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PREFACE

The guidelines presented herr  were prepared for Lawrence Livermaore National Lab-
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Health, Office of Safety Appraisals of the U.S. Department of Energy (DOE/OSA). The
Project Manager was Mr. J. R. Hill of DOE/OSA. Dr. R. C. (Bob) Murr:  was the Project
Manager for LLNL. These guidelines were prepared under the direction of the Department
of Energy Natural Phenomena Hazards Panel. The general material in this document as
well as specific earthquake guideline Yave been written by Bob Kennedy and Steve Short.
The wind guidelines were prepared by Jim McDonald; the flood guidelines were prepared
by Marty McCann. Bob Murray provided overall direction, guidance, and review. The
authors and their affiliations are:
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Stephen A. Short It ell Corporation

James R. McDonald Texas Tech University

Martin W. McCann J k R. Benjamin & Associates

Robert C. Murray L vrence Livermore National Laboratory

The guidelines have been extensively reviewed by panel members and selected
consultants. Additionally, review con 1ents from throughout the DOE complex have been
received and incorporated irto this document. Panel and independent reviewers and their
affiliations are listed below.

James E. Beavers Martin Marietta Energy Systems, Inc.
Catalino B. Cecilio” Private Consuitant

A. H. Hadjian® Private Consuitant

James R. Hill DOE Office of Safety Appraisals
Frank E. McClure L rence Berkeley Laboratory
Joseph P. Nicoletti URS/J.A. Blume & Associates

John W. Reed Ja 'R. Ber min & Associates
Jean B. Savy” Lawrence Livermore National Laboratory
John D. Stevenson” Stevenson & Associates

Delano F. Surdahi DOE Albuquerque Operations

Peter |. Yanev EQE Engineering

*

Independent Reviewers

These guidelines are being presented for review and trial use at DOE facilities. Comments
should be addressed to Bob Murray, iwrence Livermore National Laboratory, P.O. Box
808, Livermore, CA 94550, (415) 422- 108.
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While performance goals and hazard levels are expressed in this document in proba-
bilistic terms, deterministic design and evaluation procedures are presented. Design/eva-
luation procedures recommended in this document are intended to conform closely to
common standard practices such th: they are easily understood by most engineers. The
intended audience for these guidelines is primarily the civil/structural or mechanical engi-
neers conducting the design or evaluation of facilities.

Performance goals are expressed in terms of structure or equipment damage to the
extent that the facility cannot functic  that the facility would need to be replaced, or that
personnel are endangered. The performance goals in this document do not refer to the
consequences of structure or equipr nt damage beyond those just described. For exam-
ple, this document does not attempt to set performance goals in terms of off-site release of
hazardous materials, general public safety, or environmental damage per NRC safety goals.
These guidelines contain information needed for the first two steps in a natural phenomena
risk assessment: characterization ¢ 2 hazard and procedures for structural analysis. The
remaining steps in estimating risk extend to consequences beyond the levels of facility
damage addressed in the performance goals, and these steps are not covered in this docu-
ment.
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1 INTRODUCTION

1.1 OVERVIEW OF THE DOE NATURAL PHENOMENA HAZARDS PROJECT

Lawrence Livermore Nation: Laboratory (LLNL), under contract to the Assistant Sec-
retary for Environment, Safety and Health, Office of Safety Appraisals (OSA) of the U.S.
Department of Energy (DOE), is developing uniform design and evaluation criteria for
protection against natural phenomena hazards for facilities at DOE sites throughout the United
States. The overall goal of this program is to provide guidance and criteria for design of new
facilities and for evaluation, modific  an, or upgrade of existing facilities such that DOE facilities
are adequately constructed to safely withstand the effects of natural phenomena such as
earthquakes, extreme winds, and oding. This goal is being achieved by the natural phe-
nomena hazards program illustrated in Figure 1-1.
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This program consists of the following phases:

1. QGathering information including selection of specific DOE sites to be inclu
the project and identifying existing critical facilities at each site.

2. Evaluating the likelihood for natural phenomena hazards at DOE sites. Pt
developed hazard models for earthqu e, extreme windiornado, and floc
each DOE site.

3. Preparing design and evaluation guidelines that utilize information on the |
hood of natural phenomena hazards{ the design of new facilities and tht
uation, modification, or upgrade of existing facilities.

4. Preparing manuals describing and illustrating good design practice for stru
tures, equipment, piping, etc. for earthquake and wind/tornado loadings. T:

manuals will be used in either design  facilities or upgrading of existi
facilities. Also, conducting supporting es on specific problem areas re.
to the mitigation of natural phenomen Irds.

