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ABSTRACT

The vast majority of the existing buildings in the Central
and Eastern United States have not been designed to resist
seismic forces, even though it is becoming widely accepted
that there is a potential for damaging earthquakes in these
regions of the country. These buildings, therefore, may
constitute a serious threat to life safety in the event Tf
a major earthquake. The ATC-14 procedure for the seismic
evaluation of existing buildings has begun to gain wide
acceptance since its publication in 1987. The National
Center for Earthquake Engineering Research (NCEER) funded a
project to critically assess the applicability of ATC-14 to
buildings in th«s Eastern and Central United States. This
NCEER project developed a large volume of recommended
modifications to ATC-14 which are intended to improve the
quality of the ATC-14 procedure's recommendations for the
seismic evaluation of buildings in regions of low
seismicity. NCEER is sponsoring a second project which
will produce a separate document for the seismic evaluation
of existing buildings which specifically focuses on
structures in these areas of the country. This report,
wh.'.ch should be completed in 1991, will provide a valuable
tool for practicing engineers performing these evaluations
in the Eastern and Central United States. This paper will
present the results of these NCEER projects and introduce
the revised ATC-14 methodology.

Modern building codes (hereafter
referred to as the code), such as
the NEHRP Provisions*2', are
written to guide the construction
of new buildings. They
optimistically gather up all of the
available collective experience in
the behavior of structures and
present it in a way that is
applicable to all forms of
construction. Within the seismic
provisions, building code standards
are developed with life safety,
damage control, and cost in mind.
Hopefully, the result is a complete

building system that costs slightly
more to build but has the proper
strength and connection details
necessary to successfully resist
earthquake forces.

Unlike the traditional
structural design for dead and live
loads, seismic design anticipates
that the buildings will be damaged
after a truly major event. To
design buildings to be damage-free
would not only be very expensive
but would also severely limit the
permissible styles of construction.
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New buildings are generally
designed to be strong enough to
resist small earthquakes without
damage and major earthquakes
without collapse. To accomplish
this goal, the *-.ructural design
based on the cou involves a
combination of ba.i c lateral force
resisting strength, vith a proper
structural configurate on, and
appropriate interconnection of the
structural elements. In fact,
within the code, there is a direct
relationship between how a building
is configured, detailed, and tied
together and the amount of lateral
force for which it is designed.
This interrelationship does not
exist in most existing buildings.
For that reason, the code is not a
suitable standard for their
evaluation.

A proper, detailed seismic
evaluation of a building needs to
focus on the "weak links" of the
structure which have been shown to
be critical in past earthquakes in
order to assess their suscept-
ibility to catastrophic damage. If
the level of expected damage is
drtermined to be unacceptable,
tivsn these "weak links" need to be
strengthened and/or new seismic
resistant systems installed.

The Applied Technology Council
(ATC) has developed and published a
methodology, ATC-14*1*, for
evaluating specific buildings that
is tailored for use by practicing
structural engineers. This
methodology leads not only to
conclusions concerning the adequacy
of the structure for a given event,
but also identifies the structure's
weaknesses and, therefore, areas of
needed rehabilitation. It has been
structured to permit the rapid
screening of a large inventory of
buildings followed by detailed
evaluation where necessary.

ATC-14 was developed to be
consistent with the latest building
codes, but tailored to the often
non-conforming characteristics of
the variety of buildings in
existence. It was specifically
aimed at assessing a building's
life safety level of resistance,
with a recommendation that all
buildings be strengthened to this
minimum level. The process also
identifies areas of potential
damage, including "non-structural"
elements, but stops short of
determining actual expected damage
levels.

It is important to note that
ATC-14 has set an evaluation
standard that is less stringent
than modern building codes. It is
applicable only to existing
buildings and anticipates that in
the worst case a building meeting
its requirements may be severely
damaged and perhaps irreparable
after a major earthquake. The
building will have hopefully
provided a safe refuge for its
occupants during the event. This
level of performance is not
acceptable for new construction
because superior earthquake
performance can be accomplished
through proper design at little
increase to construction costs.

