have some liquefaction
susceptible areas, simply because the geologic process of depositing sandy soils, and the
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presence of high water tables, makes liquefaction potential relatively common along rivers,
former river valleys, and coastal areas. Such flat land adjacent to waterways has often been
preferred for intensive development, dating back to earliest human towns. From a geotechnical
engineering perspective, the history of the four cradles of civilization – Mesopotamia, China,
India, Egypt – could be taught in terms of the flooding, liquefaction, subsidence, expansion soil,
and ground motion amplification hazards of the Tigris and Euphrates, Hwang-ho, Indus, and Nile
river valleys respectively.
Japan is one of the nations with the greatest combination of liquefiable ground, exposure to
strong shaking, and densely developed construction. While liquefaction in the 1964 Alaska
Earthquake was significant and instructive for geologists and geotechnical engineers to study, it
was insignificant in its effects on construction as compared to the case of the city of Niigata, a
city with a population of about 300,000 at the time of the earthquake with much of its carpet of
urbanization spread over ground that dramatically liquefied. At the time of the Alaska
Earthquake by contrast, the population of the entire state of Alaska was only 250,000, few of
whom lived in areas where liquefaction occurred, and Anchorage had only about 50,000
residents.
Damage to distributed construction such as pipelines, roads, bridges, and electrical transmission
lines in the Niigata Earthquake led to increased attention in Japan on the vulnerability of these
systems, such as in the studies of Keizaburo Kobo (1922-1995). Keizaburo Kubu noted that after
the 1983 Nihonkai-Chubu Earthquake, advances were made in correlating the amount of
liquefaction-induced soil deformation with the breaks in underground gas pipes, using air photos.
(Kubo 1991 p. 672)
Another lesson taught by the 1964 Niigata Earthquake was the seriousness of the problem of
hazardous materials and earthquakes. At the Showa Petroleum refinery and storage facility, a fire
caused by the earthquake spread to large oil supplies, providing fuel for a fire that burned for
over two weeks. Subsequently, petrochemical facilities began to implement earthquake-caused
fire prevention measures, such as relating to the seal between floating roofs and tanks to prevent
metallic impact and sparks, and protection of neighboring property (Selvaduray 1986a)..
Emergency training and preparedness at petrochemical facilities after this earthquake, and after
the 1978 Miyagi-ken-Oki Earthquake, were heightened.

1968 Tokachi-Oki Earthquake
Three large earthquakes released offshore of the Tokachi region of the northernmost large island
in Japan, Hokkaido, are instructive. The March 4, 1952 M 8.4 Tokachi-oki Earthquake (the
suffix –oki meaning “bay” or “offshore”) and the September 25, 2003 Tokachi-oki Earthquake
(M 8.3) earthquakes were about the same size as the M 8.3 May 16, 1968 Tokachi-Oki
earthquake. (Magnitude figures vary by reporting source as well as by type of magnitude –
surface wave, moment magnitude, etc. – and it is difficult to precisely place historic earthquakes
in the same scale. As noted earlier, generally the standard figures of Dunbar et al. 2006 are used
here) The 1952 and 2003 events caused tsunami damage, with the former accounting for 33
fatalities, the latter for none. In the 1952 case, a semi-official tsunami warning was issued, a
month prior to the establishment of the Japan Meteorological Agency tsunami forecasting
system. These two earthquakes had significance for the study of tsunamis, for example the
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difference in the waves generated even though the earthquake locations were nearly identical,
and the contribution of what is usually called debris impact that was in the unusual form of drift
ice in the 1952 case. Neither the 1952 nor 2003 event, however, had a significant effect on the
development of earthquake engineering measures to contend with ground motion, because of the
slight onshore shaking (except in the town of Hiroo in the latter earthquake).