The guidelines presented in this document are the results of the third phase of this pi
These guidelines, along with manuals on structural details and supporting studies on s
problem areas, should enable DOE and site personnel to design or evaluate facilities f
effects of natural phenomena hazards on a uniform and rational basis.

Several phases have been completed. The first phase - selecting DOE sites and i
tifying critical facilities - was complsted many years ago. The development of probabi
definitions of earthquake and wind hazards at 25 DOE sites across the country has also t
completed. The seismic hazard definitions have been published in LLNL report U
53582,Rev.1 (Reference 1). The wind/tornado hazard definitions have been publishedin L
report UCRL 53526,Rev.1 (Reference 2). Note that seismic hazard estimates have b
changing rapidly during the last 5 years since | f. 1 was completed. A number of ongc
studies which are not currently avaitable will provide the basis for upgrading Ref. 1 in the futt
However, Raf. 1 represents the best currently ¢ ailable information on seismic hazard at
DOE sites.

There is an ongoing flood screening evaluation to establish which sites have a potent
flood hazard and which sites do not and to develop preliminary probabilistic flood haza
definitions. These evaluations have currently een completed for the eight Albuquerqgt
Operations Office sites and for the Richland Ope tions Office site, with results being publishea
in LLNL report UCRL 53851 (Reference 3). Through the use of screening analysis, flooding
can be eliminated for some sites as a design consideration. For those sites in which flooding
is a significant design consideration, probabilic :definit _ ¢ thefloodha ¢ i ned
by additional investigation.



Design and evaluation guidelines (j.e., Phase 3) have been prepared and are presented
in this document. A wind design practice manual has been completed. Preparation of a
seismic design practice manual is now being planned. In addition, supporting studies have
been published on seismic | cing of suspended ceilings (Reference 4) and on seismic
upgrade and strengthening guidelines for equipment (Reference 5).

1.2 OVERVIEW OF THE DESIGN AND EVALUATION GUIDELINES

The desigri andevalua ) lidelines presented in this document are intendedto provide -
relatively straightforward procedures to evaluate, modify, or upgrade existing facilities or
design new facilities for the effectsof itural phenomena hazards. The guidelines are intended
to controi the level of conservi  sm introduced in the design/evaluation process such that: (1)
earthquake, wind, andflooc az: Isaretreated on areasonably consistent and uniform basis;
and (2) the level of conservatism is appropriate for facility characteristics such as, importance,
cost, and hazards to on-site per nnel, the general public, and the environment.

For each natural phenome | hazard covered by this report, these guidelines generally
consist of the following:

1. Facility-use categories and facility performance goals.
2. Hazard probat 'y fror which facility ioa g is deveioped.

3. Recommended des ind evaluation procedures to evaluate facili response to
hazard loads and ¢ 2 to assess whether or not computed response is permis-
sible.

Note that these guidelines do not cover practice and procedures for facility design or upgrading
detailing; these matters are to be covered by separate docur nts.

Thefirststepinthesedesi  and evaluation guidelines is to establish performance goals
expressed as the annual prob:  ty of exceedance of some level of facility damage due to
natural phenomena hazards. The appropriate performance goal for a facility is dependent on
facility characteristics such as 1 ision dependence, cost, and hazardous functions of the
facility. Asan aidtoselecting @ rmance goals, facility-use categories ranging from general
use to highly hazardous use have been defined, along with a corresponding performance
goal. Performance goal probability levels for each category are consistent with current
common design practice for general use and high-hazard use faciiities.



To achieve the facility performance goal, hazar annual probabilities of exceedance are
specified along with design and evaluation procet: res with a consistent level of conservatism.
While performance goals and hazard levels are expressed in this document in probabilistic
terms, deterministic design and evaluation pror dures are presented. Design/evaluation
procedures recommended in this document are intended to conform closely to common
standard practices such that they are easily unders 1od by most engineers. Note that these
guidelines do not preclude the use of probabilistic approaches or alternative approaches,
which are also acceptable if it can be demonstrated at the specified performance goals are
met.

The framework under which these guidelines ave been developed allows for their use
in an overall risk assessment as shown in Figure 1-2.