IMPBTUS FOR THIS PROJECT

Awareness of the seismic hazard
which exists in the Central and
Eastern United States is expanding
rapidly. The potential for
damaging earthquakes in these
regions of the United States is
becoming better understood. The
most recent editions in many of the
building cedes which are used for
the construction of new buildings
in the Eastern United States now
include mandatory seismic design
provisions. These advances will
undoubtedly increase the seismic
resistance of new buildir.gs
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constructed in these areas of the
country.

But, the vast majority of the
buildings in the Eastern United
States were constructed without the
benefit of specific design fcr
seismic forces. These buildings
will have some inherent seismic
resistance from their capacity to
withstand wind forces. But, many
of the detailing and strength
requirements prescribed by modern
seismic codes were not included in
typical construction practice.
Existing buildings in the Central
and Eastern United States therefore
constitute a serious threat to life
safety in the event of. a majoi
earthquake.

ATC-14 was intended to be
applicable to buildings throughout
the United States. Buildings of
high and moderate seismicity are
addressed together in the same
sections. It includes separate
procedures for evaluating buildings
in regions cf low seismicity (A^ <,
.lOg). This separation was a
deliberate attempt to recognize the
variations of seismic hazard,
design practice, and other factors
between the regions of low and high
seismicity.

But, none of the individuals who
directly participated in the
development of the document were
practicing engineers from the
Eastern United States. Because of
this lack of input, it was felt
that there may be portions of the
document which do not adequately
address the construction practices
typically employed in regions of
low seismicity. It was, therefore,
determined that a critical review
of the ATC-14 document was required
tc assess its applicability to
buildings in the Eastern United
States.

NCMER PROJECT

As a portion of the "Existing
Structures" topic, one of the three
major areas of research for the
second year of the National Center
for Earthquake Engineering Research
(NCEER) five-year program, an
investigation was performed to
critically assess the applicability
of ATC-14 to buildings in regions
of low seismicity, such as the
Eastern United States.<3> H.J.
Cegenkolb Associates, the
subcontractor who developed ATC-14
for the Applied Technology Council,
was contracted co direct this
assessment. They organized a Panel
of five engineers from the Eastern
United States experienced in
seismic design and evaluation to
review the document. Table 1
provides a list of the project
participants. A two-day project
meeting was held to discuss the
review comments of the Panel to
determine areas where ATC-14 could
be improved. A number of major
areas of potential improvement were
identified and developed for
inclusion in future editions of
ATC-14. The topics addressed in
this project included the
following:

Liaison With Other NCEER
Projects
Seismicity Issues
Regional Differences
Between the Eastern and
Western United States in
Earthquake Engineering
Additional Information
Which Could Be of Use to
Evaluating Engineers
A Complete Revision of the
Sections on the Seismic
Evaluation of Buildings in
Regions of Low Seismicity
A Major Revision to the
Chapter on Non-Structural
Elements
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The information provided by this
study should be valuable to
Structural Engineers performing
seismic evaluaitons in regions of
low seismicity. A brief summary of
this information is provided in the
following paragraphs.

INTERACTION WITH OTHER NCEER
PROJECTS

During the development of the
ATC-14 document, it became apparent
that a number of the issues of
concern which were included in the
seismic evaluation were not
adequately understood. Because of
this lack of information, the
analysis procedures recommended for
the detailed evaluation of these
issues are often general techniques
to address the topic under
consideration. While these general
techniques can provide the
evaluator with basic information on
the adequacy of the condition being
reviewed, in many cases it was felt
that more detailed and/or
appropriate procedures would result
in more accurate conclusions. The
development of these more accurate
analysis techniques would
definitely improve the evaluation
procedure.