However, the 1968 Tokachi-oki Earthquake did cause strong ground motion that affected urban
areas, and it had a particularly important role to play in earthquake engineering history. “The
1968 Tokachi-oki earthquake caused significant damage, for the first time in Japan, to reinforced
concrete buildings, which had been believed by engineers, researchers and the general public to
be earthquake resistant since the 1923 Kanto earthquake” (Otani 2000b p. 5). Short-column
school building damage was particularly pronounced, with frame action in the stronger-beam,
weaker-column elevations of buildings leading to column fracture. The architectural origin of the
damage, as in the design of schools and some other occupancies in many other countries, was the
use of long strip windows on the north elevation side for daylighting, with structural material
restraining the columns up to the sill height. The constraint concentrates the inelastic
deformation in a small area of the column, and in shear, rather than letting the column extend
unbraced for its full-height and behave in a flexural way. The story-high column acts like a short
column that is only the height of the window. The restraint of the spandrel must be taken into
account, even if it is lightly reinforced as a “nonstructural” component, to determine where the
demand for ductility will be located. If not, shear-resisting and concrete-confining transverse ties
would typically be most widely spaced in the mid-height of the column – precisely the most
critical area if the short column condition is present. Guevara and Garcia (2005) discuss the fact
that this seismically undesirable building configuration is not limited to Japan. The same basic
condition, sometimes with different materials such as masonry rather than concrete infill
between columns, has led to damage and building collapse in Latin American earthquakes. The
1968 earthquake, however, seems to be the one that focused the most engineering attention on
the problem
Partly as a result of the earthquake, the 1971 revision to the Building Standard Law required
closer spacing of ties in reinforced concrete columns. Otani (2000b) documents Ministry of
Construction activities at this time and later with regard to vulnerable reinforced concrete
buildings, while Penzien (2004 p. 73-74) notes the importance of the earthquake on an
international scale. Partly as a result of the earthquake and discussion of its damage to modern,
engineered construction, especially the reinforced concrete schools discussed above, Penzien and
Hajime Imamura were to co-lead the first of the US-Japan Cooperative Earthquake Program
research phases. The fact that the advanced laboratory facilities at Tsukuba were in place and the
Building Research Institute had been re-located there and ready to engage in large-scale research
made that research initiative feasible.

1978 Miyagi-ken-Oki Earthquake
The June 12, 1978 M 7.4 earthquake that occurred off the shore of Miyagi Prefecture, and thus is
called the Miyagi-ken-Oki Earthquake, was close enough to cause significant damage to the
large city of Sendai, which had a population of 650,000. Like the 1968 Tokachi-oki Earthquake,
it provided earthquake engineers with the most realistic of full-scale, fully dynamic tests of
seismically designed construction. Fatalities were few (22), indicating the earthquake
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engineering of recent years was on the right track, but there were complete collapses of bridge
structures, falling precast concrete panels, and some other damage that spurred research efforts to
improve the state of the art. There was also short-column damage similar to that of the 1968
Tokachi-Oki Earthquake. Although engineering and architectural guidance has been available for
some time now to produce technical solutions such as for this vulnerable configuration, the
major issue remains the economic problem of retrofitting existing construction to control the
vulnerabilities that have already been built, as well as the continued construction of this type in
countries where seismic codes have either not been fully developed or thoroughly applied.
A seemingly insignificant type of structure, but one which failed in this earthquake in a very
hazardous way, is the ordinary concrete block fence. The overturning and breaking apart of such
heavy structures became one of the key changes in new construction. Anyone walking down a
typical residential lane in a Japanese city today can intuit how vast the existing inventory of
older, unretrofitted block walls is and how prevalent the hazards the pose. Fukuta (2005b) cites
this problem, along with buildings of irregular configurations such as cited above, and
vulnerabilities of some kinds of steel connections, as the three urgent revisions made to the
building code because of this earthquake. Another innovation in the 1980 Enforcement Order of
the Building Standard Law, that went into effect the following year, was the concept of
analyzing the structure for two levels of shaking.
The specialty area of earthquake engineering that deals with utility and transportation systems,
called lifeline earthquake engineering, increased in activity after this earthquake in Japan. The
same general trend as occurred in some other countries was underway. First, the biggest
problems of preventing collapse of structures and severe damage was the focus, then came the
issues of post-earthquake outage of services such as the supply of water and electricity. Damage
to oil storage tanks was prominent in Sendai and resulted in design changes that were rapidly
implemented on a national and industry-wide scale unmatched in most other countries
(Selvaduray 1986a). Learning lessons from earthquake disasters has been common in many
countries, but Japan more than most has managed to apply those lessons, and do so rapidly, at
least with regard to new construction. With regard to learning lessons from earthquakes, Japan’s
frequent supply of them has been of benefit to others. For example, the first earthquake
reconnaissance on a Japanese earthquake by the American organization, the Earthquake
Engineering Research Institute, was the 1978 Miyagi-ken-Oki.

1993 Hokkaido Nansei-oki Earthquake and Tsunami
Many significant tsunamis could be cited in any of the periods of time discussed here, but for the
sake of brevity this event is singled out. It indicates that the earthquake hazard of tsunamis in
Japan is still very much a difficult threat to contend with, and reducing its risk takes two paths:
(1) engineering to reduce damage itself and directly confront the tsunami, such as with the
construction of seawalls, and (2) emergency response measures to rapidly obtain and process
tsunami data and communicate evacuation warnings.
The July 12, 1993 Hokkaido Nansei-oki disaster was generated by a magnitude 7.7 earthquake in
the Sea of Japan, off the western shore of Hokkaido and very near to the island of Okushiri.
Because distance from the source, from the seafloor displacement that sets the tsunami waves in
motion, converts to travel time and thus possible warning and evacuation time, residents on
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Okushiri had only as little as two minutes before tsunami waves arrived. A runup of 10 meters
was a widespread occurrence on the island, while extreme heights of 30 meters also locally
occurred. Entire buildings were wiped away, and some concrete seawalls were destroyed.
