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On Shifting Ground:
Earthquakes, Retrofit and Engineering Culture

in California
by

Benjamin Hayden Sims
Doctor of Philosophy in Sociology (Science Studies)
University of California, San Diego, 2000

Professor Steven Shapin, Chair

This thesis focuses on changes in seismic design and retrofit methods at the California
Department of Transportation (Caltrans) from the 1970s through the 1990s, situating
them in relation to the wider social world of earthquake engineering in California. In
particular, it examines the connection between retrofit technology and definitions of
seismic risk, the relationship between formal codes and design practice, the incorporation
of the results of academic research into design practice, Caltrans’ use of peer review
panels, and the power of the engineering profession in relation to the news media and
the state.

This material is used as the basis for an argument that scientific and technical
work depends on a division of labor between work settings and people with expertise in
different areas, but at the same time requires coordinated activity across these divisions.
This coordination is facilitated largely by face-to-face interactions and collaborative work
efforts that make the skills and knowledge gained in particular work settings relevant to
larger arenas of technical practice. During the 1990s, Caltrans engineers faced a period
of particularly rapid change in design practice. In such situations, personal interactions
take on a particularly prominent role in coordinating the design process because codes
and other formal modes of regulation are slow to adapt.

The thesis concludes by examining the implications of the increasing preva-

lence of retrofit and renovation projects in civil engineering. Unlike the design of new
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structures, in which technology seems relatively flexible, such projects demonstrate the

degree to which existing infrastructure may constrain our future technological choices.
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Chapter 1

Introduction

If one had to pick just two defining motifs that run through life in California,
one might do well to choose these: earthquakes and freeways. Nowhere else in the world
are freeways a more integral part of culture than in California. There are more freeways,
bigger freeways, better freeways in California than anywhere else, and fewer alternatives
to taking the freeway. Though seismologists warn that earthquakes can happen all over
the United States, and there is surely an enduring fascination with such disasters in our
popular culture, there is nowhere else in the country where earthquakes have entered
into political discourse, professional work, and public consciousness the way they have in
California. When earthquakes and freeways come together violently, as they did in the
1989 Loma Prieta (San Francisco Bay Area) earthquake, the result is a major cultural

event.

1.1 Caltrans and Loma Prieta

As a sociologist interested more in the dynamics of scientific and technical work
than in the broad interpretation of culture, I have channeled my desire to understand
the significance of both freeways and earthquakes into a study of the practice of earth-
quake engineering, and specifically of one institution where these two entities routinely
coincide: the California Department of Transportation (Caltrans) — in particular, its

structural design and earthquake engineering units, where engineers analyze and design



the bridges, overpasses, ramps, and viaducts (elevated structures that carry freeways
over city streets) that tie the freeway system together. Not surprisingly, Caltrans is
known as the most sophisticated state transportation department in the nation where
earthquake engineering standards are concerned.

For the past 30 years, seismic safety has been one of the central challenges of
engineering practice at Caltrans. This thesis focuses on one watershed event in this time
span, the Loma Prieta earthquake. When it struck on October 17, 1989, this tremor
caused serious damage to two Caltrans-designed structures, knocking down a segment
of the deck of the San Francisco-Oakland Bay Bridge and causing the collapse of a long
section of the double-deck Cypress viaduct in Oakland, which killed 41 people. These
disasters created a political controversy that carried on intensely for a number of weeks,
then rapidly faded. The investigation into Caltrans actions was delegated to a panel
composed largely of engineers.

The political controversy and subsequent investigation had two major impli-
cations for Caltrans. First, the earthquake provided justification for funding a massive
program to “retrofit” thousands of older bridges to current seismic standards. Caltrans
engineers had been working on such a program since the 1970s, when a large earth-
quake near Los Angeles damaged some freeway structures and demonstrated a number
of deficiencies in existing design practices. This led to a period of rapid development in
earthquake engineering at Caltrans that continued until the Loma Prieta quake. There
had been little funding for retrofit work before Loma Prieta, so the process had gone
rather slowly. Now Caltrans engineers were given abundant funding, but with the de-
mand that all retrofit work be done very quickly. The 1994 Northridge earthquake in
the Los Angeles area added to this sense of urgency. The result was a huge amount of
design work, and Caltrans engineers were forced to make fundamental changes in the
way the design process was managed in order to keep up.

The panel also recommended that Caltrans institute procedures for “peer re-
view” of its design standards and of specific projects by outside experts, including both
practicing engineers and university professors. A period of intense interaction between

Caltrans engineers and academic researchers followed, in which Caltrans funded a great



deal of research and included researchers in the design process as participants in peer
review panels. This interaction generated an influx of new knowledge and new analytical
methods into the design process at a time when designers were already faced with a huge
amount of retrofit work. The rapid introduction of new design approaches meant that
they could not be integrated into design codes quickly enough, so Caltrans engineers had
to fall back on more informal ways of regulating the design process.

Caltrans structural engineers have different levels of training and experience,
and different positions within the organization. The largest number work in several
“design sections” in the Division of Structures and are responsible for most routine
design work. Most of these engineers have bachelor’s degrees, but a few have Ph.D.s and
tend to play a larger role in the application of complicated analytical tools to design.
There have been a number of more specialized units over the years. The most prominent
of these during the 1990s was the Office of Earthquake Engineering. Now called the
Division of Earthquake Engineering and Design Support, this group employs a number
of engineers who either have training in earthquake engineering or complex structural
analysis — often at the Ph.D. level — or extensive practical experience. The engineers
in this office are the focus of the portion of this dissertation that deals with Caltrans
design practice.

The time period I focus on here was one of rapid change in the social context
of civil engineering in California, particularly at Caltrans. This turbulent era exposes
important aspects of civil engineering practice and its relationship to society at large
that might be less visible under other circumstances. In relation to design, it brings out
the tension that often exists between formal rules of practice, such as codes, and the less
formalized knowledge and skills that are necessary to carry out any particular design
task. At a professional level, it focuses attention on the relationship between researchers
and practicing engineers, and on the differences between academic knowledge and the
working knowledge of practitioners. Finally, it raises questions about the dependence
of the engineering profession on the State and about the political uses of engineering

expertise.



1.2 The structure of the thesis

This work describes and analyzes the social world of earthquake engineering,
particularly as it exists within the state of California and in relation to the design of
freeway bridges. The concept of a “social world,” as elaborated by Anselm Strauss and
others, is straightforward: it refers to a group of people who participate in a common
set of activities — for example, playing bluegrass music or doing research on cancer.!
Though the concept is a simple and very flexible one, its real significance is that it
stands for a characteristic way of analyzing social life that pays close attention to the
fine differentiation of culture across interactive settings, such as workplaces and profes-
sional organizations. It looks at how social worlds, and smaller segments within these
worlds, become differentiated, how these local cultures are organized, and how people
communicate and coordinate activities between groups despite cultural differences.

In this thesis, I take a similar approach, analyzing a series of work settings and
situations in which different segments of the engineering profession come together. The
common thread is an argument about how scientific and technical work depends on a
division of labor between work settings and people with expertise in different areas, but
at the same time requires coordinated activity across these divisions. Even in this digital
age, this coordination is facilitated largely by face-to-face interaction and collaborative
work, perhaps necessarily so.

This theme surfaces differently in each chapter. Chapter 2 explains how the
participation of outside experts influenced the way earthquake risks were defined at Cal-
trans. Chapter 3 looks at how engineers maintain professional power in their interactions
with government and the news media. Chapter 4 examines the workings of peer review
panels for civil engineering projects, showing how engineers manage the tensions that
arise between the academic, private, and government sectors of the profession in a forum
that brings them into close personal contact. Chapter 5 shows how engineers within
Caltrans deploy both formal design codes and informal standards of practice to manage
change in engineering practice. Chapter 6 examines the chain of interactions across so-
cial boundaries that makes it possible to bring laboratory test results to bear on design

practice.



As this brief overview suggests, another central focus of the thesis is on the dy-
namics of social and technical change: how engineers initiate and manage rapid changes
in knowledge, practice, and codes; what happens when the structure of a social world
changes fundamentally over a short time period; and how past engineering decisions limit
our present technological choices. Accordingly, the chapters are organized to provide a
rough chronology of events. This introductory chapter discusses the more specific themes
of the thesis in the context of an argument about the nature of civil engineering and civil
infrastructure and their relationship to State power. Here and in the conclusion, the aim
is to relate what the individual chapters say about design practice to larger concerns

about the nature of technology itself.

1.3 Social studies of technology

This thesis is intended to contribute to the growing body of literature on the so-
ciology of technology. Philosophers, social scientists, and historians from various Marxist
and post-Marxist schools of thought have long studied the connections between tech-

2 More traditional historians of

nology and society from a general cultural perspective.
technology focused on the internal dynamics of technology, but since the 1960s a “contex-
tualist” approach has become dominant that emphasizes the close interactions between
internal technical factors and social context in shaping technological change.? One sub-
set of this contextualist work has focused on the construction of technological systems.
Most notably, Thomas Hughes argues that system builders — like Thomas Edison and
others who built the earliest electrical grids — must pay close attention to both the
social and technical elements of their systems if the systems are to work successfully.*
This strand in the history of technology had a strong influence on a group of
sociologists who were trying to apply to technology the insights of the “social construc-
tivist” approach to the study of science. Sociological studies in this tradition indicate
that scientific ideas are the product of social processes or, more accurately, that science
should be conceived of not only as a set of ideas but also as a set of practices dependent

on the skills and cognitive abilities of scientists and other scientific workers, the tech-

nological infrastructure and social organization of laboratory work, and a society that



provides the physical, cultural, and economic resources to support research. Those who
have used these insights as a basis for studying technology have similarly argued that
technological artifacts and knowledge about them are the product of social processes and
are tied to skills, existing infrastructure, and the organization of technical work. Going
beyond the contextualist argument from the history of technology, they have argued
not only that technical and social elements interact to produce technological change,
but that the meanings we attribute to technology, and ultimately even our assessments
about whether a technology works or not, are socially shaped. These meanings, in turn,
shape the future material development of technology.?

Sociological studies of technology that take a constructivist view can be roughly
divided into those that try to generalize about the origins and evolution of technology
through the study of particular technological artifacts, and those that try to generalize
about the nature and historical development of technological (mainly engineering) prac-
tice itself. These two types are unified by the general goal of showing that engineering
is a “heterogeneous” activity: that it is not simply about the application of engineering
technique to well-defined technical tasks, but rather depends on the manipulation of
social and technical resources to define and solve problems in new and creative ways.%

Artifact-focused studies seek to further explicate the heterogeneous nature of
engineering work by showing how engineers assemble stable networks of resources, both
within the technical work setting and in the larger social world, in order to complete
technological projects. Donald MacKenzie, for example, traces the intricately connected
political, institutional, and technical developments that shaped the history of nuclear
missile guidance technology.” Bruno Latour examines a radical light-rail system that was
never realized, in which small cars would be programmed to carry passengers directly
to their destinations without intermediate stops. He argues that the system failed in
part because project engineers and managers focused too narrowly on the technical
details of coupling and uncoupling cars, and didn’t allow themselves to be influenced
by the interests of elected officials or potential users until it was too late to save the
project.® John Law and Michel Callon try to account for the failure of a British military

aircraft project by showing how project backers sought to line up a global network of



political, economic, and technical resources in order to create a local network in which
the work of design could proceed without interference. As the project continued, though,
the separation between these networks could not be maintained. The result was that
political conflicts and design problems reinforced one another, leading to the cancellation
of the project.’

Practice-centered studies of technology draw on many of the same analytical
resources as artifact-centered studies, but they make the individual technological artifact
or project a secondary concern. Instead, they focus on the general features of engineer-
ing practice across projects, though often within a particular technical area, such as
aerospace or mechanical engineering, or within a particular organization. An example of
this approach from the contextualist tradition in the history of technology is the work
of engineer and historian Walter Vincenti. He assembles a series of case studies on the
history of design standards, the interaction between design and production, experimental
research and testing, and the development of theoretical tools in aeronautical engineer-
ing. Based on these studies, he concludes that engineering develops its own body of
knowledge (both conceptual and practical) and is not simply the application of scientific
knowledge to practical problems.!® The work of Louis Bucciarelli, an engineer trained
in anthropological methods, is more directly concerned with the design process. Based
on an ethnographic study of three design firms, Bucciarelli argues that engineers under-
stand and work with technology through individually- or collectively-constructed “object
worlds.” The design process is enabled and constrained by the contents of these worlds,
which include such things as the object being designed and its components, mathematical
models, theoretical concepts, codes and standards, and design tools including computers,
software, programming languages, graphical conventions and reference books.!' Sociol-
ogist Kathryn Henderson studied a number of engineering organizations, focusing on
one in particular that designs and produces turbines. She found that design practice
depends on a widely-held set of visual conventions among engineers, and particularly on
the frequent use of informal sketches as an aid to individual thinking and as a means
of communication between engineers. She examines the implications of computer-aided

design and manufacturing (CAD/CAM) systems for this visual culture, concluding that



excessive reliance on rigid, computerized representations of design objects can under-
mine essential informal communications among engineers and between engineers and
production workers.!?

The present thesis is, for the most part, an example of practice-centered work in
the social study of technology. Although the historical development of particular types
of technological objects is an occasional part of the story, it focuses to a much greater
extent on the institutional and organizational conditions of technical practice and on
the development of knowledge, techniques, and standards of practice in engineering. It
tries to situate engineering practice within an organizational context much more than
Vincenti’s work, but it takes a broader historical and institutional approach than do
Bucciarelli and Henderson. Because of this, it is able to address questions about the

local origins of broad changes in engineering practice that these other works have not

sought to discuss in a systematic way.

1.4 The nature of civil engineering

Definitions of civil engineering

Earthquake engineering can be described as a specialized area in the broader
field of civil engineering, even though parts of it are closely related to other fields like
mechanical engineering. Consequently, this thesis is, at the most general level, an effort
to contribute to a sociological understanding of civil engineering. When civil engineers
try to define the scope of their profession, they often resort to ostensive definitions —
lists of the things that civil engineers work on. For example, civil engineers are de-
scribed as engaged in the analysis, design and construction of “fixed works for irrigation,
drainage, waterpower, water supply, flood control, inland waterways, harbors, munic-
ipal improvements, railroads, highways, tunnels, airports and airways, purification of
water, sewerage, refuse disposal, foundations, grading, framed and homogeneous struc-
tures, buildings, or bridges.”'3 A more general description has it that civil engineers
are responsible for “massive infrastructure,” which is a particularly apt term in light of

considerations discussed below.14



The canonical view reflected in these descriptions is a relatively recent invention.
Although one can look back through recorded history and find many examples of building
projects that are similar to those civil engineers would now be responsible for, such
projects did not become the province of a single, coherent professional group until well
into the 19th century. The term “engineer” came into common use around the 15th
century, when it was used to describe the designers and fabricators of weaponry and
fortifications.'® Engineering retained its military associations until the rapid expansion
of the civilian profession in the 19th century.'® It was during this period that the term
“civil engineer” gained currency and was used to refer to any engineer not in military
service.!” Civil engineering took on its modern connotation, referring to the design of
large public works, as the outcome of intra-professional struggles in the latter part of
the 19th century.

The American Society of Civil Engineers (ASCE), the oldest of the U.S. en-
gineering societies, became a national organization beginning in 1867 and, in keeping
with contemporary terminology, “claimed to represent all American engineers not in
military service.”'® From the beginning, the Society sought to represent an elite within
engineering, restricting membership to those “in charge of engineering work” and pro-
gressively raising its requirements for full membership by increasing the number of years
of experience required.!® In part in reaction to this policy, engineers working in more
industrially-focused areas chose to create their own associations, and by the 1880s the
American Institute of Mining Engineers and the American Society of Mechanical En-
gineers were viable competitors to the ASCE. Nonetheless, at least through the end of
the 19th century, “spokesmen for the ASCE maintained that the difference between civil
and other engineers was not that between coordinate branches of engineering, but rather
between professionals and nonprofessionals.”?" In general, civil engineers tended to em-
phasize both public service and the advancement of a more technical form of engineering
knowledge, and were oriented toward professional autonomy. Mining and mechanical
engineers were more concerned with practical knowledge, more business-oriented and
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consequently less interested in professional autonomy.“* The civil engineers confronted

a rising tide, however, as the other branches of the profession themselves became more
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exclusionary and technical, and as general use of the term “civil engineer” shifted toward

an association with particular technologies, namely massive public infrastructure.

The engineering of massive infrastructure

While it is difficult to draw any hard-and-fast distinctions between civil engi-
neering and other branches of the profession, there are significant features of the engi-
neering profession that seem to come out particularly strongly in civil engineering work.
Civil engineering is centrally concerned with the design and maintenance of infrastruc-
ture. Infrastructural technologies are those that are necessary for carrying out a range
of other social or technical activities. They generally appears to us as transparent means
to other ends, and as a result tend to be less noticed and less analyzed than some other
technologies. Of course, it is part of the very nature of technology that we use it as a
means to carry out further activity. Infrastructure is not unusual in this respect, yet it
can be distinguished from other technologies in a loose way in terms of the range of ac-
tivities it enables.?? Freeways and mass transit systems, for example, provide for a basic
mobility that becomes engrained in the ways we organize our lives. When an earthquake
shuts down the Bay Bridge in San Francisco, thousands must figure out, perhaps for the
first time in their lives, how to get to work on public transit; if transit facilities were shut
down as well, many would hardly be able to make it to work at all. If phone lines go out,
it becomes a challenge to coordinate even the most basic social activities. When water
lines are being repaired, we go through our daily activities, finding ourselves constantly
and unexpectedly reminded of the small but essential ways the instant availability of
clean water has worked its way into habits and routines.

Civil engineering is certainly not unique in dealing with infrastructure. The
engineers and technicians who design the vast data-transmission networks that make the
internet and other communications technologies work, for example, would not be consid-
ered civil engineers, though the object of their efforts is clearly a form of infrastructure.
What distinguishes civil engineering in many cases is the sheer bulk of the infrastructure
it is concerned with. A power grid or telephone system can have vast, even global, scope.

However, at a local level, parts of the network can be almost inconsequentially small and
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vastly stretched out. In contrast, buildings, bridges, highways, dams and the like phys-
ically dominate the landscape and dwarf the human form in every location where they
appear. This kind of infrastructure is also sometimes tied together into large networks,

like road systems, but its distinguishing characteristic is that it is locally massive.

Local engineering

This may seem to be a trivial point, a distinction in degree rather than in kind,
but in fact it has fairly deep implications for the nature of civil engineering practice.
Because they are so locally massive, civil engineering projects often engage the natural,
technological and social landscape in a much more direct and significant way than other
infrastructural efforts.?? Civil engineering projects are almost always rooted in the earth
or joined to other structures that cannot easily be modified. Civil engineers must find
ways to ensure that these junctions are harmonious. The flourishing specialty of geotech-
nical engineering, for example, focuses entirely on the connection between structures and
the rock and soils beneath them. To borrow a technical term, one of the key charac-
teristics of civil engineering practice is that each design project, no matter how routine,
has to take into account local “boundary conditions” to an extent that is uncommon in
other fields.