One of the primary reasons for
establishing the National Center
for Earthquake Engineering Research
(NCEER) was to foster and encourage
cooperation with integration
between investigators in the field
of earthquake engineering research.
A number of other projects
sponsored by NCEER addressed topics
where the ATC-14 project lacked the
information necessary to make
prescriptive recommendations.
These other projects were
identified so that when the results
of this research becomes available
it can be incorporated into any
future editions of ATC-l^.

A total of five projects were
identified where NCEER projects
could improve the ATC-14 evaluation
procedure. These five topics were:

1. Experimental and
Analytical Studies of
Lightly Reinforced
Concrete

2. Experimental and
Analytical Studies of
Semi-Rigid Connections in
Steel Framed Buildings

3. Expert Systems
4. Seismic Evaluation of

Buildings in New York Cit
5. Ground Motion Studies

As the reports generated by
these other NCEER projects are
published, the useful information
can be incorporated to improve
ATC-14.

SEISMICITY ISSUES

Chapter 3 of the ATC-14
document, titled "Seismic Loading",
presents the basic information
necessary to develop the response
spectra which the original project
engineering panel deemed to be
appropriate for the evaluation of
existing buildings. Procedures
were also developed for modifying
the spectra to reflect different
probability levels (return
periods). A short discussion of
the expected duration of strong
ground shaking is also presented.
This procedure incorporated the
seismic zoning maps developed for
the ATC-3 project.

During their review of this
Chapter of the ATC-14 document, the
NCEER Project Panel identified two
major subjects where they felt
significant improvements could be
realized. These two subjects are
the applicability of the present
seismic zoning maps and the
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possibility of structural damage
caused by effects other than ground
shaking.

During the initial stages of
this project, the Review Panel
determined that there is a large
body of knowledge concerning
Eastern seismicity which has yet to
be properly incorporated into the
available seismic zoning maps.
They concluded that there was an
immediate need to begin work on
better defining Eastern seismicity.
in an effort to provide the impetus
for this work, they convened a
meeting of fifteen engineers and
seismologists experienced in this
subject.

The following five topics were
discussed during this meeting:

1. Specific areas where it
may be possible to update
the present seismic zoning
maps.

2. The most recent
information on recurrence
intervals for the Eastern
United States.

3. The effects of distant
earthquakes and duration
on the seismic hazard in
the Eastern United States.

4. Gaps in the present state
of scientific knowledge
regarding these issues.

5. Suggestions for specific
research tasks which could
be useful in bridging
these gaps in our
knowledge.

During this meeting, this group
of seismologists and engineers
agreed that a large body of
knowledge concerning Eastern
seismicity had been developed since
the publication of the updated
Algermissen and Perkins zoning maps
in 1982. They noted that the
research done for the Electric
Power Research Institute (EPRI)

could be used to develop a new
seismic zoning map for the Eastern
United States. They also discussed
the use of more explicitly
probability-based procedures, and
the possibility of varying return
periods. The group recommended
that a number of NCEER-funded
studies be performed to develop
this information into a form which
would be useful to design
engineers.

The second subject concerned
with seismicity addressed in the
NCEER study deals with identifying
seismic hazards other than ground
shaking. These so-called
"secondary seismic hazards" such as
ground rupture in fault zones,
ground failure, tsunamis, fire,
etc., were not specifically
addressed in ATC-14. Ground
failure can occur as settlement,
landslides, or liquefaction. A
discussion of liquefaction effects
is presented in the project report.
This information would be valuable
to an engineer evaluating a
building which is founded on a soil
subject to liquefaction.

NATIONAL REGIONAL DIITERENCES
BETWEEN EASTERN AND WESTERN
UNITED STASIS IN EARTHQUAKE
ENGINEERING

The ATC-14 procedure addressed
the need fcr regional differences
between the seismic evaluation of
buildings in the Eastern and
Western United States in two ways.
The first results from the seismic
mapping which determines the force
level to be used in the analytical
procedures. The second recognized
the differing requirements by
including two separate evaluation
procedures for regions of high and
low seismicity. These two
differences result in significantly
reduced requirements for the
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seismic evaluation of buildings in
the Eastern United States.