Though it may seem improbable, the damage to construction, with its inevitable contents of
combustible materials and ignition sources, led to fires that caused further damage, which has
happened in other tsunamis in Japan and elsewhere. While other countries face high earthquake
risk due to ground shaking, Japan stands out for being exposed not only to that seismic hazard
but also to such high tsunami risk.
In the long history of devastating tsunamis in Japan, the steps toward effective emergency
response measures can be traced back to the March 3, 1933 Sanriku tsunami on the northeastern
coast of Honshu. The fatality total was 3,064. At about this time, Japanese seismologists and
tsunami researchers were increasing their knowledge of tsunamis, and in combination with the
devastation caused by the magnitude 8.4 earthquake-generated tsunami, some initial work was
done to devise a warning system. In a similar region, on June 15, 1896, another Sanriku tsunami
disaster occurred, with massive runups reaching 38 meters, with a death toll of 27, 122.
However, 1896 did not provide the ploughed ground for the seeds of tsunami risk reduction to
sprout. On the engineering front, one effect of the 1933 and other tsunamis was the construction
of a massive protective wall 10 m tall to protect the town of Taru, which subsequently proved its
worth in tsunamis such as the one generated by the 1960 earthquake in Chile. Mentioned earlier
is the fact that the tsunami warning system of the Japan Meteorological Agency (JMA) was in
final development as of this earthquake and used for the first time.
Other earthquakes, such as the 1946 Aleutian Earthquake, which resulted in fatalities in Hawaii,
led to the development of the Pacific Tsunami Warning Center in Hawaii in 1949 that has
evolved steadily in coverage and sophistication to this day. The first generation of technology of
tsunami detection and measurement is still in use, using rapidly obtained seismographic data to
estimate whether a tsunami might be generated, then corroborating this with tide gauge data as it
becomes available. Probably the most extensive development and application of the second
generation of seismographs for tsunami detection purposes, underwater seismographs installed
on the seafloor, has occurred in Japan over the past few decades.
Seismic design to resist ground shaking requires a sharing of expertise between structural
engineer and seismologist. With tsunamis, the collaboration still includes the seismologist, but
the other two disciplines most involved are the emergency manager and the civil engineer, the
latter referring to the engineer with expertise in hydraulics and the design of coastal works.
In an advanced country like Japan with strong earthquake protection programs that are often
managed nationally, detection of a tsunami or of the likelihood one may have just been generated
can be efficiently converted into efficiently disseminated warnings. Public education, whether of
students in schools or the general public via safety campaigns, is also highly advanced in Japan,
and thus a very high proportion of the people who receive a warning can quickly act
appropriately, for example to evacuate immediately and in the right direction. All of these factors
are essential to a tsunami protection program, not just the scientific and technological aspects of
tsunami detection and prediction of their path and effects. In other words, the application of
advanced science and technology by itself will not create in another country the same level of
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tsunami protection that has been built up in Japan, absent a similar receptivity of the population
to respond appropriately.

1995 Great Hanshin Earthquake
The January 17, 1995 M 6.9 earthquake is often called the Great Hanshin Earthquake after the
Hanshin region in which it occurred, a geographic area that includes Kobe as well as Osaka.
Because Kobe, with a population of 1.4 million people and a huge port, was directly on top of
the energy released by the rupturing fault, it received the majority of the damage and so the event
is often called the Kobe Earthquake. Geologists often refer to the causative fault, the Nojima
Fault, which had surface rupture on Awaji Island near the epicenter, and Hanshin-Awaji is
another name for the earthquake. And because it occurred in the Hyogo Prefecture (Hyogoken),
and the southern portion (nanbu or nanpou) of that prefecture, it also has the name HyogokenNanbu Earthquake.
Of the 6,166 fatalities in Japanese earthquakes in the 1950-2000 period, 5,502, occurred in the
1995 earthquake (using the Dunbar et al. 2006 figures; other sources would increase the 1995
earthquake death toll to over 6,000, making that event stand out even more). Occurring exactly
one year after the January 17, 1994 Northridge Earthquake in Los Angeles, the Great Hanshin
Earthquake has invited comparison with that other event. The cost of the damage in the 1995
earthquake was estimated by Hyogo Prefecture at about 10 trillion yen, or about US $80 billion,
and another estimate was that the damage cost, not including ensuring economic effects,
represented 1.6% of the country’s gross domestic product. These figures are a little over twice
those for the Northridge Earthquake. Another fact that makes the Kobe Earthquake stand out
even more is that its damage total included many completely destroyed buildings, whereas in the
Los Angeles earthquake the property damage added up mostly from a large number of instances
of minor to moderate damage rather than from collapses or buildings destroyed completely by
fire as in Kobe. In terms of life loss, Kobe Earthquake was about 100 times worse, because the
Northridge Earthquake had a fatality toll of only 60.
