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ABSTRACT

Design and evaluation guidelines for DOE facilities subjected to
earthquake, wind/tornado, and flood have been developed. This paper
describes the philosophy and procedures for the design or evaluation
of facilities for earthquake ground shaking. The guidelines are intended
to meet probabilistic-based performance goals expressed in terms of
annual probability of exceedance of some level of structural damage.
Meeting performance goals can be accomplished by specifying hazard
probabilities of exceedance along with seismic behavior evaluation
procedures in which the level of conservatism introduced is controlled
such that desired performance can be achieved. Limited inelastic
behavior is permitted by permitting demand determined from elastic
response spectrum analyses to exceed capacity by an allowable inelastic
demand-capacity ratio specified in the guidelines for different materials
and construction.

INTRODUCTION
The design and evaluation guidelines for

Department of Energy facilities subjected to
natural phenomena hazards (Ref. 1) are intended
to assure adequate facility designs for the effects
of earthquake, extreme wind or tornado, and
flood. These guidelines consist of: 1) facility-use
categories each with probabilistic-based per-
formance goals; 2) specified hazard probability
to develop loads; and 3) deterministic
procedures for response evaluation and per-
missible behavior criteria. The guidelines apply
to all natural phenomena hazards and all DOE
facilities across the United States in a consistent
manner. In addition, the guidelines represent a
simplified approach to facility design and evalu-
ation as they are based on existing codes and

they include deterministic procedures even
though performance goals and hazard descrip-
tions are probabilistically based.

The guidelines have been developed as part
of an overall natural phenomena hazard project
as illustrated in Figure 1. Phase 1 of this program
identified critical facilities throughout the DOE
complex. This phase identified 25 sites across
the U.S. where there exists a variety of structures
ranging from ordinary buildings such as offices
or warehouses to facilities containing significant
amounts of hazardous materials. In Phase 2,
hazard curves were developed at each DOE site
relating annual probability of exceedance to
hazard parameters such as earthquake ground
acceleration, wind speed, or flood water depth.
Phase 3 consists of the development of the
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guidelines. Phase 4 includes supporting studies
on specific natural phenomena hazard problem
areas.

t Performance goals have been assigned
based on facility characteristics such as: ^vul-
nerability of occupants; 2) cost of replacement of
facility and contents; 3) mission dependence; 4)
hazardous materials contained; and 5) potential
for off-site release. For ordinary facilities, design
which is consistent with conventional building
codes such as the Uniform Building Code (Ref.
2) is acceptable. For facilities containing haz-
ardous materials, there should be very low
probability of damage due to natural phenomena
hazards.

PHASE 1
DEFINE EXISTING CRITICAL FACILITIES

AT EACH SITE WITH RCIP Or SITE PERSONNEL

CRITICAL FACILITY (PROPOSED OR EXISTING)

PHASE I
DEVELOP HAZARD MODELS FOR KACH SITE

PHASES 3 AND 4
EVALUATE KACH PACILITY ON A UNIFORM AND RATIONAL BASIS

DETERMINE APPROPRIATE
HAZARD LEVEL (PHASE 3)

SPECirY RESPONSE
EVALUATION PROCEDURES

PERMISSIBLE RESPONSE
CRITERIA (PHASE 3)

GOOD DESIGN DETAOINC AND PRACTICES (PHASE 4)

Figure 1
Natural Phenomena Hazards Program

Performance goal is the combined function of
the likelihood of hazard occurrence strong
enough to produce damage and the strength of
facility to resist natural phenomena hazards.
Therefore, performance goals may be achieved
by specification of hazard probability along with
evaluation procedures with controlled level of
conservatism. Hazard probability and conser-
vatism in the evaluation process may be different
for earthquake, wind, and flood. However, the
combined effects should lead to achievement of
the same performance goal for all hazards.

Performance goals are probabilistic-based
and expressed in terms of annual probability of
exceeding a level of structural damage. Per-
formance goals are given for four facility use
categories including: 1) General Use; 2)
Important or Low Hazard; 3) Moderate Hazard;
and 4) High Hazard. Facility use categories and
the corresponding performance goals are shown
in Table 1.

