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EARTHQUAKE ENGINEERING AND PUBLIC POLICY:
KEY STRATEGIES FOR SEISMIC SAFETY

Stanley Scott

ABSTRACT

Several key strategies should be pursued simultaneously in seeking
major advancements in life safety. (1) Appropriate mitigation should
be considered for hazardous structures in areas where earthquakes may
occur—including the eastern and midwestern United States. (2)
Ensuring the seismic resistance of new structures calls for better
design practice and codes, more vigorous plan checking, and
strengthened peer review and construction quality control. (3)
Postearthquake investigations and problem-oriented research are
essential to the advancement and application of earthquake
engineering knowledge. (4) Substantial progress at the local level
is imperative, and will require state and federal aid, guidelines and
mandates. (5) Well-orchestrated federal-state-regional efforts can
increase earthquake-risk awareness, devise model programs for wider
dissemination, and foster private-sector preparedness.

INTRODUCTION

Earthquake engineering and public policy should focus on life safety,
emphasizing the following strategies that promise significant reductions in
seismic threat:

1. Dealing with structures that may be vulnerable to seismic forces is
obviously of central importance. The hazards of existing structures should be
reviewed, and mitigation measures considered in light of local circumstances.

2. Improvements in design, construction and quality control are needed
to ensure that new structures are seismically resistant.

3. All major earthquakes should be studied for guidance on improving
earthquake engineering practice and seismic safety policies. In addition to
diligent postearthquake investigations, much greater emphasis should be given
to problem-oriented research that directly involves practicing engineers and
architects. The application of research findings also needs more attention.

4. Our system places great reliance on local government to regulate
structural safety and prepare for such natural hazards as earthquakes. For
respectable progress on these fronts we need much more vigorous state and
federal efforts to stimulate, support and mandate local action.

5. Finally, recent experience in promoting earthquake safety suggests

I. Assistant Director, Institute of Governmental Studies, University of
California, Berkeley, California.
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the value of coordinated federal-state-local work, undertaken on the basis of
substate regions, as well as statewide and multistate.

DEALING WITH STRUCTURAL HAZARDS: A TWO-FOLD APPROACH

Damage to physical structures and their contents is the principal cause
of earthquake casualties and economic losses. Consequently it makes sense to
focus attention on the seismic resistance of such structures and their
contents, seeking ways to provide reasonable assurance against inordinate
damage or collapse with significant loss of life. Emphasis on mitigation
means actively promoting long-term, methodical programs to reduce casualties
and deaths by improving structural safety, rather than only preparing for
emergency responses to building collapses.

A two-fold approach is appropriate: (1) dealing with existing unsafe
structures, and (2) working for future safety so that structures to-be-built
will not pose unnecessary hazards. For existing hazardous structures the main
concerns are danger to life and limb and questions of rehabilitation. For
future structures, the main concern is improving the design and construction
process to ensure good quality results in general, and adequate seismic
resistance in particular.

EXISTING UNSAFE STRUCTUPJIS

Unsafe structures that are vulnerable to seismic shaking come in many
types. Unreinforced masonry buildings are recognized for their particular
susceptibility to collapse, even in moderate earthquakes. The large numbers
of such buildings in the United States and elsewhere mean that unreinforced
masonry is the greatest single type of seismic threat to life (barring of
course such catastrophes as extensive life loss due to failure of a major dam
or nuclear reactor).

In addition, other types of "modern" and/or engineered buildings may be
vulnerable to damaging earthquakes. A 1985 report by the California' Seismic
Safety Commission identified several types of such structures and
architectural features that have shown inadequate resistance in past
earthquakes. These include: (1) non-ductile ("brittle") reinforced concrete
frame buildings; (2) precast concrete buildings with weak or brittle
connections; (3) "soft-story" buildings; and (4) such other potential hazards
as buildings with prestressed concrete elements, long-span roof structures,
heavy exterior cladding, improper glazing connections, unbraced parapets, and
buildings of highly irregular design.[1]

TThat can and should be done about existing hazardous structures? The
appropriate answers vary considerably depending on the likelihood of damaging
earthquakes in the area concerned. The following simplified scheme with two
categories of area would place much of the United States in one or the other.