Compared to other geologic hazards, a key aspect of earthquakes is their ability to cause a major
saltation in the historical loss statistics. Subsidence and expansive soil, for example, cause
property losses that sum to large values in some countries, but they add up in small, steady,
rather predictable increments. The Great Hanshin Earthquake accounted for 90% of all the
fatalities from all the earthquakes in Japan in the 1950-2000 period. The early morning time of
the Kobe Earthquake (5:47 am) and the large number of small wooden residences that collapsed
or burned, made the earthquake especially deadly. As the other earthquakes in this 1950-2000
period illustrate, an earthquake need not have a high fatality toll to be significant in causing
change in the earthquake engineering field. In the case of the Kobe Earthquake, however, the
high fatality toll added great political significance to the implementation of the engineering and
emergency response lessons learned.
Within the context of the historical research here, only a brief listing of key aspects of the 1995
earthquake and the associated influences on the development of earthquake engineering are
attempted here. The extent of these influences is especially difficult to assess because they are
still continuing, over a decade later, a fact that indicates how significant the effects of the disaster
on earthquake engineering in Japan were.
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near-fault ground motion
For several decades the most-used strong motion record in the world for research purposes to
represent a large, nearby earthquake, was the 1940 El Centro, California accelerogram. In
retrospect, that record contained data on what was to be called near-field or near-fault ground
motion pulses.
At that time, and for many years, it was assumed that this record represented
upper-bound motion. It was the most commonly used record in research not only
in the United States, but also all over the world. Peak acceleration in a severe
earthquake was thought of as being about a third of gravity, because that was the
peak of the El Centro record. It has gone up since then. At some time we shifted
and said: not a third of g, but half of g. Of course, now we’re up to a level more
like 1 g and even above. The assumption as to an upper bound of ground motion
has changed, because we’ve recorded motions with higher levels. The 1940 El
Centro record also had a characteristic that we didn’t recognize back in the early
days. As you know, we now talk a lot about near-field effects, “near-field”
meaning that the recording station is within maybe 10 kilometers of the fault. This
will produce velocity pulses caused by fault rupture directivity and elastic
rebound of the ground. That 1940 accelerogram has velocity pulses in it, but we
didn’t think about them in the 60s yet.” (Penzien 2004, p. 52).
Then, in the 1971 San Fernando Earthquake, engineering professors studied the ground motion
records and related damage and concluded, “Careful consideration should be given to the design
of structures located close to potential earthquake faults, since severe, long-duration acceleration
pulses may be associated with the faulting process.” (Mahin et al. 1976 p. 119)
The Kobe Earthquake, along with the Northridge Earthquake in Los Angeles that occurred one
year before, provided well-documented evidence in the form of building damage and strong
motion records that led the engineering community in both countries to more seriously consider
the near-fault ground motion hazard. In the Northridge Earthquake, while the seismological
evidence of near fault ground motion was provided, the engineering evidence of its damaging
effects was a tiny fraction of what was observed in Kobe. The worst of the near-fault ground
motion effects in the 1994 earthquake did not strike districts of the Los Angeles region with
numerous major buildings, whereas the heart of Kobe was hit by the near-fault motions of the
1995 earthquake. Thus the Kobe Earthquake had a very large effect in bringing near-fault ground
motion to the fore as one of the most important issues in engineering seismology. The first
introduction of near-fault ground motion amplification factors in the building code in the US for
ordinary buildings, in the 1997 edition of the Uniform Building Code, was affected by the data
from the Great Hanshin Earthquake, for example.
liquefaction and port damage
Thirty years after the Niigata Earthquake, liquefaction damage recurred on a large urban scale in
Japan. While Niigata was a significant port, it was not nearly so vast as the port of Kobe, and the
liquefaction-caused damage to the waterfront in Kobe was devastating. Even relatively modern
filled ground, retaining walls, and the foundations of industrial structures or buildings were
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damaged because of liquefaction, indicating the problem had not yet been reduced to the level of
routinely applied reliable solutions.
The long-term economic consequences of damage to the port were extensive and complex.