Of course, all engineers have to deal with boundary conditions in some sense.
The designer of office furniture may go to great lengths to understand the characteristics
of the human body that a chair must conform to. Similarly, an aeronautical engineer must
take interactions between the skin of a plane and the air into account, and the designer
of a telephone must ensure that it can be plugged into and successfully interact with the
existing telephone system. But these boundary conditions are all global in character,
based either on empirically observed regularities in nature or on the standardization of
existing systems. Civil engineers are unusual in the extent to which they have to deal
with boundary conditions that are specific to a particular location. The enormous dams
of the American west, for example, have undoubtedly caused tremendous damage to the
landscapes around them, but at the same time each dam emerges out of the surrounding

rock in an oddly organic way. Similarly, a subway tunnel must fit in with the particular
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layout of underground utilities and take into account the geological conditions along
its path. An office chair or a 747 does not need to fit into a specific landscape in this
way, though it may need to fit into certain generic landscapes, like carpeted floors or
runways.?4 Structures that civil engineers design are almost always site-specific in some
way.

Civil engineering projects also engage the social landscape particularly directly.
They typically are intended to serve the needs of society at large, or embody a vision of
how society might be improved. Because of this, civil engineers devote a good deal of
effort to trying to understand social conditions, at least insofar as they are related to the
technical problems at hand. Freeway designers, for example, do studies of commuting
patterns and driver behavior, develop computer models of traffic flow, and try to antic-
ipate population trends. When they are built, civil engineering projects can transform
the social fabric in dramatic ways that are not necessarily considered by designers. In
many cities, freeway construction has involved condemning large numbers of residences,
causing fundamental changes in the character of urban neighborhoods while encouraging
the rapid growth of suburbs. The political controversies that sometimes erupt around
civil engineering projects are one indicator of their tremendous impact on local ways of

life.

Local problems and global standards

One consequence of the site-specific nature of most civil engineering projects is
that only a limited degree of standardization is possible between products. With most
engineered products, like microwaves, automobiles, or airplanes, many identical (or nom-
inally identical) copies are manufactured based on a single design. In civil engineering,
each product is typically designed individually and produced only once, even if some
general features and parts are standard. Yet civil engineers, like other engineers, usually
want their products to measure up to certain universal standards, whether for aesthetic
consistency, efficiency, or in the interests of safety. Because each structure they produce
is necessarily unique in some way, civil engineers must find ways to standardize design

practice if they are to maintain consistency between products. True, design must follow
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certain standards in any engineering field, but this issue takes on particular prominence
in civil engineering.

There is always a certain degree of tension between universal standards and
the application of engineering expertise to particular projects. Advances in engineering
practice frequently originate in the interaction between the two. In civil engineering,
universal standards are usually embodied in design codes. Codes are formalized docu-
ments that specify basic functional requirements, standard details and dimensions, and
methods for performing design calculations, and often provide charts and tables to sim-
plify these calculations. They can be enormous, tediously detailed documents, but even
the most detailed code is necessarily an abstraction. Codes can never provide a complete
set of rules that capture the design process in all its complexity, nor are they intended
to. To figure out how they apply to a given design task, engineers must always interpret
codes in light of their own knowledge, skill and experience. After years of use, designers
learn to depend on them as an integral part of the creative process.?

Codes are usually not completely static, however. Over time, the small in-
novations that engineers come up with in the course of applying the code to particular
projects feed back into newer versions, which then push design practice in new directions.
New theoretical developments and experimental results work their way in as well. But
codes are generally conservative documents that tend to change only slowly. They must
satisfy a range of users, so they tend to rely on tried-and-true methods that everyone
agrees on and is used to, and are slow to incorporate cutting-edge technical develop-
ments, particularly when those developments are a radical departure from past practice.
The introduction of new material is further complicated by the complexity of codes and
the interdependence of their provisions, which means that changes made in one section
may have implications throughout the document. As long as the unformalized aspects of
engineering practice evolve slowly, they remain in a kind of equilibrium with code provi-
sions, each supporting the other through long cycles of change. But problems arise when
there is a radical shift in the basis of engineering practice, for example when an existing
engineering theory is discredited in favor of a new one. Even if engineers are able to

quickly put the new approach into practice, codes can be slow to catch up. How, under
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these circumstances, are the practices of designers to be regulated and made consistent?

Caltrans engineers faced just such a situation in the 1990s as radically new
methods were introduced into their design practice by outside peer reviewers, particu-
larly university engineering researchers. Caltrans engineers responded to the increasing
irrelevance of codes to design practice by falling back on other modes of professional reg-
ulation that are usually overshadowed by formal codes. In particular, they responded by
increasing reliance on face-to-face interaction throughout the organization. Peer review-
ers interacted intensively with the designers on particular projects. Different groups of
designers held more meetings with each other. Retrofit design projects were coordinated
by a small group of engineers who met with each design team personally to ensure that
they were following consistent procedures. Finally, certain people inside and outside the
organization became centralized sources of information and advice that most designers
attended to. The suggestion here is not that these more personalized ways of regulating
practice are unique to situations of rapid change, but rather that they represent an im-
portant aspect of normal engineering practice that comes out more strongly under such
circumstances.

As time went by, more and more of the new techniques were incorporated into
informal papers and memos that circulated among designers, and computer programs
that automated elements of the new methods. These informal documents are gradually
being put together into new codes. Examination of this process illuminates some of the
strengths and weaknesses of both formal and informal mechanisms for regulating design
practice. Because they are formal and have sanctions attached to them, codes are much
better than other mechanisms at making sure every designer follows certain minimum
standards. The danger, however, is that certain engineers may apply them without great
insight, following just the minimum standards instead of doing the best work possible.
More informal, personalized approaches may not reach every designer. Yet those who
are influenced may gain a deeper and more flexible understanding of design principles
through more regular interactions both with experts in a particular area and with their
immediate colleagues.

Since the 1970s, the civil engineering profession has sought to capitalize on
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some of the strengths of more personal modes of regulation by promoting “peer review”
of professional practice. This most often takes the form of project peer review, where a
group of outside engineers is brought in to assess the work of the project design team.
At Caltrans, such peer review panels are often intensively involved in overseeing the
design process, meeting monthly or sometimes even weekly throughout the course of a
project. The idea is that the experienced engineers on the peer review panels will bring
their accumulated wisdom to bear on each project, ensuring that the designers don’t just
follow minimum standards, but produce the best design possible given the constraints
at hand. Instead of working to an impersonal set of rules, the designer must work to
satisfy his or her most respected colleagues.

While such interactions strengthen the sense of community in the profession,
and may help protect it from outside oversight, they are something of a departure from
the usual social interactions between engineers, and as a result create tension between
designers and reviewers. Of particular concern is the possibility that reviewers might try
to take over the design process from those they are reviewing, encroaching on their pro-
fessional autonomy and making them look incompetent in front of colleagues or clients.
To address this concern, peer reviewers are often selected for their social skills and ability
to maintain a disinterested attitude, and try to manage their actions so as to appear
particularly objective and sensitive to the concerns of the designers. These tensions are
part of a broader, but usually latent, conflict between individual engineers’ responsibility
to the profession and their responsibility to clients and organizations in which they work.
Peer review provides a forum in which this conflict can be addressed through personal
interaction.

Engineering, perhaps more than any other profession, has been associated with
the modernist impulse to transform the world according to principles of reason, ignoring
tradition and historical precedent wherever they conflict with this goal.?6 It is often
stereotyped as a calculative, impersonal profession, characteristics that are embodied
in its reliance on formal codes and procedures. These associations tend to obscure
the fact that engineering practice is, in fact, highly dependent on personal interactions

and teamwork, mainly because engineers face more complex problems and employ more
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broadly distributed problem-solving approaches than many other professionals. If codes
are more prevalent in engineering, it is in part because of the need to manage this kind of
complexity. Codes, in any case, are not simply the products of rational calculation; new
methods are gradually incorporated into practice and checked against experience and
precedent. The rise of peer review suggests that the engineering profession is actually
becoming less dependent on codes and moving toward more personalized, collegial forms
of oversight. To gloss over these points is to fundamentally misunderstand the nature of

engineering, technology, and even modernity itself.

Civil engineering and State power

While most of this dissertation focuses on the technical setting of engineering
practice, it is also important that the group of engineers at the center of the story are
employees of, or consultants or advisors to, a government agency. In addition, many
of the changes in practice described were made in response to intense political scrutiny
following an earthquake that damaged State-owned structures.?” To put engineering
practice in its proper context, in this case, we have to ask why the State should be
concerned at all with civil engineering.

Part of the answer has to do with the way civil engineering projects fit into
and yet dramatically transform local landscapes. Historically, as Chandra Mukerji has
argued, this has made both civil and military engineering projects important tools in
establishing State control over territory. Before the 17th century, State power in Europe
extended mainly from widely scattered centers whose influence declined with distance.
But as the century progressed, and wars were fought, the modern concept of the State as
a territorial entity that exercises control within well-defined national boundaries began
to take hold. In France, this ideal was realized through the transformation of the land-
scape by enormous engineering projects, including military fortifications, canals, roads,
and bridges. These projects enabled France to mobilize fields and forests for economic
and military purposes while serving as “grand and clear” markers of national bound-
aries, reminding the citizenry of the power of the State throughout its territory, and

transforming the landscape so it appeared to be distinctively and naturally French.?®
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For similar reasons, States remain concerned with these sorts of infrastructural
projects, which are now largely the province of civil engineers. In the U.S., the Interstate
Highway System is a good example. The system was conceptualized largely at the federal
level with both military and economic concerns in mind. Military planners sought to
emulate the German Autobahn system, arguing that a network of high-speed roads would
be crucial to the defense of U.S. territory in a coming land-based war, and later that
it would be necessary for the evacuation of cities in the event of a nuclear attack.?”
Others saw a new freeway system as a key to future economic growth, as existing roads
were increasingly unable to handle the rapid expansion of commercial and private vehicle
traffic resulting from the post-World War II economic expansion.3”

The system was loaded with national symbolic significance from the beginning.
Supporters played on its patriotic implications as a marker of American resourcefulness
and progressivism, and on its support of American ideals of individualism and mobility.3!
Highway engineers adopted the aesthetic stance of the “parkway” movement of the 1930s
and 40s, which saw roads as a way of enhancing people’s experience of the natural
landscape and sought to create a harmonious relationship between road alignments and
geographical features.?? Interstate highways at least ideally gave all Americans equal
and democratic access to the land within national borders. Because they offered limited
access and bypassed existing roads, the Interstates laid the ground for the development
of generic roadside “strips,” replete with chain stores and restaurants, that are now one
of the most characteristic features of the American landscape. As Phil Patton notes,
highways have become “as close as anything we have to a central national space” —
though presumably in a cultural rather than a purely geographical sense.??

The Interstate Highway System also illustrates some of the weaknesses and con-
tradictions of State power in the contemporary U.S. context. Although the program was
initiated at the federal level, its actual implementation escaped centralized control. Nu-
merous special interests had to be satisfied — farmers, urban businessmen, truck drivers,
for example. Classic conflicts between state and federal power emerged, particularly in
light of the fact that the federal government is not, strictly speaking, constitutionally

authorized to build roads. As a result, the Interstate program emerged as a system for
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federally funding highway construction, leaving the actual design and choice of routes
to the states, within certain broad federal guidelines.** As the new freeways began to
penetrate cities and displace neighborhoods in the 1960s, local discontent emerged, and
some local governments successfully mobilized against federal and state highway plans.3?

As this example illustrates, civil engineering projects in the contemporary U.S.
context have been seen as means for marking and controlling territory, as indicators of
State power in local settings, and as symbolic expressions of American identity and ideals.
But engineering is not a straightforward vehicle for State power in this setting as it was
under the absolute monarchy of Louis XIV. When civil engineering projects are seen as
symbols of State power, more often than not it is in the context of local political resistance
to state and federal plans. Still, people seem to view these projects as a legitimate and
necessary functions of the State, and failures of civil infrastructure are often taken to
be clear, nonpolitical indicators of bad government. Finally, because engineering is
regulated largely at the state level, and many large projects are carried out by states
rather than the federal government, the relationship between civil engineering and the
State in the U.S. context is sometimes more accurately characterized as a relationship
between civil engineering and the states.

The State also makes use of civil engineers in their capacity as expert advisors,
in much the same way as it makes use of scientific advisors. Although it funds scien-
tific research, the government grants considerable autonomy to the scientific community,
allowing its members to regulate the quality of research and the allocation of funding,
within certain boundaries, through processes of peer review. In return, scientists pro-
vide the government not only with research products that have military and economic
implications, but with expert advice for making policy. Their status as independent
experts is used by the government to lend legitimacy to its decisions, and because of
this scientists are sometimes able to have significant impact on policy choices.?® But
scientists’ autonomy in this area is limited because the government controls the arenas
in which their advice is given.3”

Many engineers, particularly civil engineers, are likewise dependent on govern-

ment funding or government employment, both as designers and as academic researchers.
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They are granted considerable autonomy to regulate their own professional practices and,
in the academic context, to allocate research funds and evaluate research results. They
provide the government with concrete products by designing and doing research on in-
frastructure with military and economic implications. Increasingly, civil engineers are
being called upon to serve on advisory panels which review design and construction prac-
tices for government agencies. Like their scientific counterparts, the engineers on these
panels have a certain amount of power to effect change, but the government is ultimately
in control of the arenas in which they participate. As a result, their participation as ad-
visors can lend legitimacy to government decisions even if they do not completely agree

with those decisions.

1.5 Earthquake engineering

Development of a professional field

The first efforts to systematically understand earthquake damage to buildings
and other structures took place in Japan, beginning in the late 19th century. By the
1920s, Japanese engineers had worked out a basic principle of many later codes, suggest-
ing that buildings be designed to stand up to a horizontal force equal to some percentage
of their weight.?® Interest in earthquake effects picked up in the U.S., specifically in Cali-
fornia, after the 1906 San Francisco earthquake, through the creation of the Seismological
Society of America.? Among engineers, significant interest began to develop in the U.S.
after the devastating 1923 earthquake in Tokyo, which was followed by a smaller quake
in Santa Barbara in 1925.4° A group of California civil engineers invited Kyoji Suyehiro,
a top earthquake researcher from the University of Tokyo, to present several lectures on
seismic design. Subsequently, these lectures and other works by Japanese researchers

41 Japanese-

were published and widely circulated among civil engineers in the state.
inspired approaches were gradually incorporated into California design regulations, par-
ticularly following the 1933 Long Beach earthquake, which damaged a number of public
schools and prompted state legislation specifying seismic requirements for schools and

other buildings.*?
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Some of the early experimental research in earthquake engineering in Califor-
nia was done by practicing engineers working independently in garages and basements.?3
During the 1930s, researchers were also beginning to become established at academic in-
stitutions. Theoretical and experimental work on the dynamic behavior of structures was
pushed forward by groups at Stanford University and the California Institute of Tech-
nology (Caltech). Researchers at Caltech pioneered the spectral analysis of earthquake
records, which were just becoming available as seismographic instruments became more
common. This type of analysis enabled engineers to determine how much a building with
a certain fundamental period of vibration would move in response to an earthquake, and
is still widely used. Because of the ready availability of fast computers, the necessary
spectral calculations are now routine, but at the time researchers had to rely on laborious
mechanical methods.** The results of this research informed design codes in California
beginning in the 1940s.4

The institutional basis for the current professional specialty of earthquake engi-
neering was laid down in the late 1940s and 1950s. During the 1930s, California engineers
had formed the Structural Engineers Association of California to address engineering con-
cerns particular to the state. Beginning in the 1950s, this organization developed and
published influential seismic design criteria that formed the basis of many subsequent
codes.®6 In 1949, a small group of California engineers formed the Earthquake Engi-
neering Research Institute (EERI), initially to try to raise money for the installation of
seismographic instruments so that more earthquake records could be obtained, and to
obtain research funding in general.*” The Institute began with 12 members, and at first
expanded slowly and by invitation only.*® In 1956, it organized the first World Con-
ference on Earthquake Engineering. The conference drew about 140 participants from
earthquake-prone countries around the world, and 40 papers were presented. In 1960,
a Second World Conference was held in Japan, and the Japanese initiated the Interna-
tional Association for Earthquake Engineering. This group became an umbrella society
encompassing many national earthquake engineering societies, including the EERI, and
sponsored future World Conferences on Earthquake Engineering.*? By the 1990s, each

of these conferences was attracting well over 1000 papers. The EERI adopted an open
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membership policy in the 1970s, and its membership now exceeds 2,000. Although the
Institute has continued to fund research, it now functions as something of a professional
society for both practicing engineers and academic researchers in earthquake engineer-
ing and produces numerous publications and reports, including the journal Earthquake

Spectra.®®

The rise of State interest in earthquakes

During the 1960s, the federal government began to take an interest in earthquake-
related matters. Partly, this had to do with the federal government’s increased funding
of scientific research and greater reliance on expert advice in the post-World War 1I era.
Engineering found a place in Washington in 1964 through the creation of a National
Academy of Engineering to complement the existing National Academy of Sciences.’!
Cold War fears and the development of nuclear technologies were also important. In the
early 1960s, the Department of Defense began to heavily fund seismological research in
order to develop methods for detecting nuclear blasts. It also funded research to inves-
tigate the potential structural effects of U.S. nuclear testing in Nevada on buildings in
Las Vegas.”?> At the same time, the Nuclear Regulatory Commission started supporting
research in engineering, geology, and seismology in order to develop better methods of
assessing the earthquake risk to nuclear power plants.’® Finally, the Defense Depart-
ment, and later the National Academy of Sciences, sponsored a great deal of research
on the effects of natural and technological disasters on urban environments, as analogs
to a nuclear attack. Through these various efforts, disaster research was established as
a legitimate concern of the federal government.?*

These developments coincided with a huge 1964 earthquake in Alaska. Along
with a smaller earthquake in the San Fernando Valley near Los Angeles in 1971, this was
a watershed event that sparked increased government attention to earthquakes during
the 1970s, culminating in the passage of legislation creating the National Earthquake
Hazards Reduction Program (NEHRP) in 1977.°> This program distributed responsi-
bilities among several federal agencies. The Federal Emergency Management Agency

coordinated the program and managed earthquake preparedness and local mitigation
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efforts, such as implementing stricter building codes and retrofitting existing structures.
The U.S. Geological Survey supported research in seismology, while the National Science
Foundation (NSF) and the National Institute of Standards and Technology (NIST) took
the lead in funding engineering research and the development of new code approaches.?®

The original NEHRP legislation put more emphasis on seismological research
than on other elements of the program, specifically focusing on prospects for predicting
earthquakes. At the time, many seismologists felt confident that a 5- or 10-year research
program could lead to accurate predictions, and this possibility seems to have motivated
many members of Congress to support the legislation.’” The prominence of prediction
was enhanced by the lead role taken by presidential science advisor Frank Press, a geol-
ogist, in shaping discussion of the earthquake problem in government circles during the
1960s and 70s. Earthquake engineering advocates did not have this prominence, but were
able to realize elements of their agenda in the legislation.’® Funding through NSF and
NIST was the basis for the expansion of earthquake engineering programs at universities
in California during the 1970s and 1980s, particularly at U.C. Berkeley, and at univer-
sities around the country, most notably the State University of New York at Buffalo,
where the NSF-funded National Center for Earthquake Engineering was established.?