Table 1
Performance Goals For Each

Facility-Use Category
Facility Use
Category

General
Use

Important
or Low
Hazard

Moderate
Hazard

High
Hazard

Performance Goal Annual
Probability of Exceedance

10"3 of the onset of major structural damage
to the extent that occupants are endangered

5x10*4 of facility damage to the extent that
the facility cannot perform its function

10'4 of facility damage to the extent that the
facility cannot perform its function

10'5 of facility damage to the extent that the
facility cannot perform its function

General Use and Important or Low Hazard
categories correspond to facilities whose design
or evaluation would normally be governed by
conventional building codes. The General Use
category includes normal use facilities for which
no extra conservatism against natural phenom-
ena hazards is required beyond that in conven-
tional building codes that include earthquake,
wind, and flood considerations. Important or Low
Hazard facilities are those where it is very
important to maintain the capacity to function and
to keep the facility operational in the event of
natural phenomena hazards. Conventional
building codes would treat hospitals, fire and
police stations, and other emergency handling
facilities in a similar manner to the requirements
of these guidelines for Important or Low Hazard
facilities.

Moderate and High Hazard categories apply
to facilities which deal with significant amounts of
hazardous materials. Damage to these types of
facilities could potentially endanger worker and
public safety and the environment. As a result, it
is very important for these facilities to continue to
function in the event of natural phenomena haz-
ards, such that the hazardous materials may be
controlled and confined. For both of these
categories, there must be a very small likelihood
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of damage due to natural phenomena hazards.
Guideline requirements for Moderate Hazard
facilities are more conservative than require-
ments found in conventional building codes.
Requirements for High Hazard facilities are even
more conservative.

For Genera/ Use facilities, the primary concern
is preventing major structural damage or facility
collapse that would endanger personnel within
the facility. A performance goal annual proba-
bility of exceedance of about 10"3 of the onset of
significant facility damage is appropriate for this
category. This performance is considered to be
consistent with conventional building codes, at
least for earthquake and wind considerations.
The primary concern of conventional building
codes is preventing major structural failure and
maintaining life safety under major or severe
earthquakes or winds. This primary concern for
preventing structural failure does not consider
repair or replacement of the facility or the ability
of the facility to continue to function after the
occurrence of the hazard.

Important or Low Hazard Use facilities are of
greater importance due to mission-dependent
considerations. In addition, these facilities may
pose a greater danger to on-site personnel than
general use facilities because of operations or
materials within the facility. The performance
goal is to maintain both capacity to function and
occupant safety. Important or Low Hazard faci-
lities should be allowed relatively minor structural
damage in the event of natural phenomena
hazards. This is damage that results in minimal
interruption to facility operations and that can be
easily and readily repaired following the event. A
performance goal annual probability of excee-
dance of between 10*3 and 10"4 of structure or
equipment damage, to the extent that the
capacity of the facility is able to continue to
function with minimal interruption, is judged to be
reasonable. This performance goal is believed
to be consistent with the design criteria for
essential facilities (e.g., hospitals, fire and police
stations, centers for emergency operations) in
accordance with conventional building codes.

Moderate or High Hazard Use facilities pose a
potential hazard to the safety of the general public
and of the environment due to the presence of
radioactive or toxic materials within these facili-
ties. Concerns about natural phenomena haz-
ards for these categories are facility damage to

the extent that significant amounts of hazardous
materials cannot be controlled and confined,
occupants are endangered, and functioning of
the facility is interrupted. The performance goal
for Moderate Hazard facilities is to limit damage
such that confinement of hazardous materials is
maintained. The performance goal for High
Hazard facilities is to provide very high confi-
dence that hazardous materials are confined
during and following a natural phenomena
hazard occurrence. Maintaining confinement of
hazardous materials requires that damage be
limited in confinement barriers. Structural
members and components should not be dam-
aged to the extent that breach of the confinement
or containment envelope is significant.
Furthermore, ventilation filtering and containers
of hazardous materials within the facility should
not be damaged to the extent that they are not
functional. In addition, confinement may depend
on maintaining safety-related functions, so that
monitoring and control equipment should remain
operational following, and possibly during, the
occurrence of severe earthquakes, winds, or
floods.