T CHARACTERIZATION OF HAZARD

Earthquake @D
Extreme Wind »
I Flood

T STRUCTURAL EVAL ATION =T
i Building and Equipment Response QD
Permissible Behavior C eric __,, ®
v
SOURCE TERM
Quantity, Rate, and
Characteristics of Release

v

I'r' DOSE CALCULA )N
L

Meteorology
Demography
Ecology
v
RISK ES MATE ]

fra

@ Natural Phenomena
* Hazards Project

FIGURE 1-2.
FLOW DIAGRAM FOR A! ;ESSMENT OF RISK
FROM NATURAL PHE!  :NA HAZARDS
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These guidelines contain inform on needed for the first two steps in a natural phenomena
risk assessment: (1) characterization of the hazard and (2) procedures for structural analysis.
The remaining steps in estimating risk are not covered in this document. For an example of
an overall risk assessment aj 1 to commercial plutonium fabrication facilities, see Refer-
ences 6 and 7. The resuiting nate from an overall risk assessment could be compared
with the NRC Safety Goals (Reference 8) to decide if the risk is acceptabie.

Performance goals are expressed in terms of structure or equipment damage to the
extent that the facility cannot function, that the facility would need to be replaced, or that
personnel safety is endangered. The performance goals in this document do not refer to the
consequences of structure or equic  ent damage beyond those just described. For example,
this document does not atten ' set performance goals in terms of off-site release of haz-
ardous materials, general pu afety, or environmental damage. The intended audience
forthe guidelines in this reportis primarily the civil/structural or mechanical engineer conducting
the design or evaluation of facii 3s. The interests of safety engineers extend to consequences
beyond the levels of facility damage addressed in this document.

Existing criteriaforthedesii and evaluation of DOEfac ies are provided by the General
Design Criteria Man i, DOE Or - 6430.1A (Reference 9). DOE Order 6430.1A has recently
been revised, and material from ese guidelines are referenced by the revised Order as an
acceptable approach for the design or evaluation of DOE facilities for the effects of natural
phenomena hazards. DOE 6430. 1A requires that facilities be designed fcr design basis events
including natural phenomena hazards, fire, accidents, etc. Design basis events due to natural
phenomena hazards as defined in 6430.1A include earthquakes (DBE), winds (DBW), tor-
nadces (DBT), and floods (DBFl  This document provides earthquake ground acceleraticn,
wind speeds, tornado wind speeds and other effects, and flood levels ccrresponding to these
events for usage in design and evaluation of facilities.

The remainder of this ch¢ i defines some of the terminclogy used in this report and
briefly describes the seismic, w |, and flood hazard information from References 1, 2, and
3. Chapter 2 covers aspects of  se design and evaluation guidelines common to all natural
phenomena hazards. In partic r, facility-use categories and performance goals are dis-
cussed in this chapter. Chapter 3 provides general discussion of the effects of natural phe-
nomena hazards on facilities. Specific design and evaluation guidelines for earthquakes,
extreme winds, and floods are presented in Chapters 4, 5, and 86, respectively. In particular,
these chapters discuss recommended hazard probabilities as well as design and svaluation
procedures fcr response evaluation and permissible behavicr criteria.
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1.3 TERMINOLOGY AND DEFINITIONS

HAZARD - Theterm "hazard"is defined as a source of danger. Inthisreport, natural phenomena
such as earthquakes, extreme winds, and floods : azards to the buildings, equipment,
piping, and other structures making up DOE facilities. Toxic or radioactive materials contained
within facilities are also hazards to the population or environment in the vicinity of DOE facilities.
Throughout this report, the term *hazard" is used to mean both the external sources of danger
(such as potential earthquakes, extreme winds, or floods) and internal sources of danger (such
as toxic or radioactive materials).

ANNUAL PROBABILITY OF EXCEEDANCE - The «elihood of natural phenomena haz is
has been evaluated on a probabilistic basis in References 1, 2, and 3. The frequency of
occurrence of pa neters ibir - the externa azard severity (such as maximum earth-
guake ground acceleration, maximum wind speed, or maximum depth of inundation) is esti-
mated by probabilistic methods. Common frequency statistics em; »yed for rare events such
as natural phenomena hazards include return period and annual probability of exceedance.

‘Return period is the average time between consecutive events of the same or greater severity

(for example, earthquakes with maximum ground acceleration of 0.2g or greater). t must be
emphasized that the return period is only an averaged ation between events and should not
be construed as the actual time between occurrences, which would be highly variable. If a
given event of return period, T, is equally likely to occur any year, the probability of that event
being exceeded in any one year is approximately 1/T. The annual probability of exceedance,
p, of an event is the reciprocal of the return period of that event. As an example, consider a

“site at which the return period for an earthquake of 0.2g or greater is 1000 years. In this case,

the annual probability of exceedance of 0.2g is 103 or 0.1 percent.