Today’s large ports operate in a highly competitive environment, with shippers having multiple
options for which port to use in Japan, or whether to use a port in Korea or elsewhere in Asia
instead. The recovery and modernization of the Kobe port, and making its union-based
management system more flexible to market forces, thus was given a high priority to ensure that
the port of Kobe stayed on the list of major Asian ports. The damage to the port, and its
renovation, was essentially complete by the spring of 1997 because of the coordinated recovery
campaign for that key infrastructure.
dwelling collapses and fires
As in other large Japanese cities, residential areas of dense, low-rise, wooden construction coexist with modern steel and concrete buildings of industrial or commercial occupancies. While
some have generalized that the typical wooden Japanese house is inherently earthquake-resistant,
and that the coming of Western masonry architecture greatly increased seismic risk, damage to
Japanese houses and row houses or small apartment buildings has been common since well
before the Meiji period. Tobriner (1997) reviews some of the architectural history of Japanese
wooden dwelling types and specifically analyzes the major damage to them in the Kobe
Earthquake, in which the majority of the fatalities of the earthquake occurred. In contrast to
Tobriner’s account, Clancey (2006 p. 215) attributes pre-Meiji “dynamical insights” of the daiku
or the craftsmen in the construction industry, for whom “flexibility was the favored path” for
dealing with earthquakes. The question of seismic design motive or purpose arises when insights
are attributed. The thesis that the characteristic of numerous post-to-beam and beam-to-beam
wood joints of the general mortise and tenon type was used because of an intention on the part of
the daiku to make the structures earthquake-resistant requires further proof. As noted earlier,
Berg (1976) observed that the period of vibration and the percentage of critical damping were
key elements of larger (pagoda or temple) wooden structures in Japan that increased their
earthquake resistance. No evidence has yet been seen to prove that pre-modern science Japan
developed construction details to intentionally control the period of vibration or percentage of
critical damping. Nor is there any evidence available to prove that in any other country prior to
the twentieth century, such seismic strategies were understood and incorporated into traditional
construction, so this is not to single out Japan. It seems feasible that in a pre-scientific time
someone might have experimented with models or full scale structures and developed an
intuitive grasp of either the period of vibration or damping affected dynamic response, but I have
not seen such evidence.
A separate but significant fact is that the traditional wood dwellings in Japan by and large have
not been especially seismically safe, and the Kobe Earthquake is a case in point. Generalizations
that “wood” buildings are not prone to collapse in earthquakes are based on the performance of
light, repetitively framed, shear-sheathed wall and floor/roof construction – “two by four”
construction or the equivalent. It is important to note that merely calling a building “wooden”
does not fully describe its earthquake resisting features even if it has a timber frame. Some of the
numerous wood buildings that collapsed in Kobe had a soft-ground story, because that level had
larger rooms and in some cases was used as a commercial occupancy with fewer interior walls.
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Heavy tile roofs introduce high earthquake loads regardless of whether the structure beneath is
wood or another material. The walls of these traditional “wooden” houses are actually not
primarily wood. Plywood or the more recent oriented strand board have only become relatively
common recently, and “two-by-four” construction had been introduced in Japan prior to the
Kobe Earthquake but was not yet in widespread use. Reduced to its simplest seismic features, the
woodframe building of repetitive light framing members and shear-panel-sheathed walls and
diaphragms (floor and roof) has: (1) light weight, (2) extensive walls, (3) high damping and
ductility if the sheathing is properly nailed to the framing and hold-downs are used where
overturning is indicated, and (4) steel anchor bolts connecting the wooden superstructure to a
concrete, and today a reinforced concrete foundation. The dwellings that collapsed in Kobe were
lacking in one or more, and usually all, of these features.
Tobriner (1997) notes that Japanese traditional residential architecture can be divided into the
two categories of detached upper class residences, houses, and row houses or machiya. In terms
of types of construction, the traditional Japanese wooden house may be divided into two types,
shinkabe and ohkabe, both of which “consist of post-and-beam vertical-load-carrying systems
with lateral resistance deriving from exterior and interior mud-walls including diagonal bracing
(Taniguchi 1995 p. 60).” The ohkabe style sometimes uses trusses to form the gable roof, as
compared to the stacking of post and beam elements in the shinkabe in the attic. Weak masonrylike materials of plaster embedded in various bamboo or other wood lattice matrices were in
most cases the key shear wall element, and the strength and ductility of such elements is very
limited. Traditional light-weight screen walls (shoji) offer no significant resistance at all. While
the tile roofs are fire resistant, the remainder of the building is combustible, and the spread of
fires through residential districts in Kobe was swift and all-consuming on the scale of entire
neighborhoods. More recent wood construction with adequate diagonal bracing, and without
deterioration of the wood structural members, and with strong post-to-footing connections or
continuous footings, performed better in the earthquake.
The earthquake served to confirm current trends in building code provisions and construction
practices, while highlighting the large vulnerability of the many older residences in Japan, for
example in the city of Kyoto, which has not had a major damaging earthquake since 1830. The
massive life loss attributable to either collapsing or burning traditional wooden Japanese
dwellings in Kobe has led to risk analysis efforts in other cities in Japan, since it is obvious the
twin ingredients of that kind of construction and strong earthquakes are present almost
throughout the entire country. In some ways, the concept of retrofit has been easier to introduce
in some other countries than Japan, though it is almost always a controversial, costly, difficult
issue. Engineering is only one way to define a seismic retrofit. In terms of attitude, it can be
regarded as simply an inevitable updating, applying what is now known to construction built
years ago that did not have that benefit. Or, it can be regarded as a correction of a mistake, a
statement that the construction was not done right in the first place, implying that responsible
parties should admit their guilt or express their regret. The nuances of these two alternative
phrasings have more to do with cultural traditions than engineering.