For High Hazard facilities, a performance goal
of an annual probability of exceedance of about
10 -5 of damage, to the extent that confinement
functions are impaired, is judged to be reason-
able. This performance goal approaches, at least
for earthquake considerations, the performance
goal for seismic-induced core damage asso-
ciated with design of commercial nuclear power
plants. For Moderate Hazard facilities, a
performance goal of an annual probability of
exceedance of about 10~4 of damage, to the
extent that confinement functions are impaired,
is judged appropriate.

EARTHQUAKE GUIDELINES AND OVERALL
RISK ASSESSMENT

Seismic design or evaluation of a hazardous
facility is only part of the process of assessing
overall risk as shown in Figure 2. The seismic
design or evaluation process encompasses the
first two steps of risk assessment; characteriza-
tion of the earthquake hazard and structural
evaluation. The overall risk is a combined
function of the performance goal to which the
facility has been designed and the factors
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associated with the source term and dose cal-
culation which affect whether hazardous mate-
rials might reach the public or the environment in
the event of significant seismic structural
damage. Performance goals are expressed in
terms of annual probability of exceedance of
structural or equipment damage (to the extent
that hazardous materials are not confined).
These goals facilitate the seismic design or
evaluation process by separating the assess-
ment of risk into two parts: (1) earthquake per-
formance of buildings and equipment and (2)
dissemination of hazardous materials.

CHARACTERIZATION OF HAZARD

E<1
Flood

STRUCTURAL EvAl UATlON
rling and ["quipm^nt Kt's

ISO

ISO

DOSE. CALCUl ATiON
Meteorology
Dernography

i co'ogy

ESTIMATE

•'' C I"

Figure 2
Flow Diagram for Assessment of Risk

from Natural Phenomena Hazards

ACHIEVEMENT OF PERFORMANCE GOALS
IN SEISMIC DESIGN OR EVALUATION

The performance goal for seismic design or
evaluation is a combined function of the likeli-
hood of earthquake occurrence of sufficient size
to produce damage and the strength of the facility
to withstand earthquake shaking. The likelihood
of earthquakes is expressed by a seismic hazard
curve which relates annual probability of excee-
dance to maximum ground acceleration. The
strength of a facility to withstand earthquake
shaking depends on sources of conservatism
introduced in the evaluation of earthquake

response and in the specification of acceptable
seismic response, in addition to the specified
design/evaluation shaking level. Potential
sources of conservatism in the seismic design or
evaluation process can be broken down into the
following three categories.

1. Specification of the seismic input.

2. Criteria for performing the seismic
response analysis.

3. Specifications of material strengths and
estimations of structural capacities.

Sufficient conservatism must be combined into
these three categories in order to achieve a
desired performance goal, which can be
expressed in terms of an annual probability of
exceedance of a desired performance level (such
as continued operation with minimal interrup-
tion). Such conservatism may be introduced in
many different ways.

One way to achieve a desired performance
goal is to place all of the conservatism into the
specification of the seismic input and use median
response analyses and median structural
capacity estimates (median approaches intro-
duce no bias, conservative or unconservative).
Thus, if the performance goal is to achieve less
than a 10"* annual probability of damage to
confinement of hazardous materials, one way to
achieve this goal would be to specify for design
or evaluation a seismic input with less than 10"5

annual probability of being exceeded, and then
specifying median-centered response analyses
and capacity evaluations. However, this
approach has two primary deficiencies.

1. The available seismic record in the United
States is less than 400 years long.
Extrapolating this seismic record to annual
probabilities of exceedance of less than
about 2 x 10*3 requires considerable trad-
ing of spatial for temporal considerations.
Generally, the existing seismic record and
seismological and geophysical consider-
ations permit a reasonable extrapolation of
ground motion levels down to annual
probabilities of about 2 x 10"4. Ground
motions associated with annual probabili-
ties less than about 2 x 10"4 become hiyhly
controversial, and they have seldom been
used for seismic design or evaluation.
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2. Existing codes and standards are geared
to specifying material strengths and struc-
tural capacities very conservatively. Even
ultimate strength codes are intended to
achieve less than a 2% probability of failure
if the code capacities are reached. Median
strength capacity estimates are controver-
sial and can seldom be used in a regulatory
environment.