Meanwhile, in California, a number of policy documents and legislative initia-
tives appeared in the wake of the Alaska earthquake. State Senator Alfred E. Alquist
took an interest in seismic issues as a result of some of these reports, and took the lead
in setting up a joint legislative committee to examine earthquake hazards in 1970. In the
wake of the 1971 San Fernando Valley earthquake, Governor Ronald Reagan’s adminis-
tration established the Governor’s Earthquake Council. The joint legislative committee
wrapped up its business in 1974, producing an influential report which recommended,
among other things, the creation of the California Seismic Safety Commission to continue
the work of the committee and the Governor’s Earthquake Council. The Seismic Safety
Commission continues to play a major role in promoting legislation on earthquake safety
and planning issues in the state.%°

Earthquakes are seen primarily as a threat to existing civil infrastructure. No

wonder, then, that the politics of the earthquake threat have been driven by many of the
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same factors that shape large-scale civil engineering projects. Government funding of
research and mitigation efforts stemmed initially from military concerns, and later was
justified in economic terms and in terms of saving lives, but with military motives never
far out of the picture — just as in the case of the Interstate system. Highways and other
large engineering projects are central to State control of territory for both military and
civilian purposes, and therefore must be protected from disaster.

The politics of earthquake risk also embodies a characteristic tension between
state and federal control. As sociologist Robert Stallings notes, advocates of the NEHRP
legislation had to make a major effort to convince members of Congress that earthquakes
were a national problem, not just limited to California, in order to pull enough votes
together. In addition, the NEHRP’s emphasis on developing strategies for mitigating
earthquake risk can be seen as a federal effort to place the financial responsibility for
disasters more at the state level, since the states are ultimately responsible for building
codes, retrofit programs, and the like. Many states would prefer to rely on federal
disaster aid after the fact than make massive investments of state funds in advance.%!
California’s more active approach to addressing earthquake hazards has been something
of an exception to this rule.

Californians expect, almost as a matter of faith, that the state will protect vi-
tal infrastructure from earthquakes. This faith generally leads to a certain complacency
about the earthquake threat among the general public. The other side of the coin, how-
ever, is that when earthquakes do cause damage to civil infrastructure, especially with
loss of life, people initially respond with incomprehension and outrage. The reaction
of politicians, the news media, and the public to damage caused by the Loma Prieta
earthquake followed this model. Initial assessments assumed that some sort of blatant
misconduct occurred, involving either shoddy engineering practices, construction mis-
takes, or lack of concern about structures known to be in imminent danger of collapse.
Much of the initial scrutiny, therefore, fell on Caltrans engineers, with politicians vowing
to get to the bottom of the problem. Once Caltrans engineers were able to gain access to
the media, however, a different story emerged of an agency strapped for funds with lit-

tle support forthcoming from the governor or legislature for necessary seismic upgrades.
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From this point onward, the media reported the issue as a standard political controversy,
and substantive questions about how Caltrans ought to conduct its design and retrofit
efforts were left for the engineering profession to resolve.

The politics of earthquake engineering issues seems to be dominated by techni-
cal experts to an even greater extent than general civil engineering issues. Most of the
political activity surrounding civil engineering projects has to do with issues of funding or
siting rather than technical feasibility. Code requirements that deal with gravity loads or
simple structural details are usually based on many generations of experience, and often
may be understood by people without specialized training in engineering. Earthquake
engineering requirements, by contrast, are based on extremely complex analytical meth-
ods and experimental research that requires a great deal of expert interpretation to be
understood by people without technical backgrounds. Earthquake engineering as a field
is also presently in a state of constant flux. Many theories on how to design earthquake-
resistant structures are relatively new, and there is still no overwhelming consensus about
what approach is best either within the academic community and between researchers
and practicing engineers.

This lack of consensus might make earthquake engineering issues vulnerable to
“deconstruction” in political arenas, as has happened with many environmental issues.%?
In general, though, earthquake safety has not been a particularly salient political issue,
even in California, and political actors seem to prefer to let the earthquake engineering
community deal with technical problems internally.®® Accordingly, the issues raised by
the Loma Prieta earthquake were turned over by the political establishment to a board
of inquiry composed mainly of engineers. In the end, political discussion focused mainly
on the issue of funding. In many cases, defining a problem as technical and delegating
its solution to a professional forum is a way for politicians to isolate themselves from
debates that could potentially be politically explosive. A group of technical experts can
usually be relied upon to reach consensus where a more political process might generate

further controversy.
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Research, design practice, and earthquake risk

The funding provided by NEHRP spurred a boom in earthquake engineering
research and the development of a number of new approaches. Early research on the
dynamics of building shaking had assumed elastic behavior, as if a building vibrated
like a tuning fork in response to an earthquake (though much more slowly, and with
much more complex motion). But a structure can actually absorb a great deal more
earthquake energy than these models suggest if it is able to deform beyond an elastic
state without suffering too much damage. The ability to do this, called ductility, became
a new focus of research beginning in the 1960s. Steel is a naturally ductile material, but
some engineers had doubts about concrete. This led the Portland Cement Association
to sponsor fundamental work on the use of steel reinforcement to make concrete more
ductile.5* This was the first in a long line of research on the ductility of concrete,
involving a great deal of laboratory testing, that is only now being incorporated into
codes in a comprehensive way. Improvements in computer technology seem to have been
the impetus behind a number of other developments in the field, including improved
elastic models; finite element analysis, where a structure is modeled as an aggregate
of many tiny material elements; and time-history analysis, which enables engineers to
calculate the movement of a structure in tiny time increments without having to assume
elastic behavior.5?

There is a big jump to be made, however, between coming up with new meth-
ods in an academic setting and applying them in practice. In recent years, the increased
funding of academic researchers by agencies like the NSF may have contributed to this
problem by allowing them to build careers without having to respond directly to the needs
of practicing engineers. More fundamentally, the very general analytical approaches de-
veloped through research need to be brought to bear on specific structures. It is the rare
theory that can be used in structural design without making many assumptions and an-
alytical simplifications, just because real structures have a lot of complex characteristics
that are difficult to describe analytically.

One of the key characteristics of engineering assessments of risk is that what

engineers know about the risk posed by a particular object is difficult to separate from
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their definitions of what the object is and how it works in other respects. In the Caltrans
case, a simple freeway overpass started out as a relatively straightforward structural
system; its vulnerability to earthquakes was characterized in terms of the ability to
resist a small lateral force. Learning from the 1971 San Fernando Valley earthquake,
engineers focused their seismic concerns on very specific structural components: first, the
expansion joints between segments of bridge deck, and then on the steel reinforcement
in columns. They brought various analytical approaches to bear on the design of these
specific elements, and conducted tests of the resulting designs. New computer tools
became available that enabled designers to model overall seismic response using the
latest analytical methods. Response spectrum approaches were introduced that enabled
engineers to think in a much more sophisticated way about the relationship between
a structure and the land on which it stood, specifically noting the characteristics of
the soil and the depth to bedrock. New seismic maps were developed that characterized
earthquake risk geographically in relation to known faults. Many of these new techniques
were based on the research community’s rapidly-evolving understanding of seismic risks.
Caltrans also funded some research at UCLA on the performance of restraining devices
for expansion joints, the results of which were incorporated into design codes.

By the 1990s, engineers’ understanding of the risks posed to Caltrans bridges by
earthquakes was extremely complex, incorporating very specific insights into the behavior
of specific structural elements as well as general knowledge of how earthquakes affect
structures as a whole, and even some formal principles of risk assessment. As definitions
of risk evolved, so too did designers’ knowledge of their bridges. A Caltrans engineer
looking at a bridge today, even a simple overpass, most likely sees a far more complicated
object than his or her predecessors did in the 1930s. And, just as importantly, engineers’
knowledge of the landscape and how their structures interface with it has never dropped
out of the picture — instead, it has redoubled in complexity and become more central
than ever before.

One of the key problems faced by earthquake engineering is the relative infre-
quency with which its hypotheses are tested in the field.% If a certain design method

produced buildings that could not stand up to gravity, engineers would soon know about
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it. But they may have to wait for many years to see a structure subjected to the seismic
forces it was designed for. For this reason, “chasing earthquakes” — trying to visit earth-
quake locations in the immediate aftermath in order to observe structural damage — has
become a major professional activity. Adding to the difficulty, every earthquake features
a unique set of ground movements, and may produce effects never seen before. Further-
more, it is often hard to tell precisely what caused a particular structure to collapse once
it is reduced to rubble.

Because of these uncertainties, laboratory testing has become a central activity
in earthquake engineering. In the controlled environment of a laboratory, engineers
can simulate earthquakes and document precisely how structures respond over time, a
luxury which is not available to the engineer observing a collapsed structure in the field.
Structures can be simplified to provide clearer results. Test models can have instruments
built into them that measure their response in exacting detail, providing vast amounts
of data for analysis.

There are a number of testing methods available to researchers, ranging from
those using a “shake table” that can play back the recorded motion of an actual earth-
quake to tests in which a structural element is pushed back and forth by a hydraulic arm
in a very simplified, slowed down representation of earthquake motion. Interestingly,
many researchers prefer the simpler tests, not only because they are easier to conduct
and to document, but because they represent the motion of an earthquake in a very
generalized way, rather than using a record of a particular quake. This makes them
more readily applicable to a range of actual earthquakes. These very generic results are
also useful because they can easily be used to calibrate computer models. Researchers
then rely on the computer models as tools for determining how a particular structure
outside the laboratory might respond to a particular earthquake.

But the knowledge generated by research is rarely imported into the design
context simply through the transfer of computer programs or test reports. Instead, a
complex chain of personal interactions seems to be necessary. The relationship between
researchers and designers is only one element of this chain. First, researchers rely on well-

trained teams of laboratory technicians to bring knowledge of construction techniques
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into the laboratory so the test models will accurately represent structures as they are
built outside the laboratory. Second, in this laboratory, researchers relied on graduate
students to integrate the knowledge of these technicians with research considerations in
order to carry out a successful testing program. Finally, the professors who run the lab-
oratory serve as mediators between the laboratory setting (through their supervision of
graduate student research) and the world of design. They travel to design organizations
like Caltrans in order to communicate research results and provide advice in integrating
these results into design practice. This personal interaction seems to be the most effec-
tive way to bring research results to bear on design problems, because it allows a flexible
accommodation to be reached between designers and researchers, instead of leaving de-
signers to struggle with unwieldy academic products that are perhaps not immediately

relevant to their needs.

1.6 Meeting face to face

The social world of earthquake engineering has many internal divisions. It in-
cludes academic researchers as well as practicing engineers, engineers working in the
public sector and the private sector, engineers working in different firms and different
research laboratories, and engineers specializing in narrower sub-fields like soil-structure
interaction or structural risk assessment. And there are participants who are not engi-
neers at all, like some managers at Caltrans and the technicians who work in research
laboratories. There are often real cultural differences between all of these groups. Even
though most engineers have similar social backgrounds and share an overall professional
culture, those who work in one setting or on one sort of project often have relatively
little experience with the technology, the theoretical tools, the nomenclature, and the
work practices that are common elsewhere. If these different groups are to work together
successfully, they must find ways to translate concepts and coordinate activities between
them.

The necessity of this sort of coordination is a theme that runs throughout the
thesis. Scientific and engineering research and the design and construction of technologi-

cal artifacts are extremely complex tasks. They require the participation of a wide range
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of actors possessing very specific, highly developed sets of skills and bodies of expert
knowledge. But if laboratories are to produce new truths about nature or technology,
and if designers are to produce functioning objects, the activities of these disparate
categories of actors must be coordinated somehow. Fortunately, they need not share
a common view of the world in order to work together. Instead, the various specific
settings in which technical work is performed can be linked at their boundaries. This
can be accomplished by the circulation of “boundary objects” that cut across work set-
tings, such as computer models, design standards, research reports or even very broad
representational conventions that everyone understands.®” These devices seldom suffice,
however. Work settings are most significantly linked through the activities of particular
individuals — such as the the engineering laboratory technicians, graduate students, and
professors discussed above — who have roles in, and knowledge of, two or more work
settings. Through long chains of intermediaries like these, widely separated work settings
and even distinct social worlds can be linked even if they have very little in common, en-
abling knowledge and technologies to be effectively transferred between them. Personal
interactions are the glue that holds these chains together.

If engineering work were simply a process of rationally adapting technical means
to well-defined ends, the transfer of information in formalized forms would be sufficient
for the successful coordination of engineering activities. Anthony Giddens, along with
other social theorists of modernity, argues that social life is increasingly being “disem-
bedded” by impersonal tools like these, which enable the coordination of work across
vast expanses of space and time by eliminating the traditional need for face-to-face in-
teraction in localized settings.®® He does note, though, that there are some exceptions
to this trend toward the disembedding of social relations, which he calls “reembedding”
mechanisms. Peer review in engineering is a good example of what Giddens has in mind
with his use of this term.5

The study presented here suggests that either the idea of disembedding as the
defining feature of modernity is incorrect, or the engineering profession has never been as
clearly modern as we might like to think.” In fact, engineering still depends to a great

extent on face-to-face social interactions and teamwork, and wherever communication
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successfully occurs across spatial or cultural divisions, there is usually a physical move-
ment of people across those divisions. The transfer of computer models and research
reports alone do not seem to be sufficient to allow Caltrans engineers to adapt research
results to design problems. Instead, we find that researchers frequently pay visits to
Caltrans to explain their ideas and research results, that Caltrans engineers travel to
universities to observe laboratory tests, and that certain engineers at Caltrans have the
training to be to understand academic ideas and research results and translate them
into computer programs and documents that are useful to practicing designers. In such
a thoroughly “embedded” profession, it makes little sense to talk about reembedding
social relations. The formal institution of peer review is just an explicit articulation of
this general reliance on face-to-face interaction and the circulation of people between
social settings. Maybe the professions are anomalies, exceptions to an overall trend that
will soon overwhelm even them. But studies like this raise questions that ought to be

addressed by theorists of modernity.
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Chapter 2

Constructing Risk at Caltrans

2.1 Introduction

The culture of risk at Caltrans has changed dramatically over the past 70 years,
at least as it concerns seismic issues. From the 1930s until 1971, no earthquake caused
any significant damage to transportation structures in California. There was only a vague
sense of the earthquake threat at Caltrans, and it played little part in design practice.
In 1971, the San Fernando earthquake near Los Angeles caused catastrophic damage to
a freeway interchange under construction, much to the surprise of Caltrans engineers.
This led to an intensive effort to understand and compensate for earthquake effects on
bridges that has continued, with some ups and downs, to the present day. The 1989 Loma
Prieta earthquake in the San Francisco Bay area drew a great deal of public attention
to Caltrans, since it was the first earthquake to cause a significant number of deaths on
freeway structures. Caltrans engineers, however, felt that the Loma Prieta quake told
them nothing new. This chapter focuses on the construction of risk at Caltrans, and
tries to explain why it was that these two earthquakes had such different impacts.

This chapter looks at how risk is defined in a technical context, but it is not
about “risk assessment” or “risk management” as those terms are used by professional
risk analysts. Instead, it shows that the activities of analyzing and designing structures,
deciding how to allocate resources, and other normal practices in an engineering orga-

nization can in themselves generate sophisticated definitions of risk, before risk analysts

35
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or the general public arrive on the scene. In order to explain how this occurs, I make use
of Stephen Hilgartner’s concept of “risk networks,” which are sociotechnical networks
that contain all the elements we consider when we attach risks to particular objects. I
argue that these networks are best understood as descriptions of the way particular “risk
communities” conceptualize the risks they work to resolve.

At Caltrans, the risk network relating to seismic hazards changed dramatically
during the 1970s and 80s. Omne important cause of this change was the expansion of
the risk community to include researchers and outside peer reviewers. Changing a risk
community in this way almost always has a significant impact on the shape of that
community’s risk network. Another important cause was the increasing incorporation of
earthquakes themselves into the risk network. The first earthquake Caltrans engineers
experienced in the 1970s had an impact by shocking them into a sudden realization that
the measures they had taken to make structures earthquake-resistant were inadequate.
As time went by, however, organizational routines were established for evaluating dam-
age and smoothly incorporating the knowledge gained from each subsequent quake into
design practice. These routines “domesticated” what had previously been seen simply

as disastrous events.

The sociology of risk and risk objects

Attempts to describe the social dimensions of risk have, until recently, been
heavily influenced by the psychological literature on risk perception. One strand of this
literature attempts to explain why different types of risk cause different psychological
reactions in members of the general public, as measured by survey responses.! Another
strand focuses on cognitive biases that influence the ways both the public and experts
estimate risk.?

Mary Douglas and Aaron Wildavsky’s influential Risk and Culture added a
sociological and anthropological slant to the analysis of risk perception. Rather than
examining individual risk perceptions as a psychological phenomenon, they attempt to
explain group variations in risk perception according to social structure, focusing par-

ticularly on environmental pollution. They argue that social groups which lack internal
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differentiation, but which emphasize the boundary between themselves and the rest of
the world, tend to be most concerned about pollution. This is exemplified by close-knit,
egalitarian religious communities like the Amish, who try to prevent corruption of their
way of life by isolating themselves from mainstream culture. Douglas and Wildavsky
claim that this type of social structure is also common among radical environmental
groups, and explains their extreme concern about pollution.® This argument is prob-
lematic because it suggests that cultural ideas about risk are shaped solely by social
structure. Like the constructionist social problems literature, it neglects to examine the
practices of the professional communities in which risks come to take on objective prop-
erties, and it also fails to consider how members of the public, including activist groups,
actually find and analyze the information which shapes their beliefs.*

In addition to studies of risk perception, the sociological literature on risk has
another important side that focuses on how organizations manage high-risk technologies,
describing the organizational factors that can contribute to technological accidents. The
best-known work in this genre is Charles Perrow’s Normal Accidents.® Perrow focuses on
the characteristics of technological systems, including their human components, which
make them prone to accidents. The riskiest systems, he argues, are those that combine
a high degree of complexity with tight coupling between components, meaning that the
failure of one component cannot easily be contained, but will tend to disrupt the entire
system.® Others have looked at this issue from a slightly different perspective, examining
the characteristics of “high reliability organizations” which are able to manage complex,

tightly-coupled systems without accidents.”

Risk objects, risk communities and risk networks

Sociologists who study social problems have examined how risk is defined and
discussed in public discourse. Much of this work follows what is called the “social
constructionist” approach in the field. Instead of trying to describe problems themselves
as objective social conditions, this approach looks at how different groups mobilize to
make claims and define social problems in public arenas.® As a methodological point,

most constructionist social problems authors avoid examining how problems are defined
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in scientific or professional contexts before they become public issues.” The portion
of this literature that focuses on risk, however, has been influenced by the sociological
literature discussed above. As a result, some of this work has made the interaction
between scientific/professional and public definitions of risk a central focus of analysis.!°

Examining public settings alone leads some social problems researchers to ob-
jectify certain elements of the risks they study. In particular, concepts drawn from
professional settings are sometimes used unproblematically, since these settings are not
themselves examined sociologically. For example, crime statistics or medical ideas about
the health risks of chemical exposure might be treated as objective facts even as public
debates about how to deal with these problems are analyzed as social constructions.!!
As a corrective to this trend, sociologist Stephen Hilgartner has suggested that we ought
not to think of risk as a characteristic which people simply attach to objects which are
already well-defined. Instead, we should understand that an attribution of risk usually
involves the active construction of an object deemed to pose a threat, which he calls a
“risk object.”'? For example, as Joseph Gusfield has shown, drunk driving never really
emerged as distinct risk to the general population until it was embodied in a particular
risk object, the “killer drunk.”!® By describing risk as embodied in particular objects,
this approach shows us how definitions of risk are constructed not only through activities
explicitly labeled as risk assessment, but through a wide range of professional practices
that seek to define other aspects of these objects. Medical research on the prevalence of
alcoholism, for example, entered into public discourse, suggesting new ways of defining
and mitigating the risks of drunk driving.!4

Drawing on the constructivist science and technology studies literature, Hilgar-
tner argues that risk objects are defined in relation to broader socio-technical systems
which he calls “risk networks.” A risk object is emplaced within a network when actors
identify it as being potentially harmful. Once a risk object is emplaced, certain actors —
engineers, for example — may then put a great deal of effort into displacing it from the
system, either by showing that it does not actually pose a risk, or by putting mechanisms

into place to prevent it from causing problems.!®> These measures may shift the risk to

other parts of the network, resulting in new risk objects and new efforts to displace them.
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There are several other important characteristics of risk objects and risk net-
works that are not discussed by Hilgartner. First, the activities of emplacing and dis-
placing risks are not usually completely independent from one another. Which elements
of a system are singled out as risk objects often depends upon the technological solutions
that are available at a given time. In some cases, the relationship between the process
may approximate James March and Johan Olsen’s “garbage can” model of organizational
decisionmaking, which notes that solutions often float around an organization as people
actively seek and promote problems they can be applied to.!6 Similarly, advocates of a
new technology may actively seek to promote risk objects which that technology could
be used to displace. This is a common advertising tactic. For example, manufacturers
of luxury automobiles have played up the dangers of getting lost or stranded as a way
of promoting Global Positioning System devices in their cars. Without the availability
of that technology, the idea that not knowing one’s exact latitude and longitude while
driving could be seen as an unnecessary risk would seem absurd. In other cases, it is
not a specific solution but rather a new type of technology — computers are the best
recent example — which suggests new problems by presenting a range of possible solu-
tions. Then again, established technologies can just as easily limit the problem agenda
by ruling out certain risks for consideration because no solutions are available.