. EXCEEDANCE PROBABILITY FOR A GIVEN NUMBER OF YEARS - It is of interest in the

design of facilities to define the probability that an event will be exceeded during the design
life of the facilities. For an event with return period, T, and annual probability of exceedance,
p, the exceedance probability, EP, over design life, n, is given by:

EP = 1-(1-p)" = 1-(1-1/T)N = 1-eN/T (1-1)

where EP and p are expressed as fractions of unity and n and T are expressed in years. As
an example, the exceedance probabilities over a design life of 50 years of a given event with
various annual probabilities of exceedance are as liows:

16




om

sy

P EP over 50 years
10-2 0.39
10-3 0.05
104 0.005
10°5 0.0005

Hence, an event with a 102 annual probability of exceedance (100 year return period) has a
39 percent chance of being exceeded in a 50-year period, while an event with a 104 annual
probability of exceedance has ¢ y a 0.5 percent chance of being exceeded during a 50-year
period.

HAZARD CURVES - In References 1, 2 and 3, the likelihood of earthquake, wind, and flood
hazards at DOE siteshas bee  fined by graphical relationships between maximum ground
acceleration, maximumwin speed, or maximum water elevation and return period (reciprocal
of annual probability of exceedance). These relationships are termed seismic, wind or flood
hazard curves. The earthquake or wind loads or the flood levels used for the design or
evaluation of DOE facilities are based on hazard parameters from these curves at selected
annual probabiiities of excee | e. '

PERFORMANCE GOALS - The likelihood of adverse facility behavior during natural phe-
nomenahazardscan: ©be expressed on a probabilistic basis. Goals for facility performance
during natural phenomena hazards have been selected and expressed in terms of annual
probability of exceedance. Asa sxample, if the performance goal is 10-3 annual probability
of exceedance for structural dai ige, there would be less than about a S percent chance that
such damage could occur over a 50-year design life. If the performance goal is 10-4 annual
probability of exceedance for ¢ ictural or equipment damage, there wouid be about a 0.5
percent chance of such damag >ver a 50-year design life. The level of damage considered
in the performance goal depends on the facility characteristics; for example, the performance
goal for general use f ilities ajor damage to the extent that cccupants are endangered.
However, the performance g r hazardous use facilities is lesser damage to the extent that
the facility cannot perform its tion.

CONFIDENCE LEVEL - Because of the uncertainty in the underlying hazard process (e.g.,
earthquake mechanism for sei  ic hazard), performance goals or hazard probabilies can be
specified at higher confidence rels to provide greater conservatism for more critical condi-
tions.



1.4 EARTHQUAKE, WIND, AND FLOOD HAZARDS FOR DOE FACILITIES.

For the facility design and evaluation guide es presented herein, loads induced by
natural phenomena hazards are based on extemal hazard parameters (e.g., maximum
earthquake ground acceleration, maximum wind speed, and maximum depth of inundation)
at specified annual probabilities of exceedance. As a result, probabilistic hazard curves are
required at each DOE facility. This information can be obtained from independent site-specific
studies or from References 1, 2, and 3 for earthqu e, wind, and flood hazards, respectively.
The hazard information from these references is discussed throughout this report. in con-
junction with these design and evaluation guidelines, the use of independent site specific
evaluations of natural phenomena hazards may also be used as the basis for ioads on facilities.

Seismicandwind! ardcurvi havebeene uatec " /site-specific studies of the DOE
sites considered (References 1 and 2). In additior od hazard curves have been evaluated
for some of the DOE sites considered (Reference 3). Flood hazard curves developed from
screening studies are currently available for the eight Albuquerque Operations Office sites and
for the Richland Operations Office site. Example hazard curves are presented in Figures 1-3,
1-4 and 1-5 in which hazard parameters are given as a function of return period in years or
the annual probability of exceedance.
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For earthquakes, Reference 1 presents best estimate peak ground accelerations as a
functionofreturnperiodint 'm 1@ ustrated by Figure 1-3. Acceleration values correspond .
to the maximum accelerationth  'ould be recorded by a three-axis strong-motion instrument
on a small foundation pad at the free ground-surface. In addition, ground response spectra
for each site are provided in Re rence 1. Ground response spectra indicate the dynamic












facility response to these loadings, and provide criteria to judge whether computed facility
response is acceptable. These guidelines are intended to apply equally to the design of new
facilities and to the evaluation of existing facilities. In addition, the guidelines are intended to
cover buildings, equipment, piping, and other structures.