By the seismic design and evaluation guidelines
for DOE facilities, a conservative evaluation
approach is employed along with specified
hazard exceedance probabilities which are
greater than the performance goal exceedance
probabilities.

EARTHQUAKE GUIDELINES
General Use & Important Or Low Hazard
Faciiities

The guidelines for General Use and Important
or Low Hazard facilities are strongly based on the
seismic provisions of the 1988 Uniform Building
Code (Ref. 2). For these facilities, the guidelines
follow UBC provisions except ground motion is
determined from site-specific data instead of the
code seismic zone map or the general site
amplification factor from the code. By the
guidelines, seismic response is determined from
equivalent static analysis for regular, uniform
structures or from dynamic analysis for irregular
structures. In either case, the base shear is given
by the following code equation:

V

where: Z = a seismic zone factor equivalent to
peak ground acceleration

I = a factor accounting for the
importance of the facility

C = a spectral amplification factor
W = the total weight of the facility
Rw= a reduction factor to account for

energy absorption capability

All code provisions are included in the guidelines
except that the Z factor is determined from
site-specific seismic hazard curves and the C
factor is determined from the 5 percent damped
median (or mean) site-specific ground response
spectra. Response determined from analyses

corresponding to this base shear level are
compared with code specified ultimate or
allowable levels.
Moderate And High Hazard Facilities

The guidelines for Moderate and High Hazard
facilities generally follow the DOD Manual,
"Seismic Design Guidelines for Essential Build-
ings" (Ref. 3). For these facilities, the guidelines
are to perform dynamic analysis of structures to
obtain seismic response. These analyses utilize
median ground response specira, post-yield
damping, and unity load & importance factors.
The resulting seismic response is compared to
yield or ultimate level capacity. The guidelines
approach is to perform an elastic response
spectrum analysis but to permit limited inelastic
behavior by permitting response to exceed yield
level by the permissible inelastic demand-
capacity ratio, Fu
Hazard Exceedance Probabilities

Historically, non-Federal Government Gen-
eral Use and Essential or Low Hazard facilities
located in California, Nevada, and Washington
have been designed for the seismic hazard
defined in the Uniform Building Code. Other
regions of the U.S. have generally used either
some version of the UBC seismic hazard defini-
tion or else have ignored seismic design. Past
UBC seismic provisions (1985 and earlier) are
based upon the largest earthquake intensity
which has occurred in a given region during the
past couple of hundred years. These provisions
do net consider the probability of occurrence of
such an earthquake and thus do not make any
explicit use of a probabilistic seismic hazard
analysis. However, within the lastten years, many
codes including ATC-3, the Canadian Building
Code, and the 1988 Uniform Building Code have
used probabilistic-based seismic zone maps
which have consistent uniform annual probability
of exceedance for all regions of the U.S. The
suggested annual frequency of exceedance for
the design seismic hazard level differs somewhat
between these codes, but all lie in the range of
10-2 to 10"3. The 1988 UBC seismic zone factors
corresponds to the design seismic hazard level
having about a 10 percent frequency of excee-
dance level in 50 years which corresponds to an
annual exceedance frequency of about 2x10"3.
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On the other hand, nuclear power plants are
designed so that safety systems do not fail if
subjected to a safe shutdown earthquake (SSE).
The SSE generally represents the expected
ground motion at the site either from the largest
historic earthquake within the tectonic province
within which the site is located or from an
assessment of the maximum earthquake poten-
tial of the appropriate tectonic structure or
capable fault closest to the site. The key point is
that this is a deterministic definition of the design
SSE. Recent probabilistic hazard studies have
indicated that for nuclear plants in the eastern
U.S., the design SSE level generally corresponds
to an estimated mean annual frequency of
exceedance of between 10*3 and 10"4. Also,
during the last ten years, considerable interest
has developed in attempting to estimate the
seismic risk of these nuclear power plants in
terms of annual probability of seismic-induced
core melt or risk of early fatalities and latent
cancer to the public. Many studies have been
conducted on seismic risk of individual nuclear
power plants. Because those plants are very
conservatively designed to withstand the SSE,
these studies have indicated that the seismic risk
is acceptably low (generally less than about 10*5

annual probability of seismic-induced core
damage) when such plants are designed for SSE
levels with a mean annual frequency of excee-
dance between 10"3 and 10"4.