It is also useful to distinguish between “risk networks” and “risk communi-
ties.” Risk networks can contain many different sorts of elements that are relevant to
the definition of risk objects, including both people and natural and technological ob-
jects. For example, sociologist Robert Stallings describes the things that the disaster
policy community has considered in its definitions of earthquake risk. These include
water systems, power lines, transportation facilities and other “lifeline” installations;
earthquake-caused fires; the impact of media coverage and non-expert earthquake pre-
dictions on earthquake preparedness; the characteristics of vulnerable social groups such
as children, the disabled, minorities, and non-English speakers; and the latest geological
maps, demographic data, and engineering methods.'” Though this risk network includes
people, most of those who are considered are not actually allowed to actively participate

in the definition of seismic risk as a policy issue. At the same time, many people who
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do have an active role in defining the risk are not considered to be significant elements
in the network itself. Further, different groups may construct different risk networks
around similar sets of objects, particularly if the groups don’t interact very much.

As a result, it seems useful to specify that a risk network is always attached to a
particular “risk community,” and that it reflects that community’s collective views about
what aspects of the world are important in the definition of risk. These communities are
composed of groups of people who interact in the definition of a particular set of risks,
and who share, at least to some extent, a common set of cultural assumptions and a
common language for talking about risk.'® A risk network is the complete set of natural,
technological, human, conceptual, moral, etc. resources invoked by these groups in the
course of their risk definition activities.!” Risk communities are often, although certainly
not always, coincident with professional or organizational boundaries. Changes in their
membership and scope can have a significant effect on the definition of risk objects and
on the composition of the risk network. Since many decisions about risk are made within
those restricted boundaries without ever becoming public issues, or are defined for public
consumption within these arenas, change in who is allowed to participate can be a matter

of some political significance.

Risk and engineering

This chapter examines the history of seismic risk definitions among engineers
at the California Department of Transportation (Caltrans) from the early 1970s through
the 1990s. Although the focus here is on risk, these engineers, most of them designers,
could not themselves be considered experts in this area. There is a field of structural
reliability analysis, which develops tools for analyzing the probability of failure of a given
structure under a specified load, but this is a specialty field most practicing engineers are
not trained in.?® But even if they do not usually speak in the language of risk analysis,
practicing professionals in organizations like Caltrans play a central role in the definition
of risk because they are responsible for the emplacement and displacement of a great
variety of risk objects.?! During this time period, it was Caltrans engineers who played

the largest role in defining the risk posed to bridges by earthquakes in California. They
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decided what elements of bridges posed the greatest risk under earthquake forces, what
measures should be taken to mitigate those risks, in what order those measures should
be implemented, and (within certain externally imposed financial restraints) how quickly

work should proceed.

2.2 Earthquake risk at Caltrans before 1971

The risk of earthquake damage to bridges had long been a concern of Caltrans
engineers and their predecessors at the California State Highway Department. However,
prior to the 1960s, very little useful research had been done on how earthquakes cause
damage to structures. In addition, bridges in the United States had suffered only very
trivial damage in earthquakes up until the 1964 Alaska earthquake, and bridges in Cal-
ifornia never experienced serious damage until the 1971 San Fernando quake near Los
Angeles.?? With little engineering knowledge to go on and no experience of the effect of
a substantial earthquake on their bridges, Caltrans engineers did not have the ability to
define this risk in very precise terms. The apparent lack of great public concern about
earthquake safety gave them little reason to try to develop this ability.

Up until the 1960s, the state-of-the art in seismic design was simply to check
and see if a structure would be able to stand up to a horizontal force equal to some
percentage of its own weight. Caltrans adopted this approach beginning with the design
of the San Francisco-Oakland Bay Bridge in 1933. Its earliest formal codes left the exact
percentage to the discretion of the designer, by the mid-1940s codes specified two to six
percent. The exact percentage was based on the type of footing a bridge was supported
on — either a spread concrete footing or piles driven into the ground — and the “bearing
capacity” of the underlying soil.?® Although these measures were not as stringent as the
most advanced building codes of the time, they were far more sophisticated than most
bridge design codes, which generally had no explicit seismic requirements.?? Engineers
did not have to pay a great deal of attention to seismic resistance, however, since most
bridges that were designed to support the weight of traffic would have already met the
code’s seismic requirement.?>

These very basic provisions remained in place unchanged until 1965. By this
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Figure 2.1: Comparison of Caltrans design spectra as they would be applied to bridges
with multi-column bents on soft soil, 1943-1989. Note the sharp drop in required strength
for most structures between 1954 and 1965. Source: Governor’s Board of Inquiry 1990,
125.

point, research into the effects of seismic vibrations on structures suggested that taller,
more slender structures — those with natural periods of vibration of one second or more
— would be less strongly affected by earthquakes. As a consequence, the formula for
calculating the horizontal force a bridge must be able to withstand was modified to take
its period of vibration into account.?® This refinement dramatically lowered the seismic
force requirement for most bridges (Figure 2.1). At the same time, the availability
of more sophisticated design methods and computerized analysis tools was inspiring
Caltrans engineers to push the limits of design practice a little further, in particular
to use fewer and more slender columns. When examining bridges for retrofit, Caltrans
engineers later found that these structures were much more fragile than those built in the
1940s and 50s.2” At the time, however, the belief was that Caltrans was using the best
knowledge available to design more cost-effective and aesthetically pleasing bridges.?

Through the 1960s, Caltrans engineers — along with most other practicing civil
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Figure 2.2: Collapse of bridge at 1-5/1-210 interchange, 1971 San Fernando earthquake,
showing fallen columns (foreground) and segments of bridge deck. Source: Steinbrugge
Collection, Earthquake Engineering Research Center, University of California, Berkeley.

engineers — recognized earthquake damage to bridges as a risk object in some abstract
sense, but its outlines were vague and its effect on design practice almost nonexistent.

This was all to change, dramatically, when a big quake finally did arrive in 1971.

2.3 1971: The San Fernando earthquake

On February 9, 1971, at 6 a.m., a strong earthquake — magnitude 6.6 — shook
the San Fernando Valley, then a rapidly-developing suburban area of Los Angeles, causing
extensive damage and loss of life. At the time, Caltrans was in the process of building
two major freeway interchanges in the area, and large portions of several finished (but
not yet in service) structures collapsed in very dramatic fashion (Figures 2.2-2.4).2
Caltrans engineers were surprised at the extent of the damage, which they realized could
have killed people if the structures had been open to traffic. They immediately launched
an effort to determine what went wrong and how it could be fixed. As a result of this
effort, they were able to begin breaking down the very vague threat to bridges from

earthquakes into some quite specific and carefully delineated risk objects.
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Figure 2.3: Close-up of column from Figure 2.2, showing that failure was caused by
column reinforcement pulling out of the footing. Source: Godden Collection, Earthquake
Engineering Research Center, University of California, Berkeley.

Initial reactions

Their personal observations of the damage and knowledge of the research liter-
ature almost immediately led Caltrans engineers to focus on two key areas. First, they
determined that segments of the bridge decks had separated at the expansion joints.
Bridge decks are usually made up of a number of different segments with gaps between
them to allow for expansion or contraction of the concrete due to temperature changes or
aging. At these joints, one segment of the deck is built with a protruding shelf, or “seat,”
and the other segment with an overhang which rests on this seat. Caltrans engineers
determined that earthquake movements had separated some of the joints, causing some
sections to slip off their seats, contributing to the collapse of the columns supporting
them. In the worst case, some Caltrans structures contained “drop in spans” held up
only at the joints, which would simply fall to the ground if they came unseated. The sec-
ond problem engineers observed was that the concrete columns themselves disintegrated
under stress too easily, in a way that suggested they were designed with insufficient steel
reinforcement (Figure 2.4).30

The generalized risk of earthquake damage to structures had now been bro-

ken down into two distinct risk objects: expansion joints and poorly-designed columns.
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Figure 2.4: Column damage to another structure at the I-5/1-210 interchange, 1971
San Fernando earthquake, caused by rupture of horizontal reinforcement hoops. Source:

Steinbrugge Collection, Earthquake Engineering Research Center, University of Califor-
nia, Berkeley.
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Throughout the 1970s and 80s, Caltrans engineers tried to come up with ways of dis-
placing the risk posed by these elements from their structural systems, taking several
different approaches. First, they worked to develop new ways of calculating the seismic
force a structure should be able to withstand. Second, they introduced specific changes
in design details, particularly in the area of steel reinforcing bar (“rebar”) layout and
connection methods. Finally, they created techniques for retrofitting existing structures.
These efforts proceeded concurrently, with each new development feeding back into the
construction of the risk objects, subtly changing them and leading to new methods of

displacing risk.

Early code changes

Oris Degenkolb, an engineer in charge of one of Caltrans’ design sections, took
the main responsibility for developing new seismic design approaches in the period fol-
lowing the San Fernando earthquake. He was assisted in this by Jim Gates, a designer
who worked under him at the time and later became head of Caltrans’ Office of Earth-
quake Engineering. Gates recalls taking on the primary responsibility for documenting
and implementing the changes.?! Knowing that there were serious problems, but faced
with the pressure to keep building new bridges, the two engineers, “for lack of anything
better,”3? issued an interim instruction to designers a month after the earthquake, di-
recting them to multiply the design seismic forces in the existing code by 2 for structures
on normal concrete footings, and 2.5 for those on piles.?> This was a noteworthy devel-
opment, because the 1964 code changes had dropped any reference to footing type. The
new force multiplication factors were an acknowledgement that the interaction between
a structure and the ground it rested on might be more significant than the existing code
recognized. However, this measure was not seen as a satisfactory way of addressing the

more specific problems with joints and columns.

Columns

Based on the effects of the earthquake, Caltrans engineers concluded they were

not properly reinforcing bridge columns. Specifically, they identified the problem as a
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lack of sufficient ductility. Ductility is the ability of a material to deform beyond the level
where it springs back elastically without losing strength. Steel is a very ductile material,
as can easily be seen by bending and straightening a paper clip; concrete is not. In the
1960s, engineers had just begun to understand that reinforced concrete structures needed
to have a reserve of ductility if they were to withstand earthquake forces.>* To make
them more ductile, concrete columns are usually designed with vertical and horizontal
steel reinforcement bars, which form a cage running the length of the column a few inches
inside its outer circumference. The vertical reinforcement consists of long bars, while the
horizontal reinforcement is often arranged in hoops. Research published by the Portland
Cement Association in 1961 suggested that the key to ductile design was to employ more
transverse reinforcing hoops.?® This is not just because of the ductility of the steel, but
because concrete itself is able to withstand more stress without disintegrating when it is
tightly confined.?¢

Before the 1971 earthquake, standard Caltrans practice for transverse rein-
forcement was to use hoops of half-inch diameter rebar spaced every 12 to 18 inches.37
New regulations, issued within a few months of the earthquake, required that design-
ers employ a continuous spiral of reinforcing steel for the entire height of the column,
rather than individual hoops. This provided greater continuity of reinforcement, since
hoops have unconnected ends that are simply hooked into the vertical reinforcement
and held in place by the surrounding concrete. These hooks may come undone under
stress, a problem which is avoided by using a spiral. Spirals were to be fabricated from
three-quarter-inch diameter rebar with 3 1/2 inches between turns of the spiral.3® This
corresponds to a roughly five- to eight-fold increase in the total amount of horizontal
reinforcement in columns.

Caltrans engineers also took steps to improve the continuity of vertical rein-
forcement in columns. Typically, individual reinforcing bars do not run the entire height
of a column. Rather, a given element is made up of several pieces which overlap at their
ends and are held together by the surrounding concrete. These overlaps are known as
“lap splices,” and they can pull apart under sufficient stress. The new rules required

designers to avoid lap splices wherever possible, and, if they were necessary, to avoid
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placing them near the base or the top of the column, areas which experience the most
stress in an earthquake. The rules also specified that reinforcement should be continu-
ous from the column into the footing, to avoid problems with rebar pulling out of the
foundations, which may cause columns to topple over, as shown in Figure 2.3.3°

These changes were strictly a matter of what engineers call “design details.”
In other words, they did not involve any fundamental alteration in design methodol-
ogy, but simply stated that a certain amount of rebar should be arranged in a certain
standardized way. It was understood that these measures would significantly improve
ductility, but this was an “empirical” determination not based on any specific method
for quantifying ductility.? However, this certainly does not mean that the changes were
trivial or without sound basis. There is a general sense among engineers that good de-
tailing practices are at least as important to earthquake-resistant design as methods for
calculating specific structural demands and capacities.

The new reinforcement specifications can be read as an elaboration of the risk
posed by insufficiently reinforced columns. This risk object was now more precisely de-
fined in terms of the lack of ductility of existing columns, and this was further attributed
to a lack of continuous, closely spaced transverse reinforcement to provide confinement,
columns with lap splices in high-stress areas, and columns that weren’t well attached
to their footings. Such columns were judged to be risky, but the solution was simply
to change the way columns would be designed in the future. Columns that had already
been built according to the old methods were not yet considered enough of a threat to
warrant fixing. This view of the risk posed by columns and what should be done about
it was a direct consequence of the approach that was already being developed for dealing

with the separation of expansion joints.

Expansion joints

Also within a few months of the earthquake, Caltrans designers came up with
ways of preventing the separation of expansion joints. The main approach was to use
“hinge restrainers” consisting of a number of steel cables or rods that stretched across

the expansion joint, tying adjacent segments of the bridge to each other (Figure 2.5).
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Figure 2.5: A standard version of the Caltrans expansion joint restrainer for concrete
bridges. The restrainer is meant to keep the ledge from sliding off the seat. Source:
Governor’s Board of Inquiry 1990, 131.

Unlike the new column reinforcement criteria, which could only be implemented in new
structures, this approach could be applied to both new and existing structures, and was
developed with this dual use in mind from the beginning.*! Choices about the number,
size, and arrangement of the cables or bars were made, at least initially, through simple
hand calculations. Laboratory testing was done to determine the strengths of the cables
and bars under cyclic loading, but Caltrans did not have the facilities to test complete
restrainer Systems.42

The development of hinge restrainer technology raised, for the first time, the
issue of seismic retrofitting: going back and correcting design deficiencies in structures
already standing. In 1973, Caltrans began a program to install hinge restrainers on
1,261 bridges throughout the state.*> This program proceeded very slowly, and was only
completed in 1987.% But why choose to retrofit? And why limit retrofitting, at least
initially, to the installation of hinge restrainers? The answer to the first question is fairly
straightforward: Caltrans engineers seemed to feel a basic professional obligation to do
something about structures that were known to be flawed. Indeed, there is no evidence
that the desirability of retrofitting was ever debated. The second question is a little more
complex.

In 1978, Oris Degenkolb wrote an article for the internal Caltrans newsletter
Bridge Notes which described the thinking behind the decision to focus on hinge re-
strainers. The most basic reason was just that hinge restrainers were a relatively simple

technology that could easily be applied to existing structures. Their performance charac-
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teristics were thought to be well-understood; Degenkolb’s article described the methods
for designing hinge restrainers and their expected performance characteristics in great
detail, with little evidence of uncertainty. By contrast, he mentioned techniques for
retrofitting columns by providing additional exterior confinement, but only as unproven
possibilities and with the proviso that further testing would be necessary to determine
their effectiveness. At this time, Caltrans just did not have the means to calculate the
probable ductility of a given column, with or without retrofitting. The performance of
hinge restrainers, by contrast, was not supposed to depend on ductility in any significant
way. 4
Another reason Degenkolb gave for focusing on expansion joints was that retrofitting

these would also make the columns less vulnerable:

When hinges are not restrained, segments of a bridge can act independently
and forces in the columns can be significantly greater than if hinge movements
are limited. Thus, retrofitting hinges with restrainers can significantly reduce
the probability of column failures.*6

Still, Degenkolb and other engineers at Caltrans did not believe that hinge retrofits would
completely solve the problems with columns. Their decision to focus on hinge retrofits
to the exclusion of column retrofits was also influenced by an emerging philosophy of

seismic design:

It is not practical to design bridges that will economically serve our normal
transportation needs but not be damaged to some extent if subjected to
severe seismic shaking. The aim is to make structures seismically resistant
to the extent that they may sustain damage but not collapse completely. It
is also desirable that they be capable of carrying at least a minimum amount
of emergency traffic even though they may be damaged.*”

Retrofitting hinges, engineers felt, would at least provide a certain measure of protection
against collapse. This was backed up by a common belief that bridges probably would
not have been damaged to the point of collapse in the San Fernando earthquake if their
joints had been kept together.*® Installing joint restrainers seemed consistent with the

overall goal of preventing collapse but not necessarily all damage to a bridge.*”
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Cost-effectiveness

In what would later become a continuing theme in the Caltrans retrofit program,
concerns about cost-effectiveness and the efficient use of resources also played a key role
here. Near the end of his article, Degenkolb again describes the reasoning that led to
the focus on hinge restrainers, but in language which emphasizes the economic side of
the decisionmaking process:

Since the restraining of the superstructure at hinges and bearings was judged

to be a more serious problem, and providing that restraint alleviated the

seriousness of the column deficiency, more can be obtained for the money by

retrofitting the hinges and bearings first.?°
Indeed, Caltrans spent only $54 million on the hinge retrofit program from 1973 to its
completion in 1987, a very small proportion of its total budget during that period.’! In
general, decisions about retrofit were made under the assumption of limited resources.
Caltrans engineers made little effort to get more funding for retrofitting. Instead, they
tried to work efficiently within the existing budgetary framework. Times were particu-
larly lean during the mid-1970s because the Caltrans budget — which is funded largely
through gasoline taxes — shrunk dramatically as a result of the oil crisis and the con-
sequent reduction in gasoline sales. Caltrans was forced to lay off many employees,
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including a number of engineers in the seismic uni This played a role in the slow

pace of the expansion joint retrofit program.