As an example of this cultural significance, I recall being in Japan when the tragedy of a jumbo
jet plane crash occurred on August 12, 1985. The disaster was a cause for national mourning, and
globally remains the highest life loss of a single plane crash: 520 of the 524 people on board died
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as the Boeing 747 operated by Japan Airlines floundered out of control and then crashed into Mt.
Osutaka near Tokyo. The president of Japan Airlines, Yasumoto Takagi, resigned and
apologized for the disaster, although the cause had been determined to be an improper repair
made by Boeing Aircraft technicians years earlier to the pressurized rear bulkhead. The airline
established a memorial and explicit exhibit of crash artifacts at Haneda Airport. The engineering
response by Boeing was that this model of aircraft was retrofitted to armor the hydraulic lines
leading to the tail to protect them in the event of a similar failure, and improved maintenance
practices were instituted. The engineering response of the American company was, in essence:
find the problem, fix the problem. Its legal response was to settle claims in whatever manner it
could with the particular legal system involved. The cultural response of Japan Airlines,
however, was distinctly Japanese and different than in most other countries.
Hanshin Expressway
Perhaps the most often shown television or print journalism image of the earthquake was the
toppled viaduct, the Hanshin Expressway. From an engineering perspective, it led to changes in
design standards and a movement in the seismic design philosophy for bridges away from brute
strength toward use of seismic isolators or dampers to reduce demands and careful planning of
locations of ductility to ensure reliable inelastic performance. While the structure’s massive
three-meter diameter reinforced concrete columns had great strength, it is always a question of
capacity versus demand, and in the Kobe Earthquake, the columns were overmatched with no
graceful way to handle the overload. The observation made by George Housner on the shattering
of the non-ductile columns of the Olive View Hospital in the 1971 San Fernando Earthquake in
Los Angeles may be relevant here. He commented that if those non-ductile columns had been
made twice as big, the result would have been to have twice as much debris after the earthquake.
1981 Building Standard Law
One of the most significant modifications to the seismic regulations in the Building Standard
Law came in its 1981 revision. By the time of the Kobe Earthquake, many large buildings had
been erected according to its provisions, standing side-by-side with other buildings that had been
designed to the pre-1981 code. The difference in performance was striking, with post-1981
buildings giving Japanese engineers confidence their current (1981 and later) building code
provisions provided reliable safety. There was some damage to recent construction, including
reinforced concrete, steel reinforced concrete, and steel frame buildings, but the 1981
regulations, as a historical marker, indicate that seismic design in Japan had reached a level that
many considered adequate. One indication of this confidence is that earthquake insurance rates in
Japan provide a 10% discount on dwellings built after June 1, 1981 (Non-Life Insurance Rating
Organization of Japan 2003 Appendix 1). The next step in developments past the 1981 level of
earthquake protection includes efforts to reduce damage and outage. Instances of costly damage
repairs to buildings led to a re-thinking of what level of performance was adequate, with some
movement toward using criteria that would control damage to an inexpensive level as well as
providing safety. Even the original 1924 seismic code provisions in Japan were based on an
approximate economic goal of controlling damage to buildings designed to its provisions to an
average of 10% loss, as well as being intended to provide safety, so this emphasis on a broad
range of performance was not really new.
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disaster response
In Japan, the general conclusion drawn by the public after the 1995 disaster was similar to the
case in the United States after Hurricane Katrina in 2005: the governmental response was too
little, too late. While earthquake disaster preparedness activities had been underway on a large
scale at the national and local levels for decades, the 1995 earthquake was the first in recent time
to stress the emergency response system significantly. As is typical in most countries, local
agencies such as fire and police departments or hospitals are the first responders to a disaster,
along with spontaneously organized volunteers in the affected district. For small events, virtually
all the emergency response is local. For the rare disaster of great impact, the regional and
national governmental levels must quickly provide emergency response resources, yet it is a role
they usually have not put into practice in real events of such size. Almost definition, a disaster as
compared to a more common emergency is a rare occurrence. A number of modifications were
made to the national government emergency response procedures as a result of the earthquake,
with the aim of providing leadership and resources more rapidly in a future disaster.
The longer-term response to the disaster, such as with the provision of emergency shelter and
then permanent replacement residences, also subjected governmental agencies to a more severe
test than they were accustomed to. Agencies responsible for providing housing found that
demand kept exceeding supply, and the shortfall that was painfully felt by displaced Kobe
residents raised the criticism that not enough was being done for the 300,000 people left
homeless by the disaster. Both with respect to emergency and longer-term disaster response, the
1995 earthquake was probably the biggest single learning experience in emergency management
in Japan, other than the 1923 Kanto Earthquake.