1. In seismically active areas considered the most likely to experience
damaging earthquakes in the reasonably near future—e.g., the Pacific coast
and western United States—there is a strong case for methodical, active
mitigation programs. Structures could be reviewed and classified according to
the degree of hazard, and appropriate programs and acceptable time schedules
developed for strengthening or phasing out those considered "too hazardous."
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(Good examples of such programs are the hazardous building ordinances of the
City of Los Angeles and the City of Santa Rosa, and the University of
California's hazard-reduction plan.)

2. Areas whose seismicity is uncertain, but where historical or other
evidence indicates some degree of earthquake risk, include significant
portions of the urbanized Mississippi Valley and eastward to the Atlantic
coast. While seismicity east of the Rockies is substantially less than in the
western United States, and is poorly understood, damaging earthquakes have
occurred there, and others must be anticipated. The East's lower seismicity
is offset by the lower attenuation of seismic waves. Thus, in the East
earthquakes of similar magnitude cause shaking over much larger areas than in
the West. Moreover the Midwest's and East's generally higher population
density, lower earthquake awareness, and often minimal standards of earthquake
design and preparedness, have made these areas vulnerable to future earthquake
disasters of major proportions.[2] The principal questions are when and
where. The next one could be a long time coming...or it could be soon.

In such areas there would be much merit in taking inventories of
structural hazards to determine the extent of the problem, and to lay the
groundwork for appropriate rehabilitation measures. After due consideration
policymakers may choose to rely on time, attrition and the normal process of
urban development to clear out many structures that lack significant seismic
resistance. (This assumes, of course, that new construction is seismically
resistant, which is not the case in much of the nation.) Policymakers may on
the other hand consider "natural-attrition" inadequate and unduly slow. In
any event, if seismically unsafe structures are extensively repaired or
renovated for non-seismic reasons—e.g.j preservation of historic or
architecturally significant buildings—this should also signal a requirement
to strengthen them for earthquake safety, at least enough to reduce the
likelihood of total collapse and resulting loss of life.[3]

LOOKING TO THE FUTURE; IMPROVING THE DESIGN AITO CONSTRUCTION PROCESS

A fundamental goal of seismic safety is to ensure that structures built
in the future embody acceptable levels of earthquake resistance. Achieving
this goal means designing, reviewing, inspecting, and constructing buildings
according to standards and procedures that will assure safety levels
appropriate to the area's presumed seismicity.

As suggested above, much of the nation's territory must be classified as
permanently under some degree of earthquake threat. In addition many parts of
the nation, including those whose seismicity is believed to be comparatively
low, are subject to other sources of structural stress, e.g., the forces of
high winds, tornadoes, and hurricanes. To a considerable degree, proper
designs for wind resistance also confer resistance to lateral seismic forces,
and for only modest added cost, structures intended to be wind—resistant can
be designed to resist moderate earthquakes.[4] Moreover good design,
construction quality control, and structural integrity (tying the elements of
a building together), are valuable in their ov/n right—and they also
contribute significantly to earthquake safety. Furthermore structural
failures occurring without earthquake shaking amply demonstrate the need for
greater attention to ways of improving the design and construction process.[5]

In any event, achieving structural seismic safety calls for particular
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attention to four primary objectives of design and construction:

1. Building codes should be reviewed for their seismic adequacy, design
professionals should apply state-of-the-art earthquake engineering knowledge
and judgment, and onsite inspections should be conducted as needed to make
sure the designs are carried out in practice.

2. Designs of all significant structures should be independently peer-
reviewed both for general (non-seismic) safety, and for adequate seismic
resistance.

3. The appropriate jurisdiction (e.g., municipality or county) should
perform good-quality plan-checking and construction inspection.

4. Finally, construction supervisors should be responsible for excellent
performance, backed up by thorough inspection, as needed to ensure quality
control.

Codes, Practice and Judgment

Prevailing local regulations should be examined for adequacy in
addressing seismic issues, especially where appropriate seismic provisions are
typically not included in building codes. There are wide discrepancies among
the national design codes; those used in the eastern and southern United
States are much less restrictive than the Uniform Building Code, which is used
in the western US.[6] Moreover even the best of codes tend to be years behind
the latest knowledge, allowing continued use of questionable practices and
designs. In addition "cook-book" approaches to design, i.e., relying on codes
alone, cannot ensure adequate safety. For good state-of-the-art practice in
design and construction the professionals must acquire and exercise ufr-to-date
information and judgment to assure acceptable seismic resistance in
structures. This means that design professionals need to be familiar with the
kinds of damage observed in postearthquake investigations.