Columns and joints as risk objects

In the course of developing new seismic design criteria and retrofit technologies,
and deciding how to deploy them, Caltrans engineers sought to displace risk from struc-
tural systems in more than one way. Most obviously, in the case of hinge restrainers,
specific retrofit methods were developed that were thought to render hazardous expan-
sion joints safe. Columns were another story. Expansion joint retrofit was supposed
to make columns less vulnerable, but only under certain limiting assumptions: that
damage was acceptable as long as there was no collapse, that hinge restrainers would
likely prevent complete collapse, and that cost-effectiveness was of paramount impor-

tance. Although the risk from poorly-confined, nonductile columns was eliminated in
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new structures through improved design methods, the risk posed by existing nonduc-
tile columns was never firmly emplaced or displaced. Some suggested that columns did
not pose a significant risk so long as expansion joints were tied together. But Caltrans
engineers continued to discuss column retrofit technologies even after the hinge retrofit
program was well underway, an indication that there was still some concern. There was
no clear consensus about whether columns designed before 1971 posed a significant threat
or whether anything could be done about it. The elaboration of this risk seems to have
been put off as engineers focused instead on expansion joints, a risk object that could

be understood and controlled relatively easily based on existing technical knowledge.

2.4 Elaboration of the risk network into the 1980s

Location, geology, and seismic forces

When Caltrans modified its design codes by increasing seismic force require-
ments and taking footing types into account, it was an acknowledgment that previous
methods for calculating design forces were flawed. The increases in required strength
were somewhat arbitrary, however, a fact which did not sit well with some engineers.
As Jim Gates recalls, “we wanted something more rational than what we were currently
doing.”®® So he and other engineers sought to develop a new method for calculating the
force a bridge at a given location would be likely to experience in an earthquake that
explicitly took into account the seismic potential of nearby faults and the soil conditions
at the site.?

The first step Caltrans took was to commission a map of known faults in the
state from the California Division of Mines and Geology (DMG). Based on a determi-
nation of the “maximum credible earthquake” that could be expected from each fault,
the map indicated, via contour lines, the maximum earthquake acceleration that could
be expected at bedrock for every point in the state.?® The map was digitized so that
Caltrans engineers could easily and precisely calculate the acceleration at a given site.%%
Getting the DMG to produce such a map was an undertaking in itself, because many

geologists consider the “maximum credible earthquake” approach to be outmoded. In-
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stead, they prefer more refined “probabilistic” methods of evaluating earthquake risk,
which describe the likelihood that an earthquake of a given magnitude will occur in a
given time period on a particular fault.>” At Caltrans, however, engineers “wanted some-
thing that was very conservative, that could never be challenged.”®® The geologist who
ended up working on the report, according to Jim Gates, “understood what we wanted
and he was more than willing to do it, and he did it. And as a result of that, he got a
lot of flack.”% The DMG was clearly not interested in being widely associated with this
sort of map; the final version they published, in 1992, was still labeled “Prepared for
Internal Use by Caltrans.”%® Faced with continued resistance from the DMG, Caltrans
eventually hired the author of the 1992 map as staff seismologist.

Obtaining a useful seismic map was just the first step in developing a com-
prehensive new approach for calculating earthquake forces based on response spectrum
analysis. This approach gives designers a straightforward method for determining the
acceleration that a given structure would experience during an earthquake, based on
bedrock acceleration, soil conditions at the site, and the natural vibrational period of
the structure. The complex calculations that would ordinarily go into this analysis are
replaced by a series of graphs called Acceleration Response Spectra, or ARS curves. The
designer chooses a particular curve corresponding to the soil depth and bedrock acceler-
ation at a particular site, finds the period of the structure on the x axis of the graph, and
then reads off the seismic acceleration on the bridge from the y axis (Figure 2.6). This
acceleration is then multiplied by the mass of the structure to come up with a seismic
force for design. The resulting force is divided by a factor, Z, which varies according to
structural type, taking the positive effects of ductility into account (Figure 2.7).

These new methods for calculating design forces significantly redefined the risk
network associated with earthquake damage to bridges. Although new structural char-
acteristics were being taken into account, the more significant development was that
attention was now focused, to a much greater extent than ever before, on the hazards
associated with location. The earthquake threat to bridges was now located as part of
a system containing geographical and geological as well as structural elements. While

hinges and columns were still significant risk objects, the danger they posed could now
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be further refined based on the seismic characteristics of the place where they stood.
This expanded the scope of the risk network to include ancient features of the earth’s

crust as well as elements of modern freeway structures.

Listening to earthquakes

Perhaps the most dramatic and influential change to the risk network at Cal-
trans during this time period was the inclusion of earthquakes themselves. Before 1971,
seismic design at Caltrans was based largely on simplified formulas for calculating the
earthquake force a structure should be able to withstand. Even as these formulas became
more sophisticated, changes were driven mainly by developments in structural theory.
Particular seismic events were generally not mentioned as playing a role in earthquake-
resistant design. The San Fernando earthquake was the first to be taken up by engineers
as an integral part of their thinking about risk. It is described as having provided Cal-
trans engineers with information about specific flaws in their design practices — namely,
unrestrained expansion joints and poorly reinforced columns — that they had never
understood before.

This earthquake presented itself as such an independent agent of change in part
because Caltrans engineers had no place for earthquake damage in the risk networks
they had developed. Its effects were not anticipated, and there were no procedures or
customs in place which told engineers how to react to it. This changed throughout the
1970s and 80s. In 1971, several design engineers had traveled to the site of the freeway
damage to observe and photograph it and try to determine causes for the structural
failures. Building on this experience, the Division of Structures put together a formal
Post-Earthquake Investigation Team (PEQIT).%! Caltrans was not alone in this; during
this period earthquake investigation began to flourish as a tool in academic research,
partly through the efforts of professional organizations like the Earthquake Engineering
Research Institute (EERI).52

By the late 1980s, procedures for Caltrans investigations had become quite well-
established, and a PEQIT manual was distributed.’3 This manual explained that the

PEQIT team was to consist of a group of volunteers prepared to leave home at a moment’s
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notice to travel to an area where an earthquake had occurred. A senior seismic specialist
was designated as the PEQIT coordinator. The state Department of Water Resources
and a Caltech/USGS group, both of which maintain networks of seismic devices, were
to notify a Caltrans operator in the event of a significant earthquake. The operator
would then call the PEQIT coordinator within half an hour if a quake of magnitude
5.5 or greater had occurred, or the next day if the magnitude was 4 or greater.* The
coordinator then contacted the rest of the team, if they hadn’t already heard through
the media and come into the office on their own, and made travel arrangements for the
group.%®

Each document describing PEQIT procedures since the late 1980s contains more
specific and detailed advice on how to conduct an investigation. In a 1991 article, engi-
neers Ray Zelinksi and Earl Seaberg describe the learning process which has facilitated

this change:

While the mission of the team remains the same as when the team was born,
the ability to function efficiently has improved considerably. The efficiency
has been improved through an evaluation process which is conducted follow-
ing each event. All team members attend the evaluation session and analyze
the latest excursion in terms of spontaneity, travel means, factual notes,
equipment aides, communications, etc. Through this process, response to
seismic events has been streamlined, and a collection of investigating equip-
ment has been accumulated.%¢

PEQIT documentation also reveals an accumulation of knowledge about how to collect
information on earthquake damage. Zelinksi and Seaberg, for example, advise team

members that

determining movement can be made in many ways. Using features at joints
in the superstructure such as sleeved pipe connections of barrier rails or
scribes placed across joints on concrete barriers, evidence of disturbed mate-
rial within the joint itself, and offsets between joined members are some ways
of determining movement. Gaps between soil and structure can be observed
at the base of columns and at abutments. Fill settlement can be determined
by looking for previous ground lines on faces of abutments, wingwalls, or
columns. Cracking of soil or pavement within the vicinity of footings can
indicate ground settlement or foundation movement.%

The 1998 PEQIT manual, in addition to written advice, provides team members with

photographs of damage from the Loma Prieta, Northridge, and Kobe, Japan earth-
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quakes, along with photographs of laboratory tests, describing what kind of damage
each photograph indicates.

By establishing the PEQIT, Caltrans has been able to incorporate experiences
with earthquakes into changes in design procedures in an increasingly direct and routine
way. The 1971 earthquake had an impact on design, but mainly because it was so
unexpected. The significance of the new approach is that it establishes a permanent
organizational mechanism for expanding the risk network to encompass damage from
future earthquakes. This has led to earthquakes being considered less as shocking and
unpredictable freaks of nature which literally “shake up” design practice, and more as

anticipated events that engineers can learn from in a systematic way.

From the 1970s to the 1980s

By the end of the 1970s, the culture of risk at Caltrans was becoming increas-
ingly complex. The generalized risk of earthquake damage to bridges was coming to be
embodied in two very specific risk objects: unrestrained expansion joints and columns
with insufficient confining reinforcement and poor detailing. At the same time, the risk
network was being expanded to include geological factors and the damage observed in
particular earthquakes. But although both the risk objects and the networks they were
connected to were being elaborated, the composition of the risk community itself did
not change significantly. The only exception was the inclusion of the Division of Mines
and Geology in the process of defining the risks posed by faults. But most decisions still
were made within a relatively small circle of engineers at Caltrans, and these people had
most of the power to define, displace, redefine, and complicate the risk objects associated
with the seismic threat to the freeway system. While political and economic conditions
played a role, they did so rather indirectly; nobody from outside Caltrans tried to change
the way risk was defined within the agency, and nobody from within tried to take their
concerns into a larger arena. Seismic concerns largely existed within the established
social arena where Caltrans engineers were used to working.

In the late 1980s, the risk culture at Caltrans began to shift in a slightly dif-

ferent direction as column retrofit was put back on the agenda and became a focus of
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organizational activity. This coincided with two other developments. First, because of
the scope of the column retrofit program, engineers began to focus much more on devel-
oping procedures for ranking bridges for retrofit in terms of their relative vulnerability
to earthquake damage. This work brought formal risk assessment methods into the risk
network for the first time. Second, the scope of the risk community expanded as Caltrans
began to fund laboratory research on retrofit techniques. All of these developments actu-
ally began before the Loma Prieta earthquake hit in 1989, a fact which is often neglected
in retrospective accounts. The earthquake and subsequent public attention aimed at
Caltrans accelerated these existing trends, however. The column retrofit program was
greatly expanded, and began to move at a much faster pace. Methods for prioritizing
bridges for retrofit took on added importance and complexity. Finally, the risk commu-
nity grew much larger as Caltrans increased its funding of research and did more and
more design work under the supervision of peer review groups which included practicing
engineers from outside Caltrans as well as university professors. This expansion of the
risk community resulted in important changes in the scope and structure of the risk

network, as well as in the definitions of particular risk objects.

2.5 Column retrofit and beyond

A second look at columns

In 1985, Jim Roberts was appointed head of bridge design within the Division
of Structures. He was returning to the division after a 13-year absence spent working
elsewhere in the organization.®® In this role and in his later role as head of the Caltrans
Engineering Service center, which subsumed the Division of Structures in the mid-1990s,
Roberts was the senior engineer in charge of structural design at Caltrans through the
end of the time period covered here. Roberts is a stout figure with a sharp military
haircut and a gravelly voice that carries authority well, even though he is surprisingly
soft-spoken most of the time. He would be the primary spokesperson for and defender
of Caltrans engineers in numerous press conferences and hearings following the Loma

Prieta earthquake in 1989.
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Upon his appointment, Roberts expressed concern that people were getting
a bit complacent, “resting on their laurels” instead trying to live up to the division’s
longtime reputation for cutting edge engineering work.%® At this time, the expansion
joint retrofit program was nearing completion, but column retrofit was still considered
a relatively low priority. Roberts may have seen this as part of the complacency he
referred to. In any case, early in 1986 he put together a small working group consisting
of seismic experts Ray Zelinski and Jim Gates and an engineer from bridge maintenance,
and asked them to report back on the feasibility of a column retrofit program.™

Jim Gates and Ray Zelinski were the two most prominent seismic experts at
Caltrans during 1980s and 1990s. Both are long-time employees of Caltrans, more than
making up in experience what they lack in graduate degrees. Gates played a central role
in the various incarnations of the Caltrans seismic engineering group since the 1970s,
and was head of the Office of Earthquake Engineering until his retirement in 1997. Ray
Zelinski was also prominent in many of the seismic engineering groups, and during the
1990s became head of the Seismic Technology group, which was in charge of developing
retrofit methods. Gates has a more quiet, diplomatic character, while Zelinski tends to
be more enthusiastic and blunt, but both are extremely knowledgeable about the practice
of design and have a healthy skepticism about excessive academic abstraction.

The group headed by Gates and Zelinski came up with some basic retrofit
strategies and a preliminary estimate of the number of bridges that would need retrofit
and the total cost. The $4 million per year that was still available for retrofit projects
was mostly devoted to finishing the expansion joint retrofits, however, and the remainder
would not be enough to make much progress on this new program. Still, Roberts recalls
feeling at the time that “we’ve got to hack away at it regardless, what ever funding we
can get, we've got to get started.” !

By early 1987, still without much funding, Gates and Zelinski began prelimi-
nary design work on some column retrofits.”?> The break they needed was provided later
that year by the Whittier earthquake which struck near Los Angeles. Although this
quake was relatively mild, with a magnitude of 5.9, it struck during commuting hours

and was thought to have come very close to taking down a bridge carrying Interstate 605
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over Interstate 5. An analysis by U.C. San Diego professor Nigel Priestley indicated that
only the joint restrainers prevented it from completely collapsing. This was widely taken
as tangible evidence that joint restrainers alone might not provide sufficient protection
from collapse, even in a relatively moderate quake.” Roberts wrote a letter to upper
management using the Whittier quake as evidence that the column retrofit program
needed to be accelerated. He convinced them to increase retrofit funding to $16 million
per year. However, due to bureaucratic problems, this additional money did not actu-
ally reach the Structures Division prior to the Loma Prieta quake in 1989. Still, since
the expansion joint retrofit program was nearly finished, they were able to make some
progress and had several completed retrofit designs “on the shelf” when that earthquake
hit.” After that event, funding for retrofitting was suddenly abundant.

The re-emergence of columns as a risk object coincided with the arrival of Jim
Roberts as head of the Division of Structures. Although much of the work of defining this
risk object was done by others, Roberts’ concerns about complacency served as a catalyst
for their activities. As this example indicates, the expansion of a risk community by even
one member can have a great effect on the definition of risk, particularly if that person

has very specific ideas and the authority to see that they are accepted and implemented.

Retrofit technology

In the course of their analysis of retrofit possibilities, Jim Gates and Ray Zelinski
looked at a number of different technologies. Some of these, such as wrapping columns
in tensioned wire and fitting them with steel shells, had been mentioned by Degenkolb
in 1978. At the time, retrofit techniques using high-strength composite materials were
also being developed. All of these methods had also been described in Federal Highway
Administration publications prepared by the Applied Technology Council, a non-profit
engineering research group.” However, Zelinski recalls, “we pretty much just jumped
on the steel jackets — there wasn’t much information out on composite type jackets at
that point, and we’re very familiar and comfortable with using steel.” 76 Steel jackets had
the additional virtue that they could easily be applied to rectangular columns, which

would be more difficult with wire or composite wraps. The idea was to fit columns with
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Figure 2.8: Cross-sections through steel shell retrofits as applied to round and rectangular
columns (not to scale). Diagram by the author.

round or elliptical jackets that were somewhat larger than the column diameter, or in
the case of rectangular columns, just cleared the corners. Then grout could be pumped
into the remaining space, bonding the shell to the column and ensuring that they worked
together as a single structural unit (Figures 2.8 - 2.10).

The appeal of steel jackets was enhanced by another set of circumstances. In
1986, the Structures Lab at U.C. San Diego had just opened. Eager to build its reputa-
tion, the university managed to hire Nigel Priestley, an internationally-known reinforced
concrete expert from New Zealand with a strong experimental background. Caltrans
engineers were already familiar with Priestley’s work from trips they had made to New
Zealand.”” As soon as he arrived in San Diego, Caltrans and the laboratory faculty
began informal talks about starting up a testing program for column retrofit methods.
They were particularly interested in working with Priestley because of research he had

done in New Zealand testing steel-encased concrete bridge piles.” In 1987, Caltrans ob-
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Figure 2.9: Steel shell prior to installation, intersection of State Route 52 and Genesee
Avenue, San Diego. Note irregular shape to fit around hexagonal flared columns, seen
in background. Photograph by the author.

Figure 2.10: Steel shell in position around column, ready for welding and grouting.
Photograph by the author.
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tained funding from the Federal Highway Administration to begin this research, which
was then accelerated and expanded as more money became available for retrofit following
the Whittier earthquake in October 1987.7

Steel jackets emerged as the most viable method for retrofitting columns out of
a complex set of circumstances. The familiarity of steel and the relative ease with which
steel shells could be applied to rectangular columns were significant factors, but it is not
clear that this method would have become so dominant if the work of Gates and Zelinski
had not coincided so neatly with the arrival of Priestley in California, or if Priestley
had not happened to have been involved in a project on steel-jacketed piles while in
New Zealand. This highlights the importance of chance and timing in the emplacement
and displacement of risk objects. Again, the “garbage can” model of organizational

decisionmaking would appear to be relevant.

Retrofit design

At least initially, steel jackets appear to have been seen by Caltrans engineers
as a single, generic technology for column retrofit, much as hinge restrainers had been for
expansion joint retrofit. But almost immediately this new phase of the retrofit program
took a distinct turn. For one thing, column retrofit seemed to require retrofit of the
column footing in most cases. Also, in order to keep retrofit as economical as possible,
Gates and Zelinski had early on come up with the idea that it would not be necessary
to retrofit every single column on a given bridge — just the minimum number needed
to bring it up to current seismic-safety standards.®® This required designers to take a
more systematic view of the structures they were retrofitting, as Zelinksi and another

engineer explained in a 1991 article:

The analysis of the bridges in the current State Highway Retrofit Program
consists of a total seismic evaluation. Whereas the original program concen-
trated on superstructure continuity, this program concentrates on total struc-
tural behavior. Seismic forces are tracked to all joints/connections, through
columns and abutments, and into surrounding soils.®!