The topics of loss estimation and earthquake prediction discussed earlier are relevant here. Either
the Kanto or Tokai region was where a huge earthquake disaster had been forecast and where
earthquake prediction efforts were most intensive. Those scientific efforts tended to also focus
disaster management attention in those regions. As it turned out, the emergency management
system was somewhat like a baseball batter who was looking for a fastball or slider while the
earthquake threw a curve.
One international effect of the disaster was felt far away in New Zealand. After the New Zealand
Society for Earthquake Engineering conducted its field study of the earthquake, it concluded that
in addition to engineering lessons, there was a need for better emergency planning and response
for disasters in New Zealand. As a result, in 1999 a Ministry of Civil Defence and Emergency
Management was established, with an earthquake engineer as its first director.
earthquake engineering research facilities
The 1995 earthquake severely pruned the Hanshin region in terms of its cutting down of lives
and property, but in the aftermath there was renewed vigor in the new growth of earthquake
engineering research facilities as a result. The world’s largest and highest capacity shake table
was planned after the disaster and constructed by 2005 near Kobe in Miki City by NIED, the
National Research Institute for Earth Science and Disaster Prevention. The E-Defense simulator
is not only huge, 15 by 20 meters in plan and located in a high-bay building the size of a huge
aircraft hangar that accommodates full-scale multi-story building models weighing up to 1,200
metric tons, it is also a precise instrument for re-playing the three-dimensional motions of
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accelerograms from strong earthquakes. Prior to the construction of the E-Defense shake table
and associated campus at Miki City, Japan already had the majority of the top ten shake tables in
the world, and the new facility, and its enormous construction and operating expense, indicates
that Japan will have a unique capability with respect to experimental research for decades.
Prior to the 1995 earthquake, Japan had been steadily instrumented with an increasing number of
strong motion seismographs, dating back to the 1952 development of the SMAC instrument
series. There were a total of 687 by 1972 (Knudsen 1973 p. 1037), most of which were later
models of the original SMAC. As of the first of the World Conferences on Earthquake
Engineering in Berkeley, California in 1956, there were less than 70 strong motion instruments
in the entire world (Housner 1984 p. 33), with most of them in the USA. By the time of the Ninth
World Conference on Earthquake Engineering held in Japan in 1988, there were 10,000 strong
motion accelerographs installed throughout the world (Hudson 1988 p. II-8). The Kobe
Earthquake greatly accelerated that trend. In 1996 K-Net (Kyoshin-Net) was created by NIED,
with the aggressive goal of installing 1,000 instruments in a 25-km grid all across the country by
2000, a goal which was met.
As in other countries, observational seismology is actually two different fields and professions.
Many seismologists are interested in the records collected by weak-motion seismographs that
provide the data on the source itself, the rupture zone and the first emanation of vibrations. One
can visualize the effect of those studies on engineering in terms of maps, the depiction of seismic
hazard by location. Other seismologists operate strong motion seismographs, accelerographs, and
collect and study strong motion records. The simple visualization of the effect of that branch of
seismology on engineering is graphs, such as a response spectrum or the typical plot of an
individual strong motion record showing acceleration vis-à-vis time. Both branches of
seismology, and the data from both the seismograph and accelerograph, are necessary for
earthquake engineering to develop, but it is especially the latter that engineers most value.
Within the strong-motion seismology field, engineers also highly value the relatively small
number of records obtained from within structures, as compared to ground motion records.
Kawase (2000 p. 15) states that only a relative handful of structures have had strong motion
instrumentation installed in them since the Kobe Earthquake, as compared to the much larger
number of instruments on the ground, worrying that after a future Kobe Earthquake, there will be
“plenty of freefield ground motion data, plenty of collapsed buildings, and no data on those
collapsed buildings.” Lack of strong motion instrumentation in structures is by no means a
criticism that can be made of Japan alone, because earthquake engineers worldwide face the
same situation. It is also telling that after major earthquake disasters, there is still a relatively
small amount of such data for the engineers to study, to compare observed performance of
buildings and lifeline facilities with their measured response.