The NCEER Review Panel felt that
there were a number of other
regional differences which should
be recognized by engineers
performing seismic evaluations. A
more complete list of these
regional differences includes the
following items:

1. Seismicity including
Attenuation

2. Expectancy Maps and Risk
Analysis

3. Public Awareness
4. Building Code Application
5. Training and Experience of

Design Engineers and Code
Enforcement Officials

6. Companion Wind Threat
7. Age and Weather

Environment of Buildings

These differences are discussed
in a chapter of the project report.

The information developed in
this discussion presents a complete
description of the regional
differences between the Eastern and
Western United States in earthquake
engineering. This description
provides a good deal of background
information which would benefit the
evaluating engineer.

ADDITION*!. INFORMATION HHICH COOUD
BE Or USE TO EVALUATING ENGINEERS

ATC-14 includes an extensive set
of references which were reviewed
and/or used in the development of
the document. Over 250 references
were cited to provide the user with
a means of access to more
information than could be
incorporated in the evaluation
procedure. In order to facilitate
its use, these references were
categorized and listed together by
topic. These topics included
categories such as earthquake

damage reports, code provisions,
other evaluation methodologies,
analysis procedures, various
materials, testing, etc.

During their review, the Panel
Members identified a few areas
which they felt were not adequately
addressed in the references to ATC-
14. it was felt that collecting
and cataloging a more complete list
of references and/or information on
these topics could provide further
assistance in the seismic
evaluation process. References and
information which were collected to
supplement those provided in the
ATC-14 document address the
following topics:

1. Historical references
which contain information
related to methods of
design and construction
typically in use before
the introduction of modern
codes. A total of 30
"Historical Documents" are
listed which include a
great deal of information
on the design, detailing
and construction practices
typically in use at the
time of publication.

2. Reference standards for
all construction
materials, including
mailing addresses. A
larger list of model codes
and reference standards
for the various
construction materials are
included to provide more
complete guidance in the
calculation of member
capacities.

3. Information on the
adoption of model building
codes by states and local
municipalities. A table
is provided which lists
the building code adopted
by each of the fifty
states, the District of
Columbia and the Virgin
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c, This table also
includes the date of
adoption isnd the status
(mandatory, voluntary,
etc.) of the code
requirements. It is based
upon information presented
in the Fourth Edition of
"Directory of State
Building Codes and
Regulations", prepared by
the National Conference of
States on Building Codes
and Standards, in Herndon,
Virginia.

4. Examples of building
performance from
earthquakes in the Eastern
United States. Although
ATC-14 includes an
extensive list of examples
of building performance,
none of the examples were
taken from the reports
prepared on the effects of
Eastern United States
Earthquakes. To provide a
more complete list,
examples from a number of
Eastern United States
Earthquakes such as the
Cape Ann Earthquake of
1755, the New Madrid
Earthquakes of 1811 and
1812, and the Charleston
Earthquake of 1886 are
presented.

REVISION Or SECTIONS ON THE SESXMXC
EvaunxxoN or BUILDINGS IN REGIONS
or urn SEISMICITY

During the initial development
of the ATC-14 document, the Project
Engineering Panel felt that
separate evaluation procedures
should be developed for regions of
low and high seismicity. They
believed that the seismic
evaluation procedure for buildings
in regions of low seismicity should
be less restrictive than that for
regions of high seismicity; it
would be sufficient to insure that

there was a complete well balanced
system for resisting the lateral
loads, and that any falling hazards
such as parapets, cornices,
veneers, etc., were well anchored.
As a result, two separate
evaluation procedures were
developed for each of the model
buildings, with a shorter, less
restrictive set of requirements for
buildings in regions of low
seismicity.