Continuing education, rigorous professional examinations, and adequate
designers' practical experience with the basic requirements of seismic
resistance are essential. Advanced education programs for all design
professionals are necessary to keep practice current and in compliance with
contemporary knowledge of seismic design needs. Continuing education could be
required as part of a professional relicensing process for those responsible
for designing structural and nonstructural elements of buildings. The
requirement would be an effective way of encouraging maximum participation in
such education. l-Jhile this method might be somewhat controversial, such a
requirement should be given careful consideration because of the great
potential benefits of continuing education.

Independent Peer Review

The designs of all "significant" structures—those whose failure would
affect substantial numbers of people, e.g., critical facilities providing a
vital service to the public, or buildings with a large (50+) occupancy—should
receive careful independent design reviev/s by well-qualified professionals who
are competent to evaluate seismic resistance. While some may argue that this
step is an unnecessary expense, it is wholly justified as part of good design
and quality control, as well as because of the potential for life loss and
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economic disruption in the event of structural failure.[7] The value of
independent peer review has been well established for such unusually
"sensitive" facilities as nuclear reactors or large dams, and peer-review
processes deserve much wider application in structural engineering practice.
The University of California, for example, is considering a statend-de policy
requiring all campuses to have independent peer reviews of all structural
projects involving human occupancy or safety.

Plan Checking and Inspection

Qualified personnel representing the responsible government (local, state
or federal), should check all plans for code compliance, and should inspect
construction while in progress. Unless an engineered building has already had
an adequate independent review, its structural perfomance characteristics
should also be checked, but the responsible jurisdictions typically review
only code compliance, and may not even do that thoroughly. To ensure adequate
performance of these duties, governments must give special attention to the
funding, staffing, training and maintenance of skills in agencies that are
responsible for design review and construction.

Construction Practice and Personnel

Consistent high-quality work during construction is crucial to structural
safety. Construction personnel, and especially contractors and construction
supervisors, should be versed in the requirements of good quality control and
know the basics of seismic safety. Again, continuing education in
construction quality control and seismic safety is essential—probably best
developed and offered with the active cooperation of appropriate contractors'
associations.

RESEARCH, KNOWLEDGE AND INFORMATION-DISSEMINATION

Good practice in design and construction means effective use of the best
available knowledge about earthquakes and structural performance, but "state-
of-the-art .. .knowledge has generally not been incorporated in practice."[8]
Seismic damage to modern engineered structures fully demonstrates the need to
know more about building performance under seismic shaking. To be effective,
the knowledge must also be disseminated and applied in practice.

There are two basic ways of learning about seismic design and structural
performance: (1) informed observation and analysis of x<7hat actually happens
in earthquakes (postearthquake investigations or "earthquake chasing"), and
(2) basic and applied geotechnical and engineering research.

Postearthquake Investigations

There has been substantial progress in the methodologies of
postearthquake investigation, with EERI playing a significant leadership role.
The importance of thorough investigations has gradually gained greater
acceptance, and larger numbers of professionals and scientists are now either
participating directly, or attending debriefings and interpretative seminars
back home. In the US, postearthquake investigation as an organized enterprise
has come into its ovm in the last decade, building on the groundwork laid by
observations of many past earthquakes.



Coordinated teams of knowledgeable and experienced observers who can
interpret the significance of what they see are essential to effective
learning from earthquakes. Well-organized debriefing workshops and early
dissemination efforts can facilitate wider acceptance and use of the
findings.[9]

Research and Its Use

The second major source of knowledge is basic and applied research in the
earth sciences and in engineering. Much work, for example, needs to be done
on understanding the earthquake responses of complex structures, and
structures not designed for seismic forces. An obvious example of particular
importance to the raidwestern and eastern portions of the United States is the
effort to learn more about these regions' seismicity, including probable
earthquake recurrence intervals and magnitudes, and estimates of ground motion
and probable earthquake effects on buildings.