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Table 2-3

Chronology Tables: 1950-2000
General
Historical
Context

Earthquake
Engineering

Earthquakes

1950 Korean War begins
1952 post-World War II occupation of Japan by US ends
1954 first widely known film by Kurosawa Akira, “Seven Samurai
1955 first Sony transistor radio
1956 first nuclear power plant in Japan
1956 first miniature consumer transistor radio by Sony
1957 first Toyota automobiles imported into USA
1959 first MITI (Ministry of Trade and Industry) national economic plan for high
technology development
1964 Shinkansen high-speed train begins service
1964 Olympics in Tokyo, architecture of Kenzo Tange becomes well-known
1973 OPEC oil embargo following Yom Kippur war
1989 beginning of long recession, end of “bubble” economic times
1989 Emperor Showa (Hirohito) dies and is succeeded by Akihito (Heisei imperial reign)
2000 Japanese economy second largest in world, largest manufacturer of automobiles
2000 population of Tokyo 12 million, Japan 127 million
1950 Building Standard Law earthquake regulations revised
1951 Hiroshi Kawasumi publishes expected shaking intensity map used in building code
1953 T. Mogami and K. Kubo publish “The behaviour of sand during vibration”
nd
1960 2 World Conference on Earthquake Engineering, Tokyo and Kyoto
st
1960 1 edition of IAEE Earthquake-Resistant Regulations: A World List
1961 SERAC computer at University of Tokyo
1962 International Institute of Seismology and Earthquake Engineering
1963 International Association for Earthquake Engineering established
1963 Kiyoshi Muto (1903-1989) retires from U. of Tokyo to establish Muto Structural
Dynamics Research Institute at Kajima Company
1965 Building Center of Japan established
1968 Kasumigaseki Building first high-rise (36 stories) in Japan
1968 Japan Meteorological Agency tsunami warning system begins
1971 Building Standard Law seismic regulations revised
1978 Large-Scale Earthquake Countermeasures Act
1979 Building Research Institute and Public Works Research Institute relocate to new
facilities in Tsukuba
1979 US-Japan Cooperative Research Program Utilizing Large-Scale Test Facilities
begins first phase
1996 K-Net begun by NIED, 1000 strong motion stations completed by 2000
1999 construction of E-Defense shake table facility in Miki City begins
1964 June 16 Niigata Earthquake, 26 fatalities M 6.8
1968 May 16 Tokachi-oki Earthquake, 52 fatalities, M 8.3
1978 June 12 Miyagi-ken Earthquake, 22 fatalities, M 7.4
1993 July 12 Hokkaido Nansei-oki Earthquake and Tsunami, 330 fatalities, M 7.7
1995 January 17 Great Hanshin (Kobe) Earthquake, 5,512 fatalities, M 6.9
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Figure 2-1.

Life Span Chart
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Lord Kelvin (1824-1907)
Thomas Corwin Mendenhall (1841-1924)
Edmond Morell (1841-1871)
William Edward Ayrton (1847-1908)
Henry Dyer (1848-1918)
John Milne (1850-1913)
Thomas Gray (1850-1908)
John Perry (1850-1920)
Joseph Conder (1852-1920)
Seikei Sekiya (1854-1896)
Dairoku Kikuchi (1855-1917)
James Ewing (1855-1935)
Bunjiro Koto (1856-1935)
Aikitu Tanakadate (1856-1952)
Cargill Gilston Knott (1856-1922)
Fusakichi Omori (1868-1923)
Naomasa Yamasaki (1870-1929)
Akitune Imamura (1870-1948)
Kyoji Suyehiro (1877-1932)
Tachu Naito (1886-1970)
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Hiroshi Kawasumi (1904-1972)
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Conclusion
We began this review of the history of earthquake engineering in Japan in its formative years in
the 1850-1900 period. I concur with others who have looked at the historical aspects of
earthquake engineering that as of the turn of the nineteenth-twentieth century, Japan was
preeminent in the field. Italy was to produce advances soon thereafter, following the 1908
Reggio-Messina Earthquake, and had earlier pioneered seismology, field studies of earthquakes,
and building code regulations. Several other countries did not greatly accelerate their progress till
the 1930s. Still other major countries with high seismicity did not begin that development till the
1950s or later, and there are still numerous instances of countries with moderate to high
earthquake vulnerability that have not yet made sustained, rapid progress in earthquake
engineering.
In the 1900-1950 period, Japan experienced the setback of World War II, with engineering
talents and resources focused on military projects, then the war in the Pacific, then defeat.
Recovery after devastating defeat in a massive war has seldom been as rapid and vigorous as it
was in Japan in the latter half of the twentieth century, and earthquake engineering was a
beneficiary of that era of a rising economic tide. The themes of the 1800s were continued and
found fertile ground in which to grow in the 1950-2000 period – seismological investigations
paired with engineering applications, development of seismic provisions for buildings and civil
engineering structures, leadership of the field by individuals who were as prominent in their
academic roles as they were in the practice of engineering, strong government research
laboratories and research programs as well as similar programs in academia. As the 1950-2000
period ended, Japan was in a different relative international position than a century earlier,
because a number of other countries had by then become conversant with the latest earthquake
engineering knowledge and technologies. However, the position of Japan was similar to a
hundred years previous, in that it was still a place to which one must go and from which one
must learn to feel the pulse of the earthquake engineering field and to keep up with its latest
developments.
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