Indeed, many retrofits were quite complex, and so employed more project-specific retrofit

methods in place of or in addition to steel jackets on columns. Many of the more complex
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projects were done under the supervision of peer review panels, which came up with some
innovative approaches. For example, the Santa Monica freeway viaduct in Los Angeles
was retrofitted by encasing the bottoms of the columns and adding concrete “link beams”
between the columns.®? The double-deck San Francisco viaducts required massive joint
reinforcement that could not be provided by steel jackets, so peer reviewers and designers
together came up with a method of stiffening the structure by running “edge beams”
along the roadways between the joints.®3 Even simpler retrofits required designers to
use dynamic analysis computer programs to calculate total structural response of the

retrofitted structure to an earthquake.®*

The risk network at the end of the 1980s

This new complexity marked a significant change in the way the seismic risk
to bridges was conceptualized. After the 1971 San Fernando quake, this risk shifted
from being embodied by very general lateral forces to being attached to very specific
parts of bridges, namely the expansion joints and columns. The expansion joint retrofit
program focused almost exclusively on keeping the joints together, without specifically
addressing the impact of this on the rest of the structure. As the column retrofit program
evolved, however, it ended up not focusing on columns alone. Instead, attention was paid
to many specific parts of the bridges, including expansion joints, footings, abutments,
beams and roadways. With the help of more sophisticated computer analysis tools,
these many specific elements were considered as part of a total structural system, and
the ultimate criteria for a successful retrofit had to do with the performance of this
system as a whole. Individual parts were even allowed to fail so long as this would not
cause overall structural collapse. The risk object had, in a way, come full circle: early
methods of assessing seismic risk were based on general calculations of the ability of
a structure as a whole to stand up to certain lateral forces, but without consideration
of any specific design details. After 1971, attention focused on details almost to the
exclusion of systematic performance. Finally, by the early 1990s, the primary risk object
was once again the structure as a whole, but with consideration of the effects of numerous

design details on this overall performance.
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2.6 Prioritization

Identifying and fixing the problems that might put a particular bridge at high
risk from earthquakes was certainly an involved process in itself, but the fact that each
bridge was part of a retrofit program which involved thousands of other bridges created
an additional level of complexity. During the hinge restrainer program, hundreds of
bridges had to be retrofitted with very little funding. Funding for the column retrofit
program was plentiful after the 1989 Loma Prieta earthquake, but this program involved
thousands of bridges and there was a great deal of pressure to move quickly to fix the most
vulnerable of them. In both cases, decisions had to be made about which bridges were the
highest priority for retrofitting. Since retrofit analysis and design are time-consuming,
a full analysis of every bridge at the outset would be difficult, so prioritization decisions
have to be made on somewhat limited information. Various formal mechanisms were
developed for prioritizing bridges for retrofit, beginning with the expansion joint retrofit
program in the 1970s. The complexity and scope of these methods expanded greatly as

the column retrofit program got into full swing.

Early approaches

Bridge retrofit prioritization formulas developed by Caltrans and others tend
to focus on three general areas: the structural characteristics of the bridges, the seismic
characteristics of the sites where they stand, and their social or economic importance.®
The earliest Caltrans prioritization approach, for the expansion joint retrofit program,
took all of these into account, but not in a completely systematic way. Engineers first
reviewed bridge structural elements and site seismicity, selecting for the initial pool all
“questionable structures” in “high seismic areas.” These bridges were then analyzed in
detail, producing an unranked group of several hundred bridges needing retrofit. Struc-
tures within this group were each assigned a certain number of points according to various
characteristics: up to 40 points depending on the likely seismic acceleration at the site,
20 for replacement cost, 8 for detour length, 22 for average daily traffic, 4 for status as a

defense and /or emergency route, and 6 for any other facilities which the bridge crossed

over.®0 The bridges were then prioritized according to the number of points they had



66

received. This system alone was not seen as sufficient to ensure an accurate ranking,
however. Oris Degenkolb noted that “the prioritizing numbers obtained did not always
reflect the true relative importance of some structures,” cautioning that “the results from
any prioritizing system should be subject to adjustment by good judgment.”87
There were no further developments in retrofit prioritization until Jim Roberts

initiated the review of the column retrofit program in the mid-1980s. At this point,
an engineer from the SASA unit, Brian Maroney, was given responsibility for putting
together a new prioritization mechanism. Since the 1970s, many new developments had
occurred in the areas of risk analysis and structural reliability theory. In addition, a Fed-
eral Highway Administration-funded report by the Applied Technology Council giving
retrofit guidelines for highway bridges had been published in 1983. This report sug-
gested that prioritization methods should explicitly rate bridges according to structural
vulnerability, site seismicity, and importance.®® A 1988 article by Maroney about his
new prioritization system reflected these developments. He refers specifically to the risk
analysis literature, but mainly to demonstrate how his approach differs from a full-scale
risk analysis:

A conventional risk analysis produces a probability of failure or survival.

This probability is derived from a relationship between the load and resis-

tance sides of a design equation. Not only is an approximate value for the

absolute risk determined, but relative risks can be obtained by comparing

determined risks of a number of structures. Such analyses generally require

vast collections of data to define statistical distributions for all or at least the

most important elements of some form of analysis, design and/or decision

equations. The acquisition of this information can be costly if obtainable at

all. ... To avoid such a large investment in resources and to obtain results

which could be applied quickly as part of the Phase IT Retrofit Program [i.e.,

column retrofit], an alternative was recognized. What can be called a level

one risk analysis procedure was used. The difference between a conventional

and level one risk analysis is that in a level one analysis judgements take the
place of data supported statistical distributions.??

The new ranking algorithm also included, for the first time, structural factors
as well as seismic and importance factors. Instead of assigning different numbers of
points for each characteristic, it assigned them each a value between 0 and 1, and then

used a weighting system to reflect their relative importance. The weights were assigned
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to various factors as follows: likely ground acceleration, 18%; adequacy of confinement,
18%; single columns (or not), 18%; length (which affects structural performance), 16%;
average daily traffic, 12%; route type (i.e., state highway, interstate highway, street),
8%; length of detour, 5%; and skew (another structural risk factor), 5%.%C Although
the technique was somewhat more sophisticated, this method still added the values
associated with each characteristic to reach the final ranking number, much like the old
expansion joint prioritization approach.

After the Loma Prieta earthquake, the new retrofit program took off very
quickly, with a sense of urgency and, soon, a great deal of funding. The prioritiza-
tion mechanism began to take on additional complexities. The weights in Maroney’s
first scheme had been arrived at through informal consultation among a small group of
seismic experts at Caltrans, including Jim Gates.”! After the earthquake, a more formal,
documented approach to gathering expert opinion was adopted. A group of twenty-one
engineers with seismic expertise was selected, which included Jim Gates, Ray Zelinksi,
and Jim Roberts. This group was sent a written survey and asked to assess the impor-

tance of possible prioritization criteria by assigning each a number between 0 and 10.%2

The averaged results of this survey formed the basis for a new weighting system.%

Implementing prioritization

Although the prioritization algorithm was now well-developed, implementing
it was a major undertaking. Before the bridges could be ranked, the data required by
the algorithm somehow had to be acquired and entered into a database. Caltrans, like
all state transportation agencies, has a maintenance database which includes structural,
economic, and traffic information about its bridges. Some, but not all, of this data is
required to be kept under federal law.?* This provided a great deal of the basic informa-
tion for prioritization. Caltrans engineers also began the laborious process of individually
reviewing bridge “general plans,” which provide basic structural information, for over
ten thousand state-owned bridges. In order to cope with this enormous workload, SASA
called on engineers from throughout the Structures Division as well as retirees to review

each bridge for certain structural characteristics (Figure 2.11). The purpose of this re-
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6. P, SETSMIC REVIEW
BRIDGEH#

DEPARTHENT OF TRANSPORTATION

Division of Structures year designed?
Special Projects Branch

Seismic Retrofit Program

0)
out 1
out 2)
out 3)
out 4)
hold B)
hold 6)
in 7)
in 8)
in 9)
in 11

STATUS:

REVIEWED

CHECKED

special class reason:
in, out, or hold, for reason(s) not listed below

comments are required on the back of this page.

structures with all of the following:
modern structure and details (1980+); ductile elements; no outriggers

single-span structures with monolithic abutments
timber bridges

multi-span structures with all of the following:

monolithic; multi-column or pier wall bents; end-diaphragm or well seated
seat-type abutments; fairly balanced spans of less than 130 ft; total length
less than 300 ft; (deck area)/(no. of columns) less than 5000;

less than 25 ft of height; small to moderate skews; standard-like design

structures with all of the following:

good superstructure details; reasonably good spiral spacing, but lapped at ends;
footings lack the capacity to hold plastic moment; (i.e., no top mat of steel and/or
no shear reinforcement)

This would be a typical mid 70s vintage structure.

structures with all of the following:

monolithic; multi-column; end-diaphragm or well seated seat-type abutments;
fairly balanced spans between 130 ft and 175 ft; less than 50 ft of height;
(deck area)/(no. of columns) less than 7000; small to moderate skews;
standard-like design

multi-span structures with simple beam construction

(typically precast or steel I-girders)

any structure with outriggers, C-bents, or shared columns

any structure with rented airspace or public facilities below

structures with any of the following:

nonductile structural elements (except for cases 2, 3, or 4); multiple frames;

seat or support widths which are small or unknown; unrestrained hinge seats;
steel or precast sections simply supported on seats or piers; single column frames.

REASON(H):

NAHE : DATE:

NAME : DATE:

(Rev 6-09-90)

Figure 2.11: General plan review form, used by Caltrans engineers in the first level of
screening to determine which bridges required retrofit. Source: Brian Maroney and Jim
Gates, “Seismic Risk Identification and Prioritization In the Caltrans Seismic Retrofit
Program, Update.” SN December 1990, 7-21; Figure at 17. Used by permission.
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view was simply to exclude those bridges from the list which did not require retrofitting.
Caltrans had also been assigned the task of overseeing retrofit on over ten thousand
locally-owned bridges — those maintained by cities, towns or counties within Califor-
nia. This created a new set of problems, since general plans were not available for these
bridges. Bridge inventory forms were sent to these agencies so they could review their
own bridges (Figure 2.12).9

Based on the information from the general plan review and the inventory forms
from local agencies, a large number of bridges were screened out of the program. Then
engineers in SASA faced another daunting task: performing a full plan review on the
7,302 state and 5,138 local bridges remaining. Again, they called on engineers from
throughout the Structures Division and on retirees. According to one observer, “projects
were delivered fast and furious — stacking up everywhere.”?® Another recalls that people
would take stacks of plans home with them at night.”” It was only once this review was

completed that the full prioritization algorithm could be applied to rank the bridges.

A new approach

But the process was not yet over. The rankings produced by the weighting
procedure did not have a very wide range, which resulted in many bridges being given
the same prioritization numbers. Also, some results were not intuitively plausible. For
example, the Fort Sutter Viaduct in Sacramento — which runs directly outside the
windows of the Division of Structures offices — was ranked near the top of the list, even
though Sacramento is in a very low seismic zone.”® At this point, another engineer, Ann
Gilbert, joined Maroney in supervising the development of the prioritization algorithm.
She was recently out of graduate school with specific training in structural reliability
theory, and realized that much of the problem with the original weighting system was
simply that it added all the values.” For example, since seismic potential only accounted
for 12% of the final value, a bridge in an area with zero seismic potential could still be
high on the list if it had other vulnerable features or carried a lot of traffic.

There is a basic principle in engineering failure analysis that, if several inde-

pendent events must occur together for a failure to happen, the probability of failure



70

CALTRANS
DIVISION OF STRUCTURES
11739

SEISMIC RETROFIT INVENTORY FORM

BRIGENO. || | BRDGE NaME [

NUMBER OF INTERMEDIATE SUPERSTRUCTURE JOINTS (HINGE) !:]

(BENT)
SUBSTRUCTURE: COLUMNS: Y N PLANS Y N
(CHECK smeLecotomN: || [ avaasrez: [ ] []
APPROPRIATE [:I E}
BOXES) MULTI-COLUMN:
pERwALL: | | [_| ESTIMATEDADT:| |
PILE BENT: D D MAXIMUM COLUMN /
OTHER (DESCRIBE): f’cffécgfg&?Tz
ABUTMENTS: oto20: [ ]
sEaTABUTMENT: || [ ] 2010300 [ |
MONOLITHICABUTMENT: || || over3o: [ |
DEFINITIONS:

/—Monolil}u'c Abutment /— Superstucture Intermediate Joints 7 Seat Type Abutmc::/

U W\Lﬁﬁﬁ o~ = H
L — :

1
Column
| L T T [ ]
Single Column Muld-Column Pier Wall
PREPARED BY: OWNER o
DATE: ADDRF.ss;
[:] COMMENTS ON BACK (SKETCHES, ETC.) PHONE:

Figure 2.12: Bridge inventory form sent to local agencies during the initial retrofit screen-
ing process. Source: Brian Maroney and Jim Gates, “Seismic Risk Identification and
Prioritization In the Caltrans Seismic Retrofit Program, Update.” SN December 1990,
7-21; Figure at 19. Used by permission.
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can be obtained by multiplying the probabilities of each individual event. That way,
if the probability of one of the events is zero, the engineer will correctly conclude that
the probability of failure is also zero.'®’ If the events do not need to occur together
to result in failure, it is appropriate to add their probabilities to reach the final value.
Many prioritization systems follow simplified procedures because they are not meant to
precisely calculate probabilities of failure, but to roughly group structures according to
the relative risk they face. Since such an approach no longer seemed adequate to the
task at hand, Caltrans engineers put together a more sophisticated algorithm that added
or multiplied probabilities as appropriate. The ranking criteria were grouped into three
classes: Vulnerability (V) for structural characteristics, Hazard (H) for seismic potential,
and Impact (I) for social/economic significance. The criteria within each of these cate-
gories would be added together, since they all could independently contribute to failure,
but the coefficients for each of the categories would be multiplied together to reach a
final ranking. This would ensure that a structure with a low score in any single category
would have a low rank on the list, meaning that a bridge in a low seismic zone would
be low in the ranking regardless of its structural characteristics, and that a little-used
bridge would be lower on the list regardless of its structural or seismic risk.

Caltrans engineers still wanted to maintain some kind of relative weighting of
the three categories, however, since they were not considered exactly equal in importance.
The categories were weighted as follows: Vulnerability, 27%; Hazard, 33%; and Impact,
40%. The value in each category would be multiplied by a weight before all three were
multiplied together to reach a final value. The weights for each category, as well as
the weights for each individual factor which made up the categories, were determined
through yet another survey of Caltrans seismic experts.

By this point, Caltrans had established an external Seismic Advisory Board as
a result of political events surrounding the Loma Prieta earthquake. Around the same
time, Caltrans engineers noticed they had made a basic mathematical blunder in their
weighting scheme. Because of the associative principle, the weights assigned to each
category would have no effect on the overall ranking when the values were multiplied.

The formula
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Risk = (27 x V) x (.33 x H) x (.40 x I)
is mathematically equivalent to
Risk = (.27 x .33 x .40) x (V x H x I)

Whatever the weights were, then, they would simply change all of the final values by the

101

same proportion, leaving the relative ranking exactly the same. Some compromise

was required that would give the weights some meaning without doing away with the

advantages of multiplying the three main factors. The advisory board intervened here,

proposing that the algorithm be changed to'??

Risk = [V x H x I x [(.2T x V) + (.33 x H) + (.40 x I)]
Discussions continued with board members, who wanted to include a probabilistic mea-
sure of fault activity in the calculation in addition to the “Maximum Credible Earth-
quake” acceleration that had been used as the main indicator of seismic risk. After

further debate, a factor A was added which represented earthquake probability, and the

algorithm took on its final form:'03

Risk = [A x H| x [(.60 x I) + (.40 x V)]
Although the retrofit program was already underway, the bridges were reprior-
itized according to this new formula. To some at Caltrans, this seemed like an example
of the academic desire for exactness getting in the way of basic organizational common

sense. According to Jim Gates, the new system

didn’t change things too much. It was a kind of more of a minor refinement
I think, in just the way we put the numbers together. But that was a real
agony, in fact if I had to do over again I wouldn’t reprioritize, because it was
just, the way things work in our system, once you get things going down the
pipeline, the inertia’s so strong it just screws everything up. But we did it.
And that was not easy to change. But that’s one of the things that a lot of
people don’t seem to understand ...the only reason that we prioritize it is
to decide which projects to do first. ... There’s a commitment on the part
of everybody that we will go through the whole list and look at each bridge.
So the only thing the prioritization does is get the ones on the top of the list
into the system quickly. Once it gets into the system, then it’s worked on
[and] ...it doesn’t come out the other end until it’s done.!%*
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2.7 Expanding the risk community

Prior to 1984, the definition and mitigation of seismic risks at Caltrans was
generally an in-house affair. Although outside information from observations of earth-
quake damage and from knowledge of the research literature did play a role, it did so
only through the interpretative efforts of Caltrans engineers. Laboratory testing was
restricted to the relatively limited capabilities of the Caltrans laboratory. Data about
cable strength for restrainer design were obtained from this facility, for example, but full
scale tests of the restrainer units were never done. During the 1970s, Caltrans did fund
some research — apparently analytical, rather than experimental — at U.C. Berkeley,
some of which played a role in the hinge retrofit program. Other research during this
time period was either done in-house or was mostly analytical. Caltrans also participated
in a study of bridge columns by the National Bureau of Standards in 1983, which was
supposed to test column retrofit measures, but apparently was not completed.'% It does
not appear that any of this research had a very large impact on Caltrans definitions of

seismic risk, since it is rarely mentioned in documents from the period.

Researchers

The first substantial research that Caltrans funded on a specific seismic issue
was initiated in 1984 with UCLA professor Lawrence Selna. He performed a series of
tests on full-scale models of joint restrainer units. This research indicated that the joint
restrainers tended to fail by pulling through the concrete in which they were anchored,
rather than by stretching in a ductile way, and suggested other problems with the design
of the restrainers. Unlike previous research, this led to immediate changes in design
practice and in the section of Caltrans code dealing with restrainers.'% By the time this
research was completed in 1987,'%7 Caltrans had already initiated contacts with U.C. San
Diego to test steel-jacket retrofitting of bridge columns, as described previously. After
the Whittier earthquake in 1987, Caltrans expanded this research and initiated other
research projects at San Diego. This was ongoing when the Loma Prieta earthquake hit
in 1989.

Following that earthquake, the California state legislature dramatically in-
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creased the Caltrans budget for retrofit. A significant portion of this funding, roughly
$10 million, was spent on research in the two years following the earthquake.!® Since
then, spending on research has been maintained at $5 million per year, although not
without some difficulty as the memory of the earthquake fades.!®® Caltrans solicited
research proposals and by December of 1989 had over 50 to choose from.''? This list
was quickly pared down to only the crucial projects, and by the end of 1991, 16 con-
tracts had been executed and 8 were in negotiation. The projects that were selected
reveal a distinct geographical bias toward California and the west. The vast majority of
these were with researchers at University of California campuses in Berkeley, San Diego,
Davis, and Irvine. Some projects went to the private University of Southern California
and to private firms and research institutes based in the state. Proposals from North-
western University, the University of Michigan and the University of Texas were rejected
— although research was later funded at Texas A&M University. The only out-of-state
institution to receive substantial funding was the University of Nevada at Reno, close to
the California border and within a 2-hour drive of Sacramento.'!!

None of this was accidental. According to Jim Gates, research was spread out
over several different campuses to avoid the appearance that Berkeley or San Diego
had special access to Caltrans resources. Caltrans engineers also wanted to build up a
community of researchers within the state who could address their research needs. This
reasoning was also behind the decision to fund very little research outside the state or
very far from California’s borders.!'? There were undoubtedly political considerations
involved as well. As the increased level of research continued, Caltrans established an
internal committee to establish research priorities, as well as an external committee
composed of faculty from California universities, most of whom were actively involved

in Caltrans-funded research.

Outside reviewers

The research committee was only one of numerous outside advisory panels that
oversaw work at Caltrans following the Loma Prieta earthquake. This was partly because

of the recommendations of the Governor’s Board of Inquiry, and partly because Caltrans
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management believed that some degree of outside oversight would help insulate them
from criticism.''® There were peer review panels for many specific projects, and a Seismic
Advisory Board was established to give advice on overall seismic policies at Caltrans.
All of these panels, with the exception of the previously mentioned research committee,
were composed of practicing engineers as well as academic researchers, although the
academics tended to play a more prominent role. By funding mostly researchers within
the state, and then bringing these same people in to serve on advisory panels, Caltrans
created a well-defined group of advisors with close ties to Caltrans engineers. This made
it possible for these outsiders to be integrated into the Caltrans risk community with

relatively little conflict.