With this comparative basis for other facilities,
the recommended hazard exceedance proba-
bilities (as shown in Table 2) are judged to be
consistent and appropriate to define the seismic
hazard for DOE facilities.

Table 2
Hazard Exceedance Probabilities

FACILITY
CATEGORY

General Use

Important or Low Hazard

Moderate Hazard

High Hazard

HAZARD
EXCEEDANCE
PROBABILITY

2x10-3

1x10"3

1x10"3

2x10"4

UBCZ

-

SSE

As discussed previously, the hazard exceedance
probability for General Use facilities is similar to
that corresponding to the UBC Z factor and the
hazard exceedance probability for High Hazard
facilities is similar to that corresponding to the

safe shutdown earthquake (SSE) for nuclear
power plants, The influence of the specified
hazard exceedance probabilities on peak ground
acceleration is illustrated in Figure 3. Although it
depends on the shape of individual seismic
hazard curves, on the average, the hazard
probability for Important or Low Hazard facilities
results in ground motion about 25 percent higher
than that for General Use facilities and the hazard
probability for High Hazard facilities results in
ground motion about twice that for General Use
facilities.
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Figure 3
of Hazard Probabilities

Seismic Evaluation
By the seismic design/evaluation guidelines,

the recommended performance goals and haz-
ard exceedance probabilities are different. This
difference indicates that conservatism must be
introduced in the seismic evaluation approach.
The differences for the various categories are
illustrated in Table 3.

The specified hazard exceedance probabili-
ties are appropriate only if the seismic design or
evaluation is conservatively performed. The level
of conservatism should increase from the Gen-
eral Use to the High Hazard category. For
General Use and Important or Low Hazard
category facilities, conservatism introduced
should be consistent with that which exists in the
Uniform Building Code. For High Hazard cate-
gory facilities, conservatism should approach
that used for nuclear power plants. The
guidelines follow the philosophy of: 1) gradual
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reduction in hazard annual exceedance proba-
bility; and 2) gradual increase in conservatism of
evaluation procedure as one goes from a General
Use to a High Hazard facility.

Table 3
Performance Goals & Recommended

Hazard Probabilities

Facility
Category

General
Use

Important
or Low
Hazard

Moderate
Hazard

High
Hazard

Performance
Goal

1x10-3

5x1 CH

1X10-4

1x10-5

Hazard
Exceedance
Probability

2x10-3

1x10-3

1x10-3

2X10-4

Ratio of Hazard
to Performance

Probability

2

2

10

20

Potential sources of conservatism in the
seismic design/evaluation process are listed in
Table 4. In order to control the level of conser-
vatism such that the performance goals can be
approximately achieved, many aspects of the
seismic design/evaluation process are per-
formed using median-centered properties and
methods such that no conservatism is
introduced. Conservatism is only intentionally
introduced in the limits on inelastic behavior and
in the use of code-specified material strengths
and capacity equations as shown in Table 4.

Intentional conservatism is controlled to
approximately achieve performance goal. It is
recognized that the simple seismic evaluation
methods employed by the guidelines may also
include some unintentional conservatism in the
areas shown in Table 4. It is permissible to
perform more sophisticated evaluations to
remove these sources of unintentional conser-
vatism.
Earthquake Ground Response Spectra

Median (i.e., no conservative bias) spectral
amplification is used by these guidelines for all
categories. For General Use & Important or Low
Hazard facilities, the C factor in the UBC base
shear equation comes from the median spectra
at the fundamental frequency and 5 percent
damping. For Moderate & High Hazard facilities,
median spectral amplification at post-yield
damping levels is used. Because constant
reduction factors accounting for inelastic energy

absorption capacity are used over the entire
frequency range and because stiff structures
may not be as stiff as idealized for dynamic
analysis due to soil-structure interaction, con-
crete cracking, base mat flexibility, and softening
during inelastic response, the maximum spectral
acceleration is used for building response eval-
uation if the fundamental frequency is larger than
the frequency range at which the maximum
spectral acceleration occurs.