The Panel Members who reviewed
the ATC-14 documents for this
NCEER-sponsored project disagreed
with the premise that the
evaluation procedure for buildings
in regions of low seismicity should
be performed with procedures that
are significantly less restrictive
than those of the buildings in
regions of high seismicity. They
felt that a more specific and
elaborate evaluation procedure was
warranted since, in addition to the
general topics already addressed,
they were also concerned with many
of the issues which are Included in
the evaluation of buildings in
regions of high seismicity. The
lower seismic loading requirements
would sufficiently distinguish the
evaluation procedures. They also
felt that since the engineers
practicing in regions of low
seismicity may not be as
experienced in seismic design
considerations, more specific and
detai.led direction would be
necessary for these engineers to
properly perform a seismic
evaluation. As a result, the
Review Panel recommended that a
major expansion be made to the
evaluation procedures for regions
of low seismicity.

From the comments of the Review
Panel, and the efforts of the
entire project team, a large set of
additions to the low seismicity
evaluation procedures were
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4. Development of statements
related LO exterior
masonry walls braced by
steel or concrete frames
using details typical to
Eastern United States
construction practice.

Because of the volume of these
proposed changes to the original
ATC-14 document, it was decided
that the most appropriate form of
presentation would be to prepare
completely new sections for the
evaluations of buildings in regions
of low seismicity. It is suggested
that these new sections replace the
corresponding sections in ATC-14 to
provide a more complete seismic
evaluation procedure for buildings
in regions of low seismicity.

MAJOR REVISION TO THE CHAPTER ON
NON-STROCTURAL ELEMENTS

Chapter 11 of ATC-14 addresses
the seismic evaluation of non-
structural elements. This Chapter
is based on the General Services
Administration's guidelines for the
seismic evaluation of existing
buildings. A list of performance
characteristics for typical non-
structural elements is provided as
the basis for a set of non-
structural checklist statements.
The statements in this section are
not provided with "Concerns" and
"Procedures" similar to those which
accompany the structural evaluation
statements. Many of these issues
identify potential damage which
would most likely not constitute a
threat to life safety. Others
which could pose such a threat are
identified to alert the evaluator.

The NCEER Panel Members also
made a number of suggestions for
revisions and additions to this
Chapter of ATC-14. More detailed
descriptions and the addition of a
number of figures were suggested in
order to clarify some of the issues
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developed. These additions
included the following items:

1. specific statements
required for the
evaluation of buildings in
regions of high seismicity
which were felt to a:so be
applicable to areas of low
.seismicity.

2. Modification of specific
statements required for
the evaluation of
buildings in regions of
high seismicity to make
them appropriate for areas
of low seismicity.

3. New statements developed
as a result of specific
concerns expressed by
members of the Review
Panel.

4. Expanded introductory
remarks.

A number of specific concerns
which were generated by the Review
Panel became important components
of the revisions to the low
seismicity evaluation procedures.
These concerns included the
following:

1. Incorporation of the semi-
ductile requirements for
concrete frame buildings
using the ACI or
Massachusetts require-
ments.

2. Inclusion of more specific
statements for the invest-
igation of structural
deterioration from
environmental effects such
as freezing and thawing,
corrosion, infestation,
etc.

3. Development of statements
addressing the special
features of wharf
structures.



presented in this Chapter, in
addition, the Panel Members
recommended major expansions o£ the
sections on elevators and exterior
cladding. A new section to address
building contents was also
recommended. Since the recommended
modifications were so significant*
the amended Chapter 11 was included
in its entirety. These changes are
felt to significantly improve the
procedures for evaluating the non-
structural elements.

CONCLUSION

The NCEER project which
critically assessed the
applicability of ATC-14 to
buildings in regions of low
seismicity, such as the Eastern
United States, has provided a large
number of recommended additions and
revisions to the original document.
It was intended that these
recommended revisions be included
in any future editions of ATC-14,
and the FEMA-sponsored ATC-22
project to develop a handbook for
the seismic evaluation of existing
buildings. The information
presented in this report should
serve as an excellent supplement to
ATC-14 and will be especially
useful for the seismic evaluation
of buildings in the Eastern United
States. A follow-up NCEER project
is intended to incorporate the
proposed modifications into
subsequent editions of ATC-14.
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