The risk community and the risk network

This dramatic expansion of the risk community led to many changes in the risk
network at Caltrans. With the inclusion of academic researchers, the risk network came
to include laboratories and all of the testing and data collection systems, analysis tools,
and technical personnel associated with them.''* Test results were increasingly incorpo-
rated into design practices and codes, as in the case of steel shells (Figure 2.13) and hinge
restrainers. And because researchers were involved in the design process through peer re-
view, they often proposed testing to resolve difficult design choices on specific projects.
This changed the risk network by making it possible to empirically show that unfamiliar
retrofit technologies and design approaches worked, where these methods might previ-
ously have been rejected because of uncertainty about their effectiveness. Researchers
proposed many of these new design methods themselves. For example, U.C. San Diego
professors Priestley and Seible introduced a new method called “displacement ductility
analysis” to Caltrans engineers.!'® This new approach made it possible to eliminate the
“Z” factors that had previously been used to take ductility into account and calculate
the ductility of each column directly. This represented a significant change in the way
the risk posed by columns was understood. The members of the Seismic Advisory Board
also played an important role in many decisions about risk, as in their contribution to

the development of the prioritization algorithm, described earlier. In fact, there were few
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Figure 2.13: Steel jacket thickness calculations from Caltrans code. One of the approved
methods is based directly on test results from U.C. San Diego. Source: Caltrans Memo
to Designers 20-4, Attachment B, August 1996, Figure B1, p. 4. Used by permission.
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aspects of the risk network that these new members of the risk community did not affect

in some significant way. These impacts are described in greater detail in later chapters.

2.8 Conclusion

When a Caltrans engineer looked over design drawings for a bridge in 1970,
seismic risks did not stand out. During design, these risks were taken care of through
relatively simple calculations, a minor part of the total task which rarely governed struc-
tural choices. The procedure must have seemed rather abstract: part of the state-of-the-
art, a symbol of Caltrans’ technical sophistication, probably not associated in anyone’s
mind with nightmare images of crushed concrete and twisted steel.

The San Fernando earthquake was so significant because it presented Caltrans
engineers with piles of rubble in place of structural theories. The earthquake “told” them
not only that their structural calculations had significantly underestimated the extent
of the risk, but that these theoretically-informed calculations did little good if nothing
was holding the expansion joints together, if columns weren’t ductile, if reinforcing bar
could pull out of footings. So these details were analyzed and improved, new methods for
calculating structural forces were introduced, and a more sophisticated accounting was
made of what hazard could be expected at a given location. First joints, then columns
were retrofitted. Increasingly sophisticated methods for weighing one risk against another
and prioritizing bridges for retrofit were developed. New actors appeared on the scene.
Different design details were tested in laboratories. New approaches to understanding
ductility were introduced from academia. By the end of this story, an engineer looking at
design drawings for a bridge saw a whole tapestry of risk laid out in front of them, dozens
of small details that could bring down a structure if not attended to. Complex seismic
calculations ran throughout the design process, often becoming the primary issue on a
designer’s mind. From a subjective standpoint, this is what it means for a risk network
to grow, as risk objects multiply and methods of displacing risk flourish all around them.

Nature can sometimes confront human beings in frightening and incomprehen-
sible ways. Natural disasters and accidents, particularly those that are unprecedented or

surprising, may be so far removed from existing social categories that they initially seem
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to be beyond comprehension. Under such circumstances, human beings usually work
very hard to come up with new categories, to socially construct the world in a way that
makes an event meaningful. People are usually successful at this, so long as the existing
social fabric remains intact. Failure to construct meaning can lead to intense anxiety
and alienation and an inability to take action that can lead to further catastrophe.

The classic example of an extended loss of meaning of this sort is the experience
of the survivors of the Buffalo Creek flood, described in Kai Erikson’s Fverything in its
Path.''7  Faced with the nearly complete destruction of their community, and with
normal social routines destroyed by relocation efforts, many survivors were unable to
make any sense what had happened for many months afterwards. Another example
can be found in Karl Weick’s re-analysis of Norman Maclean’s account of the death of
13 “smoke jumpers” during the rapid “blow up” of a Montana forest fire. '8 Weick
argues that the disintegration of social roles within the group of firefighters in the face
of a rapidly-evolving, terrifying situation made it impossible for them to collectively
construct a coherent interpretation of events. As a result, they were unable to respond
to the unexpected conditions in a meaningful way.

In the San Fernando earthquake, Caltrans engineers were confronted with a set
of events that did not immediately make sense. The extent of damage was completely
unexpected, and furthermore Caltrans engineers had never been faced with the task of
drawing lessons from actual earthquake damage. In order to make the event meaningful,
they had to put a great deal of effort into developing new engineering categories to explain
the damage, and new organizational routines for incorporating this knowledge into design
practice. They had to work to construct an elaborate risk network containing many
different specific risk objects where only a rudimentary network had previously existed.
Through these efforts, earthquakes were “domesticated” at Caltrans, transformed from
wild outsiders that could only cause destruction to integral parts of the risk network
which engineers could rely on to tell them about the weaknesses of their bridges.

Why does the 1989 Loma Prieta earthquake not play a similar role in this
narrative, which encompasses events surrounding that earthquake? In fact, it did not

have a significant transformative effect on the risk network at Caltrans, at least not
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directly. Caltrans engineers do not say that it told them anything fundamentally new
about their bridges, and, unlike the San Fernando earthquake, it is not noted as having
had a decisive impact on design practice. While the public response to the earthquake
was focused around the collapse of the double-deck Cypress viaduct in Oakland, many
at Caltrans felt that this did not teach them anything new, because the deficiencies of
structures from this era were already well-known — there just had not been enough
funding to retrofit every bridge that needed it.!?

The changes that were introduced into the risk network after Loma Prieta were
largely tied to the expansion of the risk community in response to public concerns rather
than to the earthquake itself. New techniques for calculating seismic forces and ductility,
for example, came from contacts with academic researchers, not out of observations of
earthquake damage. These methods were used within the academic community even
before the earthquake. So although the Loma Prieta earthquake did have a significant
effect on the risk network, the quake itself did not play a significant role in the definition
of new risk objects.

The low profile of the Loma Prieta earthquake in the risk network at Caltrans
is an indicator of the extent to which earthquakes have been domesticated within the
organization. Most of the damage caused by earthquakes since San Fernando has been
integrated into existing categories of risk with little difficulty. Each new earthquake has
tended to confirm the soundness of the existing risk network rather than transforming it.
Earthquake effects are also anticipated through laboratory testing of structural compo-
nents under simulated seismic conditions. Large earthquakes have come to be expected
events, rather than anomalies, in the thinking of Caltrans engineers.

In addition, standard organizational routines have been developed for respond-
ing to and learning from earthquakes. The most significant development in this respect
is the establishment of an organized Post-Earthquake Investigation Team to observe
earthquake damage and draw conclusions from it. FEven where earthquakes produce
some anomalous effects, such as the unexpected damage to flared columns observed in
the 1994 Northridge earthquake, pathways are already in place for noting the damage,

deciding if a potential problem exists, executing research contracts, and integrating the
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results of testing into design codes.

Of course, it is always possible that future earthquakes may overwhelm exist-
ing routines and expectations. Saying that earthquakes have been domesticated within
existing risk networks at Caltrans simply means that members of the risk community
think and act under the assumption that they now know how to handle earthquakes. But
most Caltrans engineers will admit to the possibility that their current understanding of
earthquakes may be challenged someday — perhaps when the “Big One” finally arrives.

Meanwhile, they are cautiously optimistic.

Figures 2.6, 2.7, and 2.11-2.13 are used with the permission of Caltrans. Figures 2.2-2.4
are from the EQIIS image database of the Earthquake Engineering Research Center,
University of California, Berkeley; the center permits them to be freely reproduced.
Figures 2.1 and 2.5 are from the report of the Governor’s Board of Inquiry on the 1989

Loma Prieta Earthquake, which specifies that excerpts may be reprinted.
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Chapter 3

Going Public: Engineering, Media
and the State

3.1 Introduction

On October 17th 1989, a strong magnitude 7.1 earthquake hit northern Cal-
ifornia, centered about 60 miles south of San Francisco near the city of Santa Cruz.!
This tremor was called the Loma Prieta earthquake after a peak in the Santa Cruz
mountains near the epicenter.? Although smaller communities to the south were much
more strongly affected by the quake, the most striking damage was to the San Francisco-
Oakland Bay Bridge and to the Cypress viaduct, a double-decked segment of Interstate
880 in Oakland. 41 of the 62 deaths attributed to the earthquake occurred when the top
deck of the Cypress structure fell onto the bottom deck (Figure 3.1).> The Bay Bridge
was closed to traffic after one segment of its upper deck slid off its seat, tilting down
to rest on the roadway below (Figure 3.2). Since these were Caltrans structures, the
department became the center of controversies that took shape in the news media, in
a number of hearings before legislative bodies, and finally through a board of inquiry
convened by the governor. Here, I focus on the interactions between technical experts
and government officials in two of these arenas, the media and the board of inquiry, since
these seemed to have played the most decisive role in defining the problem at hand and

generating solutions to it.

88
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The way events played out in these two arenas reveals the sources but also
some of the contradictions of professional power. The media almost automatically grant
a certain degree of authority to professional interpretations of problems with technical
components. In part, this is because professionals, as credentialed experts, fit the mold of
good news sources. Another important reason is that professional groups often have an
opportunity to develop coherent interpretations of particular problems long before they
become public, and so can speak authoritatively right away. In the wake of the Loma
Prieta earthquake, Caltrans engineers exploited these facts in order to get reporters to
accept their interpretation of events as legitimate instead of seeking scandal at Caltrans.

After the Loma Prieta earthquake, the political establishment in California
turned over much of the authority to investigate the causes of damage to the Cypress and
Bay Bridge structures to a board of inquiry composed entirely of technical experts, most
of them engineers. Such expert advisory panels are appealing to government officials
because they can turn what might be a messy public debate into a dialog between
professional peers. The civil engineering profession in the state gained a certain amount
of autonomy through this arrangement, using the panel to establish professional oversight
of Caltrans design practices and to resolve other intra-professional issues. However, as is
often the case when experts give advice to government, politicians were able to use the
credibility of these engineers for their own purposes while giving them little real power

outside of a limited professional domain.

3.2 Media

The news as a public arena

The first part of this chapter looks at explanations for damage to freeway struc-
tures as they were reported in the news media, specifically California newspapers. It
focuses primarily on the collapse of the Cypress viaduct because this is where much of
the media attention focused. However, it is not primarily an analysis of the activities of
reporters, but focuses rather on the claims and counter-claims made by engineers and

public officials with the media as their forum. Of course the news media, like any other
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Figure 3.1: Part of the collapsed portion of the Cypress Viaduct in Oakland following
the Loma Prieta Earthquake. Source: Loma Prieta Collection, Earthquake Engineering
Research Center, University of California, Berkeley.

Figure 3.2: Collapsed deck segment of the San Francisco-Oakland Bay Bridge after
the Loma Prieta earthquake. Source: Loma Prieta Collection, Earthquake Engineering
Research Center, University of California, Berkeley.
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public arena, has a strong influence on the way claims are made, problems are con-
structed, and blame is allocated within it. Journalists follow routines for constructing
stories that tend to “frame” issues in characteristic ways.® But the ability of the news
media to sustain a particular interpretation of events is also heavily constrained by other
journalistic conventions.

In particular, reporters become dependent on sources, the organizations and
individuals that provide the facts and quotations that are the basis for a story. Jour-
nalistic norms of objectivity are now widely taken to mean that reporters should avoid
explicit interpretation of events, instead using only those interpretations that are sup-
plied by sources.” When reporting on controversies, especially those with a scientific or
technical basis, reporters tend to avoid analysis of the content of the problem, instead
following a “polarized” style in which the views of opposing experts are contrasted to one
another with little further interpretation.’ In addition, reporters often come to identify
with their sources, accepting aspects of their view of the world, both because they need
to maintain good relationships with the sources and because their status in the eyes of
other journalists is partially tied to the status of the sources they have access to.”

Although reporters and news organizations do exercise considerable control over
the selection and promotion of problems, they often function more as “gatekeepers” who,
through their selection of sources, determine which actors are able to gain access to the
news arena. They tend to overwhelmingly select government officials and, secondarily,
credentialed experts since they are regarded as the most authoritative sources.® The
relatively small group of actors who are allowed into the arena have substantial freedom
to make claims, push agendas, and react to statements made by others, even if their
actions are limited by the way the arena is structured. In these respects, however, the
news media is not very different from other public arenas — political institutions, for
example — in which problems are defined and constructed. It is an arena in which

sources can legitimately be said to interact with each other, not just with reporters.
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Physical causes

In the days following the October 17th earthquake, the media reported a num-
ber of different stories about why the Cypress viaduct collapsed. These accounts gener-
ally fell into two distinct categories: those focusing on the immediate physical causes of
the collapse, and those focusing on human agency.” The physical causes of the collapse
were given significant space in news stories following the earthquake, but the issue was
settled quickly and soon disappeared from media accounts.

Initial reporting on the earthquake focused almost entirely on its impact on peo-
ple, on rescue efforts and reports of damage and injury. However, discussions about the
causes of the collapse began to appear on October 19th, the second day of press coverage.
Reporters relied almost entirely on sources in the engineering profession, both practic-
ing engineers and university researchers, in their articles about the physical reasons for
the collapse. A significant exception in some of the initial stories was State Assembly-
man Richard Katz, the chair of the Assembly’s transportation committee. Katz gave
a confident analysis of the problem, locating the cause in the columns. The San Fran-
cisco Chronicle summarized Katz’s analysis: “the difficulty arises from the fact that
in an earthquake, stresses can pull the left-hand columns further to the left and the
right-hand columns further to the right, causing the freeway to drop cleanly through
the middle.”'% While Katz’ explanation would be considered a bit naive by most struc-
tural engineers, it was not entirely inconsistent with their initial explanations. On the
same day, the Los Angeles Times quoted a practicing engineer and a well-respected U.C.
Berkeley professor, both of whom blamed the collapse on insufficient reinforcement of
the columns.!!

This story of insufficient column reinforcement no doubt made sense to these
engineers because they were aware that Caltrans had been planning to retrofit bridges
for just this reason. But attention almost immediately turned to a somewhat different
explanation, first articulated in the press by Nigel Priestley of U.C. San Diego. Priestley
suggested that the real weakness was the lack of continuous reinforcement between upper
and lower segments of the columns on the elevated structure. Although he conceded

that the columns were “under-designed by today’s standards” he claimed that the joints
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between column segments were “the real weak link.” 2 On October 26th, several academic
earthquake experts gave a press conference at U.C. Berkeley essentially confirming this
analysis. Professor Jack Moehle cautioned that “the failure of the (Cypress viaduct)
was a failure of the whole system (of the viaduct). It’s a very complicated structure,”
but explained that “there was no reinforcing steel to hold the upper columns in place
under heavy loading, which means those columns could break loose and drop. When the
column breaks free, it slides out and the deck comes down” (Figure 3.3).13 Although
there was some discussion at the press conference of the possibility that the structure
resonated at the same frequency as the earthquake shaking, making it more vulnerable
to collapse, in newspaper reports the joints were clearly emphasized as the main cause.™
In the next day’s Chronicle, Jim Roberts of Caltrans is quoted as agreeing with this
assessment. !9

After reporting this remark from Roberts, the newspapers printed very little
further about the physical cause of the collapse until it was discussed again by the Gov-
ernor’s Board of Inquiry. The idea that it was the joints that failed was still mentioned
occasionally, but no new authorities were cited. The media treated this issue as having
been definitively decided — or at least, as lacking in news value — after the engineering

community appeared to have reached consensus on the issue.

Blame

In contrast to physical causes, there was a much greater variety of stories about
human responsibility for the Cypress collapse, and these stories were given much more
prominence for a longer period of time following the earthquake. “Winning” media ac-
counts — those seen as having the greatest news value by journalists and editors —
tend to focus on individuals and their motivations, rather than abstract physical and
social forces.! Because of this, the news media tends to frame situations of natural,
technological, or social disorder — all of which certainly come into play after an earth-
quake — as “moral disorder” stories. The classic form these stories take is “exposés”
that “reveal instances of legal or moral transgression, particularly by public officials and

other prestigious individuals who, by reason or virtue of their power and prestige, are
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Figure 3.3: This damaged column from a section of the Cypress Viaduct that did not
completely collapse illustrates the failure of the joint at the level of the lower road-
way, which engineers agreed was the main cause of the disaster. Source: Loma Prieta
Collection, Earthquake Engineering Research Center, University of California, Berkeley.
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not expected to misbehave.”1”

Engineers both inside and outside of Caltrans felt that reporters started out
looking for a “smoking gun” within Caltrans.'® Journalism scholar Conrad Smith con-
ducted a survey of news sources cited in reporting on the Loma Prieta earthquake. A

U.C. Berkeley engineering professor commented:

Coverage by local newspapers in the Bay Area was very sensational. I was
interviewed many times by these reporters about the earthquake and in most
cases I felt the most important item in their mind was to find out if there is
a ‘Watergate’ case here. Rather than trying to obtain technical facts from
me ...the local newspapers were mostly interested in discovering a scandal
of a grand scale, maybe for a Pulitzer.'¥

Another engineer reported that “the young, well-meaning reporters consistently begged
me to ‘really tell ’em who is at fault,” there must have been someone who knew the
Cypress was going to collapse, come on, tell us who it was.”?° An engineer who had been
involved with the original construction of the Cypress viaduct found that “the reporters
who called me after the collapse were all convinced that there was one engineer sitting
on a porch somewhere drinking a martini, and that he was fully and completely to blame
for the collapse.”?!

Although such lurid stories never actually appeared in news accounts, probably
because reporters could not find any sources who would make such claims, some stories
did appear that suggested, in a more subtle but somewhat inconclusive way, that Caltrans
engineers might be to blame for the collapse. One track this took was speculation about
whether mistakes had been made in the design and construction of the Cypress structure.
Reporters were evidently asking questions on this subject, because Jim Roberts, who had
been involved with original construction, had explain that the Cypress was built “exactly
in accordance with their plans and specifications” and said he was sorry for those who
lost loved ones, “but do I feel guilt? I don’t, because there was nothing we did that
was out of line with what was required.”?? A few days later, a former Caltrans engineer
was quoted as saying the Cypress had not been built according to prevailing design
standards as specified in a 1952 manual of the Concrete Reinforcing Steel Institute.
Roberts responded that the freeway had been built according to the standards of the

American Association of State Highway Officials, and if it were flawed, “a whole lot of
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people who are paid to review the construction, including the federal government, which
comes back and does an audit inspection, didn’t do their jobs.”?3 This line of speculation
quickly disappeared, again perhaps because there were not enough authoritative sources
willing to sustain it.

Reporters still seemed to be looking for a scandal within Caltrans, however,
which was reflected in coverage of an apparent dispute within Caltrans about whether
the technology to retrofit the Cypress existed or not. Assemblyman Katz had stated,
when interviewed two days after the quake, that Caltrans knew about problems with
the Cypress but had not been able to develop the technology to fix it.?* A number of
engineering sources suggested the opposite, that the technology existed but that money
was not available. Caltrans Chief Engineer William Schaefer seemed to support Katz’s
contention, stating that existing retrofit methods, such as steel jacketing, had not been
tried on multiple-column structures like the Cypress: “We really don’t have the expertise
to know what to do to fix these ...we don’t have the technical knowledge, nor does it
exist anywhere in the world,” noting that research was underway at U.C. San Diego to
develop the technology.?