Table 4
Potential Sources
of Conservatism

Potential Sources
of Conservatism

Maximum ground acceleration

Response spectra amplification

Damping

Analysis methods

Specification of material
strengths

Estimation of structural cap^ity

Load factors

Importance factor*

Limits on inelastic behavior

Soil-structure interaction

Effective peak ground motion

Effects of a large foundation

Effects c* foundation embed-
ment

Conservatism
Intentionally
in Guidelines

X

X

X*

X*

X

Possible
Additional

Conservatism

X

X

X

X

General Use & Important or Low Hazard only.

Damping
Damping is another part of the seismic

design/evaluation process where it is intended
that no conservatism is introduced. Damping
values corresponding to response just beyond
the yield level are intended for dynamic analyses
of Moderate and High Hazard facilities. Because
there is a great deal of uncertainty in damping at
this response level, conservative estimates of
median post-yield damping values (Table 5) are
recommended for usage.
Acceptable Analysis Approaches

For General Use & Important or Low Hazard
facilities, seismic response is evaluated by
equivalent static analysis (Figure 4) for regular,
uniform structures or by dynamic analysis for
irregular structures. In either case, the results are
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scaled such that the base shear is given by the
code equation including site-specific information
for peak ground acceleration and spectral
amplification. For Moderate and High Hazard
facilities, seismic response is evaluated by
dynamic analysis (Figure 5), using median
ground response spectra, post-yield damping
values, unity load and importance factors, and
inelastic demand-capacity ratios, Fu, to permit
limited inelastic behavior.

Table 5
Recommended Damping Values

TYPE OF STRUCTURE

EQUIPMENT AND PIPING

WELDED STEEL &
PRESTRESSED CONCRETE

BOLTED STEEL &
REINFORCEO CONCRETE

MASONRY SHEAR WALLS

WOOD

DAMPING
(% OF CRITICAL)

5

7

10

12

15

V =
ZICW

R Ul

7777777777777
• • V ' l

Figure 4
Static Analysis for General Use

& Important or Low Hazard Facilities

Limits On Inelastic Behavior
Energy absorption in the inelastic range of

response of structures and equipment to earth-
quake motions can be very significant. Generally,
an accurate determination of inelastic behavior
necessitates dynamic nonlinear analyses per-
formed on a time-history basis. However, non-
linear structural response may be approximated
through the use of inelastic demand-capacity
ratios. If the permissible demand-capacity ratios
are not exceeded, it would be concluded that the
structure was adequate for earthquake loading.
Inelastic demand-capacity ratios permit struc-
tural response to exceed yield stress levels a

limited amount as a means to account for energy
absorption in the inelastic range. Based on
observations during past earthquakes and con-
siderable dynamic test data, it is known that
structures can undergo limited inelastic
deformations without unacceptable damage
when subjected to transient earthquake ground
motion.

Frtqutncy (hz)

Figure 5
Dynamic Analysis for Moderate

& High Hazard Facilities

The inelastic demand-capacity ratios are
evaluated based upon the permissible inelastic
behavior level which depends on the materials
and type of construction. For more hazardous
facilities, lower demand-capacity ratios may be
used to add conservatism to the design or
evaluation process, such that increased proba-
bility of surviving any given earthquake motion
may be achieved. The guidelines employ the
inelastic demand-capacity ratio approach with
added conservatism for High Hazard facilities.
Example values of inelastic demand-capacity
ratios, Fu, are shown in Table 6 along with the
corresponding code Rw values.

EARTHQUAKE DESIGN DETAILING &
QUALITY ASSURANCE PROVISIONS

Both the 1988 UBC provisions and these DOE
guidelines consist of two parts: 1) lateral force
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provisions used to proportion the structure; and
2) detailing provisions to assure energy
absorption capacity and to avoid failure due to
local instability or brittle behavior. Each part is
equally important. In addition, the DOE guide-
lines have quality assurance provisions and peer
review provisions similar to that recommended in
the "Blue Book" by the Structural Engineers
Association of California for Important or Low
Hazard, Moderate Hazard, and High Hazard
facilities.