The application of new knowledge in hazard mitigation—i.e., information
dissemination, interpretation, acceptance and eraplojrment in code revision and
practice—is still an imperfect process and needs more attention. Code
revision is difficult, involving the different design philosophies that
prevail in different regions, economic pressures, and conflicts among such
interested parties as manufacturers of various kinds of building materials.

The problem of effective research application also appears to be
attributable partly to a funding imbalance, and partly to current research and
implementation strategies. l-Thile there is no quarrel with strong support for
basic research, the implementation of research findings and their application
in hazard mitigation needs much more emphasis. For example a recent California
Seismic Safety Commission survey of fiscal 1984 funding for earthquake-related
research programs illustrates the slighting of mitigation. 'lore than 93
percent of federal and state (California) dollars went to fundamental research
on the causes and nature of earthquakes, or on geotechnical and structural
hazards. In sharp contrast, less than 6 percent supported work on policies and
strategies for earthquake hazard mitigation and recovery.[10] Only one
percent was devoted to social and economic effects of earthquakes. Research
funds are mostly channeled through the National Science Foundation and the US
Geological Survey, a process that tends to favor "basic research." It also
reflects the preferences of peer-review committees and the academically
dominated research community.

In the same vein, Richard W. Krimm of the Federal Emergency Management
Agency (FEMA) recently noted that three-fourths of fiscal 1985 funds for the
National Earthquake Hazards Reduction Program (NEHRP) went for research,
although the program's main congressional intent was implementation work to
reduce earthquake risk.[11] Krimm also questioned whether the kinds of
research funded were the most relevant for hazard-mitigation.

A significant change may be in the wind. FEMA issued an "Action Plan"
last year, sketching a five-year program and projecting a $40 million budget
for hazard mitigation work. ^-Jhile perhaps still heavy on technical and
engineering research (71 percent), the proposal would also give substantial
support (25 percent) to policy and dissemination strategies on behalf of
mitigation and hazard reduction. The remaining 4 percent would be used for
research on historic buildings and multihazard assessment.[12]
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In any event the above observations should not be interpreted as
arguments against basic research, but rather as a plea for budgets and
strategies greatly augmenting the application of research. Moreover the
formulation of earthquake engineering research problems should be reoriented
to emphasize work that is relevant to hazard mitigation for life safety.
Direct involvement of practicing professionals in research can also facilitate
greater focus on hazard-mitigation problems, and promote the early
implementation of research findings. These approaches conform to the recent
findings of Moore and Yin that "usei^oriented" and "social Interaction"
strategies help explain successful innovations in the use of earthquake and
natural hazards research.[13]

LOCAL ACTION: A REALISTIC APPRAISAL

primary responsibility to prepare for and
, including earthquakes. This places a
of the strengths and weaknesses of relying
progress in seismic safety. Being low-
long- term problems that typically have not

vigorously for action. Understandably only
have voluntarily undertaken significant
in California, with its well-recognized

Local governments have the
respond to all kinds of disasters
premium on a realistic evaluation
principally on local action for
frequency events, earthquakes pose
stimulated constituencies to press
a relative handful of localities

hazard-mitigation programs, even
earthquake threat.

Nevertheless a few jurisdictions have made significant progress. Wyner
and Mann have identified as a major factor the key role of highly motivated
local government staff members in pushing for action. Such staff members can
be highly effective if they get at least the tacit support of local elected
officials. [14] (Bradshaw also recently reported similar findings '.d.th respect
to the remarkable role of highly motivated local government staff in
furthering community experimentation with alternative energy sources.)[15]
The influence of local experimentation can reach far beyond the individual
jurisdictions involved, as it may set examples for other local governments
that are looking for new approaches to their own problems. Publication by the
Seismic Safety Commission of a model ordinance based on the 1981 Los Angeles
ordinance is, for example, intended to encourage and facilitate the
process.[16]

It seems unrealistic, however, to expect early and widespread adoption of
hazard-mitigation policies by many local governments acting only on their oim
initiative. In 1979 the California Seismic Safety Commission helped push
through legislation removing any remaining doubt that the state's local
governments had adequate legal authority to adopt hazardous-buildings
mitigation programs, and noting that local governments were thus being given
the tools needed to get on with the job.[17] The 1979 legislation required
the commission to monitor progress and report back later, which it did in
1985—86, noting that reliance on voluntary implementation has proven
inadequate. Currently the commission is pushing for legislation to establish
a state—mandated program requiring local governments to survey and inventory
hazardous buildings, as a first step toward possible stronger action.