Shortly thereafter, an anonymous engineer described as a “high ranking seismic
expert” at Caltrans spoke to the Los Angeles Times and contradicted Schaefer, claiming
that the technology to retrofit structures like the Cypress had existed for nearly 20 years,
but had not been used because of budget limitations. Schaefer responded that it was
not known whether steel jackets would work on multiple-column structures, but “if we
understood how to put those same steel jackets on the multiple-column structures, that
probably would have worked.” However, “we don’t know how to do that yet.” 26 Finally,
Jim Roberts spoke to the press and acknowledged that the technology did exist, but that
any retrofitting would have to be temporary and not “pretty” since more research was
required on how to implement the technology.?”

It is not entirely clear what the news media saw as being at stake here, but the
suggestion initially appeared to be that Caltrans might somehow be responsible for the
collapse had retrofit technology been available but not used, but could not be blamed if

the technology did not exist. The alleged dispute seems to have been largely a semantic
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one, however, and it is not clear whether the engineers quoted actually disagreed with one
another or were just presenting their opinions differently. In the end, as sources clarified
their remarks, it became apparent that there was no simple answer to the question of
whether the technology existed, and this moral disorder story ceased to be of interest to

the media.

Politicians vs. engineers

Attempts by the media to find an engineering scandal at Caltrans were prob-
ably fed, in large part, by the remarks made by many politicians after the earthquake.
Initial reports about possible human or political responsibility for the Cypress collapse
revealed a striking disjunction between the expectations of politicians and engineers
about the survivability of freeway structures, particular older ones like the Cypress.
Political figures, like most of the general public, appear to have been extremely and
perhaps unrealistically confident in the ability of the transportation system to survive
a major earthquake intact. When Governor George Deukmejian, on a trip to Germany,
was woken in the middle of the night by reporters and asked about the Cypress collapse,
his response was “I was always under the impression that they were built to withstand
that kind of quake.”?® The following day, he made similar comments, which were printed
alongside an incorrect statement by Assemblyman Katz that all freeways in the state
were supposed to survive an earthquake of magnitude eight or greater.?? Two days later
the Governor’s chief of staff made an even stronger statement that seemed to place the
responsibility for the disaster squarely on Caltrans. He claimed that “the governor was
assured by Caltrans that the freeways would withstand an earthquake of Tuesday’s mag-
nitude” and that the governor would have ordered the Cypress viaduct closed if he had
known there was a risk. He added, “there was no indication that something like this
would occur. Something obviously went very, very wrong and we’re determined to find
out what it is, so we can prevent it from happening again.”3’

In sharp contrast to these views, engineers interviewed by the newspapers ex-
pressed little surprise about the collapse. Unlike the politicians, they appeared to be

familiar with the history of seismic issues at Caltrans. An engineer associated with the
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California Seismic Safety Commission explained that the Cypress structure consisted of
“nonductile concrete, a well-known type of hazardous construction,”! and Vitelmo Bert-
ero of U.C. Berkeley added that “this is a problem typical in many bridges . ..they were
designed many years ago.” A civil engineer based in Berkeley described how Caltrans
had been trying to address seismic problems with existing bridges since the 1971 San

Fernando earthquake.??

In contrast to this lack of confidence, Caltrans seismic expert
Ray Zelinski told the Los Angeles Times “we didn’t think a total collapse was a real
possibility,” although not everyone at Caltrans had been so confident.??

After these comments were printed, politicians like Deukmejian and Katz, per-
haps pushed by the media, seemed to realize that their assumptions about seismic safety
had been wrong, and that there were known problems with freeway structures in the
state. Deukmejian’s remarks took on a defensive tone as he backtracked from his claim
that Caltrans had assured him all freeways in the state were safe from large earthquakes.
Instead, he made the negative claim that “at no time have they ever said ‘Governor,
there’s a possibility that these bridges or double-decked freeways might collapse in an

734 Mean-

earthquake.” Never at any time had I been given that kind of information.
while, Katz took a different approach that was to set the tone for later debate, asking
why it was that the retrofit program hadn’t been completed after 18 years if Caltrans
knew there was a problem.?®

As the engineering community was able to effectively neutralize the rather in-
flammatory rhetoric of the politicians, questions about engineering misconduct seem to
have been resolved decisively in Caltrans’ favor in news accounts within a few weeks of
the quake. The extent of the media’s conversion was evident when San Francisco Super-
visor Bill Maher held a news conference in November suggesting that he would “like to
see Caltrans consider prosecution for the people who designed the freeway that murdered
people.” The San Francisco Chronicle noted that “no other politician has called for pros-
ecution of the freeway’s designers” and caught Maher on the defensive as he insisted his
remarks “were not a political ploy” designed to bolster his long-time campaign to have
the Embarcadero freeway in San Francisco — a double-deck structure like the Cypress

— demolished.36
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Politics-as-usual

As efforts to find a scandal at Caltrans were frustrated, media accounts turned
their attention to another “moral disorder” story about political conflict between the
governor and other state officials. Rather than looking for wrongdoing at Caltrans,
reporters simply began to tell a polarized, two-sided story in which opposing interests
were given roughly equal space to make their case. The dispute was mainly between
Governor Deukmejian and Caltrans, and centered on the question of who was responsible
for the lack of funding and slow pace of seismic retrofit. This theme was summarized
concisely by a highway contractor quoted in the San Francisco Chronicle: “It’s the classic
problem — Caltrans wants more money for highway maintenance and you can’t get the
politicians off the dime.”3"

The first volley in the debate came from Professional Engineers in California
Government (PECG), a group representing many Caltrans engineers. After Governor
Deukmejian’s early suggestion that Caltrans was to blame for the collapse, the group
said in what the Los Angeles Times termed “a scathing news release” that if Deukmejian
wanted someone to blame, “he needn’t look any further than his own bathroom mirror.
Year after year, Caltrans requested funds to hire the staff needed to do its work. Instead,
the governor imposed hiring freezes and budget cutbacks. ...No wonder that now,
18 years after the Sylmar [i.e., San Fernando] quake, a ...project to strengthen these
bridges is only one-third complete.” In the same article, the afore-mentioned anonymous
Caltrans engineer stated that retrofitting had not occurred because of budget and priority
considerations, that “there is only so much money” and “you just get caught in trying
to spread the money where it is best used.”3® The following day, former governor Jerry
Brown, who had been responsible for dramatic cuts in Caltrans’ budget in the mid-
1970s, appeared on CNN and said of highway maintenance, “I didn’t make it enough [of
a priority], and I don’t think George Deukmejian learned from what I didn’t do. The
money must be invested. That means taxes; that means bonds.”3?

Deukmejian responded angrily to these remarks: “No one has ever said to me

there hasn’t been enough money to carry out repair (and) maintenance work for public

safety. Listen, the safety of the people comes first. I mean, that comes before relieving
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traffic congestion. And certainly if there’s anyone in Caltrans — or anybody else in the
state — who would think otherwise, they don’t understand what our policy is.” He added
that “all of the priorities that Caltrans recognized (as) needed to be accomplished have
been accomplished. To my knowledge, any request that we have received [for funding]
... for work relating to protection against seismic activity ...has all been approved and
authorized. Nothing has ever been turned down or denied.”4?

Caltrans’ side of the story was presented in more detail in a carefully researched
October 26th article in the Los Angeles Times. The Times spoke to a number of current
and former Caltrans engineers who reported that their anxiety about getting the retrofit
work done was countered by a grim financial situation and the need to address other
priorities. Former head of the Division of Structures Oris Degenkolb said he had urged
faster work because “you knew an earthquake was coming” and “there was going to be
a catastrophe coming out of it and something ought to be done about it before we get
caught with our pants down.” One engineer said Caltrans engineers felt lucky to get the
money they were getting for retrofit: “We were all champing at the bit and wanting to
get it done” but “the money was the main drawback on why we weren’t moving faster.”
Another said “the attitude was there was only so much money and that’s it.” Some
unnamed “top Caltrans and Administration officials” were said to believe that “every
aspect of highway construction and maintenance has been affected by a shortage of
gasoline tax funds that began with the Arab oil embargoes of the 1970s.” The California
State Finance Director disagreed, stating that “we put a lot of money into highways —
there has been a lot of rehabilitation, a lot of widening, a lot of safety work. So it just
doesn’t make sense to say there is a chill in the air that has scared people away (from
requesting funds for earthquake safety).”4!

Under financial pressure, according to Caltrans officials, it was a legitimate
choice to make trade-offs between seismic retrofit and other needs. Caltrans Director
Robert K. Best acknowledged that retrofit “was not the highest priority in the depart-
ment for the expenditure of whatever funds became available. It’s just as simple as that.”
Chief Engineer William Schaefer said “I could not in good conscience say we would focus

every dime on earthquake safety programs to the exclusion of every other program.” An
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unnamed “senior transportation official in a previous Administration” explained that
a trade-off was often made between seismic safety and fixing so-called “blood alleys,”
or sections of freeway where many accidents occur, for example by regrading or adding
median barriers. “The debate always was whether you worked on a freeway such as this
or fixed the blood alleys. The blood alleys always won out over questions of structural
integrity. It was a case of some obscure engineering report that says there may or may
not be a problem someday versus a freeway where people are getting killed now.”*? This
reasoning was amplified in remarks by Jack Moehle of U.C. Berkeley, who stated in a
press conference that Caltrans shouldn’t be “greatly castigated” because it is necessary
to balance the risk against the cost of retrofitting. “There are limits to what one can do,”
he said, “to bring all buildings and bridges up to code would (financially) ruin society.”*3

By this point, Governor Deukmejian and his aides were no longer making many
public statements on the funding issue, instead focusing their remarks on the board
of inquiry that was being convened to look into the causes of the damage. But by
December, other political figures seemed to be shifting their statements in Caltrans’
favor. Assemblyman Katz, while critical of Caltrans, seemed to find their explanation
plausible. In an article that chronicled Caltrans’ financial woes in considerable detail,
the Los Angeles Times reported that Katz “believes that the engineers fell victim to
an attitude typical of bureaucracies.” Katz explained, “they’re too willing to accept the
answer of ‘we can do it tomorrow if we can’t do it today.” And if you've gone through
Caltrans under eight years of Jerry Brown and gotten your brains beaten in pretty bad,
and then Deukmejian’s early signals were that it’s not going to be much different in
terms of more staff for engineering or more money for roads, my guess is that after eight,
10, 12, years of that, you decide ‘What’s the point?’”%* State Senator Quentin Kopp,
head of the Senate Transportation Committee, said Caltrans “became the whipping boy”
because “they were an easy target.”?

By June 1990, when the Board of Inquiry report came out, the conflict between
Caltrans officials and the Governor seemed largely to have died out. Instead of seeking to
put blame on one another, both Caltrans Director Robert Best and Governor Deukmejian

were looking forward, trying to convince the public to vote for a ballot proposition
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(Proposition 111) that would increase the gasoline tax and provide the funding necessary

for a full-scale retrofit program.*6

Exploiting journalistic conventions

Many engineers felt that Governor Deukmejian’s remarks after the earthquake
provided added motivation for the media to seek out a scandal at Caltrans. According

to Jim Roberts,

It was unfair because we had a governor who was in Germany when he got
the news and he said I was led to believe these bridges were all safe. 1 have
no idea where he got that feeling or that impression, because we had just
put a little video together showing what we were going to do, and we were
just embarked on the program. ...Obviously some staff has fed him that
information ... he essentially ...said we're going to find the guilty parties, he
used words like that. Of course ...you look at his background, he’s a district
attorney and law enforcement’s his whole life ... before he was a governor,
and I think that he was totally misinformed.

To add insult to injury, when the governor arrived in Oakland from Germany the day
after the earthquake, Roberts and Caltrans Director Robert Best met him at the airport:
“we were there to explain . ..some of the facts to him, and our director couldn’t even get
close to him, there were so many press and politicians around.” Before they had a chance
to speak to him, he held a press conference and repeated the same “misinformation.”*”

Under pressure from the media and with little prospect for help from higher
political levels, Caltrans administrators and engineers decided that they would have to
win the media over in order to avoid becoming political scapegoats. The most inten-
sive scrutiny came from the Los Angeles Times, which wrote to Robert Best two days
after the earthquake, asking that Caltrans provide copies of “all reports, notes, memos,
correspondence, supporting documents and any computer-stored data gathered by your
department after the Whittier earthquake of October 1, 1987 concerning the seismic
safety of all single- and multiple- column freeway structures in California” under the
provisions of the California Public Records Act.*® Legal counsel for Caltrans responded,
noting the difficulty in making copies of all these documents with time in short supply

and inviting Times reporters to go through Caltrans files in person in Sacramento.’
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Jim Gates, who supervised Los Angeles Times reporters’ access to files, recalls

[43

that the process “was kind of scary” and that reporters initially misinterpreted some
documents to suggest an ongoing dispute between him and Nigel Priestley over some
aspect of research at U.C. San Diego. But the process also put Caltrans engineers in
close contact with reporters from the Times, which gave them an opportunity. According
to Gates, they were able to get their views across to a key Sacramento-based reporter:
“we finally sat down with her and explained to her what was going on, and they finally
understood. ...Once we turned the L.A. Times around, everything was okay.”*® The

general strategy was to be as open and responsive to media inquiries as possible, as Jim

Roberts explains:

I mean I did press conferences for two weeks every day, [for an] hour, an hour
and a half, after that earthquake, and it took us well over a month to turn the
San Francisco Chronicle, the San Jose Mercury News, and the Los Angeles
Times around. And once they got turned around and they understood the
whole thing was budget-driven, they became fairly supportive of us ...we
basically educated the press, we gave them a status report every day, and
any question they asked we either answered or got an answer [to].>!

At the same time, management was trying to limit the number of conflicting
statements from Caltrans engineers that appeared in news stories, such as the remarks
of the anonymous seismic expert disputing Chief Engineer Schaefer’s claim that the
technology did not exist to retrofit structures like the Cypress. Schaefer sent a memo to
all engineers telling them that “the buck stops here” and that if they have problems with
statements made by him or Jim Roberts, they should bring them to the attention of the
Caltrans Ombudsman rather than the media.®? On November 7, Robert Best sent out a
memo stating that “Caltrans employees are to be complimented for their effective efforts
in providing information to the public during this difficult period” but ordering that
all further media contacts on earthquake-related issues should be directed through the
public affairs office.?® At some point between October and December, Caltrans had also
initiated a contract with consulting firms Cygna and ICF/Kaiser to develop a “public
awareness program” on seismic issues. The firms provided a number of suggestions not
only on how Caltrans ought to deal with the public and the media, but also on how they

could respond to questions raised by the Board of Inquiry.?*
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Caltrans was able to exploit journalistic conventions and routines to their ad-
vantage in this case. The media tends to focus not just on officials and experts, but on
those officials and experts that they are familiar with and have easy access t0.%° Initially,
this worked against Caltrans because most of the engineers and managers who were as-
sociated with bridge engineering were not familiar to reporters, who relied instead on
readily-available official sources like Governor Deukmejian and Assemblyman Katz for
explanations. But following a policy of maximum openness to reporters, particularly
in the weeks immediately following the earthquake, ensured that they would become
familiar with Caltrans experts. Once this familiarity was established, Caltrans employ-
ees had the credentials and official status to serve as authoritative sources for reporters.
Finally, because reporters generally seek to balance the opinions of opposing experts in
a technical controversy without evaluating the merits of each side’s arguments, Caltrans
engineers were given space to make their arguments without intense scrutiny of their
substantive actions.

A consequence of this was that Caltrans engineers’ definitions of and ways
of dealing with earthquake risk were almost automatically given a certain degree of
legitimacy in media accounts. Caltrans was able, as a result, to dictate the grounds of
debate to a very significant degree: there was relatively little discussion, and less as time
went on, about whether Caltrans seismic design and retrofit policies were the correct
way to deal with seismic safety problems. Even their most stringent critics generally
focused on whether the program had been carried out fast enough. Other engineering
experts, particularly those from universities, generally backed up Caltrans engineers’
interpretations of events, and their explanations were presented as authoritative in news
stories.

As suggested in the previous chapter, professional communities often are able
to have a decisive influence on how certain issues are shaped as problems in public are-
nas, because even though they lack political power, they have often had nearly exclusive
control over a problem before it reaches public consciousness, and so have had an oppor-
tunity to define the problem and possible solutions to it. Their definitions often form the

basis for public debate, and discussion of possible solutions often centers around those
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that are readily available from the professional community. In this case, no alternatives
to the existing retrofit program were ever discussed in detail. Those alternatives that
were brought up, such as getting rid of double-deck structures, were quickly dismissed
by the expert community and dropped from media accounts. Other possibilities, such
as demolishing and rebuilding older structures, never came up. In the end, even though
they were subjected to some outside oversight, Caltrans engineers got the money to carry

out the retrofit program they had always wanted to do, essentially on their own terms.

3.3 The Governor’s Board of Inquiry

Two days after the earthquake, on October 19th, Governor Deukmejian an-
nounced that he would create an independent panel to investigate the Cypress viaduct
and Bay Bridge collapses.”® Even as the war of words between Deukmejian and Caltrans
raged on in the media, Deukmejian and his aides sought to establish a panel that would
be seen as disinterested and objective.’” To this end, they turned much of the process
of assembling a panel and conducting hearings over to representatives of the engineering
profession. This gave the profession a great deal of power to shape public interpretations
of the events surrounding the earthquake, and to shape governmental responses to them.
It also provided engineers with an officially-sanctioned forum for advancing professional
agendas. As might be expected, the issues raised in this arena, as well as the manner
in which they were discussed, differed significantly from the content and style of media

reports.

Constituting a professional body

The governor and his staff played a crucial role in setting the ground rules
which the engineering profession would have to follow in order to be given authority over
the issues raised by the earthquake. Initially, the main criteria seemed to be stature and
technical competence in the field of earthquake engineering. An indicator of this was
that, despite the evident political tension between the governor and Caltrans engineers,
the governor turned to them for advice about who would be qualified to lead the inquiry.

From a list of six candidates provided by the transportation department, Deukmejian
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selected Tan Buckle, a respected researcher and deputy director of the National Center
for Earthquake Engineering Research at the State University of New York at Buffalo.?®
The governor was apparently unaware that Buckle had already written an op-
ed piece for the Los Angeles Times that defended the pace and priorities of Caltrans’
retrofit program, which read in part:
Considering the potential for disaster, one could ask why something wasn’t
done about these bridges. In fact, Caltrans engineers were well aware of the
problem and had been actively pioneering various solutions for retrofitting
bridges to bring them up to post-’71 codes. No other agency, state or federal,
is as far advanced as Caltrans concerning this technology. But when it comes
to bridge retrofit, where do you start? There are more than 13,000 bridges
in the state system. It is simply not possible to upgrade all of them simul-
taneously. ...The difficult bridges, you leave for later. Structures like the
Bay Bridge and the Nimitz [i.e., Cypress| double-deck are in this class. Their
monumental size, plus their structural type, precluded the use of conven-
tional methods of retrofitting. ...Now is not the time for knocking Caltrans.
Rather, it’s time to push for more funds, both state and federal, to develop

and implement strategies for the retrofitting of the remaining bridges in the
Caltrans program.” >

When asked about this article, the governor and his staff initially defended
their choice of Buckle. Deukmejian’s press secretary stated 