Table 6
Example Inelastic

Demand-Capacity Ratios, Fu

STRUCTURAL
SYSTEM/ELEMENT

Steal Moment Frame

Steel Braced Frame
Diagonal Braces

Concrete Shear Wall
Shear

Moment

UBC
Rw

12

8

8

MODERATE
HAZARD

3.0

1.7

1.7
2.75

HIGH
HAZARD

2.5

1.4

1.4
2.25

The guidelines briefly describe general design
considerations which enable structures or
equipment to perform during an earthquake in
the manner intended by the designer. These
design considerations attempt to avoid prema-
ture, unexpected failures and encourage ductile
behavior during earthquakes. As discussed
above, characteristics of the lateral force-
resisting systems are as important or more so
than the earthquake load level used for design
or evaluation. These characteristics include
redundancy; ductility; tying elements together to
behave as a unit; adequate equipment anchor-
age; understanding behavior of non-uniform;
non-symmetrical structures or equipment;
detailing of connections and reinforced concrete
elements; and the quality of design, materials,
and construction. The level of earthquake
ground shaking to be experienced by any facility
in the future is highly uncertain. As a result, it is
important for facilities to be tough enough to
withstand ground motion in excess of their
design ground motion level. There can be high
confidence in the earthquake safety of facilities
designed in this manner. Earthquakes produce
transient, limited energy loading on facilities.
Because of these earthquake characteristics,
well-designed and constructed facilities (i.e.,
those with good earthquake design details and

high quality materials and construction which
provide redundancy and energy absorption
capacity) can withstand earthquake motion well
in excess of design levels. However, if details
which provide redundancy or energy absorbing
capacity are not provided, there is little real
margin of safety built into the facility. It would be
possible for significant earthquake damage to
occur at ground shaking levels only marginally
above the design lateral force level. Poor
materials or construction could potentially lead
to damage at well below the design lateral force
level. Furthermore, poor design details, materi-
als, or construction increase the possibility that a
dramatic failure of a facility may occur.

For important or hazardous facilities, there are
special quality assurance measures recom-
mended beyond that which is standard checking
and inspection practice of design offices. The
recommended program includes: 1) indepen-
dent review of the design basis and approach;
2) specification of an appropriate testing and
inspection program by the engineer of record to
assure that his design is implemented as
intended; and 3) construction observation by the
engineer of record including review of the testing
and inspection reports of his program and peri-
odic site visits to observe general compliance
with the plans and specifications.

SUMMARY
The seismic design and evaluation guidelines

for DOE facilities are summarized in Table 7. The
goals of the lateral force, detailing and quality
assurance provisions are:

1. Provide sufficient strength and stiffness to
resist potential lateral loads

2. Avoid failures due to brittle behavior or
instability

3. Understand behavior such that some
"weak link" is not overlooked.

4. Assure high quality materials and con-
struction in the manner intended by the
designer
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Status Of Guidelines
The guidelines document is available in draft

form from DOE headquarters. The guidelines are
currently being reviewed by DOE headquarters.
However, the guidelines are being used in the
DOE community. They are required for design
of new facilities by DOE General Design Criteria,
Order 6430.1A (Ref. 4).

Training sessions or workshops on the use of
these guidelines are being conducted. Thus far,
workshops attended by about 50 participants
each have been held in Albuquerque, New
Mexico in May 1989 and in Seattle, Washington
in September 1989. Additional workshops will be
conducted in Charleston, South Carolina in
February 1990 and Chicago, Illinois in May or
June 1990.

Table 7
Summary Of

Earthquake Guidelines

HAZARD
EXCEEDANCE
PROBABILITY

RESPONSE
SPECTRA

DAMPING

ACCEPTABLE
ANALYSIS

APPROACHES

IMPORTANCE
FACTOR

LOAD
FACTORS

INELASTIC
DEMAND
CAPACITY

RATIOS

MATERIAL
STRENGTH

STRUCTURAL
CAPACITY

PEER REVIEW.
QA, SPECIAL
INSPECTION

FACILITY-USE CATEGORY

General
Use

2x10-3

Important
or Low
Hazard

1x10-3

Moderate
Hazard

1x10-3

High
Hazard

2X10-4
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