COMPLEMEMTING LOCAL EFFORTS: STATS AITO FEDERAL PROGRAMS

There are several well-known prototypes for state policies to complement
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or even to take the place of local action. The strongest kind of measure is
outright preemption of local responsibility, as was done for California's
public schools when the Field Act V7as passed shortly after the 1933 Long Beach
earthquake, and for hospitals after the San Fernando earthquake of 1971.
Responsibilities for design review and the enforcement of construction
inspection were given to state agencies.

A 1971 law passed shortly after the San Fernando earthquake, amended the
state's planning law to require that each local general plan include a seismic
safety element. This mandated but less rigorous program gave local government
great leeway in carrying out the directive. State guidelines were drawn up,
but there were no provisions for enforcement or quality control. A recent
resurvey of experience under the mandate found most jurisdictions complying at
least with the letter of the law. Moreover the seismic safety language in the
adopted plans has increased the amount of attention local governments give to
seismic hazards.[18]

Such milder measures are also illustrated by a 1985 California law
setting state criteria and review procedures for buildings that house
emergency services, but leaving local governments in charge of implementation
and enforcement.

The prospect of more comprehensive state action in California has now
been substantially increased with the recent passage of a landmark bill (SB
548), the California Earthquake Hazards Reduction Act. The new law
established the goal of making the state reasonably earthquake-safe by the
year 2000, and initiated a process of coordinated planning and program
development under the leadership of the Seismic Safety Commission, and with
the active participation of a number of other state agencies.[19]

Finally, encouragement and example, and the carrot rather than the stick,
are the strategies used by the five-county Southern California Earthquake
Preparedness Project (SCEPP), and the ten-county Bay Area Regional Earthquake
Preparedness Project (BAREPP), both excellent examples of the role the federal
government can play in stimulating state and local activity in earthquake-
hazard reduction.

Initiated by the Federal Emergency Management Agency and funded jointly
by the state and federal governments, the two regional projects have issued
valuable "how to do it" documents on hazard mitigation and preparedness,
offered "incentive grants" to stimulate local experimentation, provided
technical assistance, and achieved local public- and private-sector
participation in a variety of awareness-raising, information-dissemination
conferences, workshops and seminars. SCEPP is the older of the two projects,
having been started in 1980, and there is plenty of evidence that it has
influenced public officals' awareness of the earthquake hazard in Southern
California, and has induced a number of jurisdictions to undertake earthquake-
preparedness programs.[20]

SUMMARY AIID CONCLUSION

Earthquake-hazard mitigation and disaster preparedness is a remarkably
difficult and complicated business. Progress requires participation by a
large number of actors, some of whom lack the strong motivations that
typically produce effective pressures for public action. Methodical consensus-
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building is essential, along with careful orchestration of a multitude of
interests and activities. The strategies discussed above and summarized here
are designed to promote seismic safety comprehensively and on many fronts.

1. Mitigation policies appropriate to a region's level of seismic risk
are needed for existing hazardous structures. Moreover the traditional
tendency to think of earthquake preparedness largely in terms of immediate
emergency response must be broadened to include a more comprehensive approach,
emphasizing long-term mitigation programs that reduce potential hazards.

2. For structures not yet built, the design and construction process
needs improvements in (1) codes and state-of-the-art practice, (2) Independent
peer review, (3) plan-checking and inspection, and (4) construction
performance and quality control.

3. Postearthquake investigations should be pursued diligently, and
greater attention given to the dissemination and use of findings. Problem-
oriented research involving practicing engineers and architects should be
emphasized, and the implementation and use of research findings should get
more attention and better funding.

4. Voluntary local hazard-mitigation and preparedness efforts are
valuable, but significant across-the-board progress cannot be expected without
state aids, guidelines and mandates, as well as federal initiatives and
assistance.

5. Finally, there is much promise in well-orchestrated federal-state-
regional efforts like SCEPP and 3AREPP, designed to increase awareness of
earthquake risks, develop prototype programs for hazard reduction and response
preparation, provide technical assistance and support for local action,
promote private-sector preparedness, and disseminate earthquake safety
information.
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