The guidelines presented in this report primarily cover (1) methods of estabiishing load
levels on facilities from natural phenomena hazards and (2) methods of evaluating the behavior
of structures and equipment to these load levels. These items are very important and are
typically emphasized in design a { evaluation criteria. However, there are cther aspects of
facility design which are equally important and should be considered. These aspects include
quality assurance considerations and attention to design details. Quality assurance requires
peer review of design drawings and calculations, inspection of construction, and testing of
material strengths, weld quality, etc. The peer reviewers should be qualified personnel who
were not involved in the original design. Important design « :ails include measures to assure
ductile behavior and to provide redundant load paths, as well as proper anchorage of
equipment and non-structurai building features. Although quality assurance and design details
are not discussed in this report 1 the same extent as hazard load levels and response eval-
uation methods, the importance of these parts of the design/evaluation process should not
be underestimated. Quality assi ince and peer review are briefly addressed in Section 2.5,
in addition to discussions in the individual chapters on each natural phenomena hazard.
Design detailing for earthquake and wind hazards is covered by separate manuals currently
being prepared or planned.

2.2 PERFORMANCE GOALS Al ) FACILITY SE CATEGORIES

As stated previously, itis the responsibility of DOE management to select the appropriate
performance goal for specific facilities. This may be accomplished by either of the foilowing
two approaches:

1. Place facilities or porti s of facilities into facility-use categories based on charac-
teristics such as missi dependence, occupancy, amount and type of hazard-
ous materials invoived, and distance to population centers.

2. Place facilities or porti s of facilities into facility-use categories based on the
associated performance goals as presented in this section and on an indepen-
dent assessment of the appropriate performance goal for the facility.

Note that the categories are  tended to provide general guidance for reasonable facility
categorization and performance goals. DOE management may either accept the performance



goals assigned to each category herein or else in pendently establish performance goals
specifically for individual facilities or parts of facilities. In either case, the guidelines presented
in this. report may be utilized for design or evaluation.

2.2.1 Facility-Use Categories

Four facility-use categories are suggested herein for design/evaluation of DOE facilities
for natural phenomena hazards. The four categories are (1) General Use, (2) important or
Low Hazard, (3) Moderate Hazard, and (4) High| zard as defined in Table 2-1.

TABLE 2-1
FACILITY-USE CATEG( Y GUIDELINES

Facility-Use Category Description
General Use Facilities which have a non-mission dependent purpose, such as administration
Facilities buildings, cafeterias, storage, maintenance and repair facliities which are plant or
prounds oriented.

important or Low Facilities which have mission dependent use (e.g., iaboratories, production facilities,
Hazard Facilities and computer centers) and emergency handling or hazard recovery tacilities (e.g.,

hospitals, fire stations).
Moderate Hazard Facilities where confinement of contents is necessary for public or employee pro-
Facilities lection. Examples would be uranium enrichment plants, or other facilities involving

the handiing or storage of significant quantities of radioactive or toxic materials.

High Hazard Faciliities where confinemem of contents and public and environment protection are

Faciiities of paramount importance ( ., facilities handling substantial quantities of in-process
piutonium or fue! reprocess. sy facilities). Facilities in this category represent hazards
with potential long term and widespread effects.

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
phenomena hazards is required beyond that in conventional building codes that include
earthquake, wind, and flood considerations. Important or Low Hazard facilities are those
where it is very important to mairtain the capacity to function and to keep the facility operational
inthe event of natural phenomena hazards. Conv  tional building codes would treat hospitals,
fire and police stations, and other emergency handling facilities in @ similar manner to the
requirements of these guidelines for Important or Low Hazard facilities.

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

Factors: distinguishing Moderate and High Hazard facilities are that the operations

involving dangerous materials in High Hazard fac ies pose a greater threat due to the potential

for more widespread and/or It g term contamination in the event of off-site release. Examples
of High Hazard operations are those involving large quantities of in-process radioactive or
toxic materiais that have a high energy source or transport mechanisms that facilitate off-site
dispersion of these materiais. High energy sources, such as high pressure and temperature
steam or water associated with the operations of some facilities, can provide the means for
widespread dispersion of hazardous materials. Radicactive material in liquid or powder form
or toxic gases are more easily transportable and may result in the facility being classified High
Hazard. Hazardous materials in solid form or within storage canisters or casks may result in
the same facility being classified Moderate Hazard. High Hazard facilities do not necessarily
represent as great a hazard as commercial nuclear power plants which + st be licensed by
the Nuclear Regulatory Commission (NRC). The design and evaluation guidelines contained
in this document are not intende to apply to facilities s  ject to NRC licensing requirements.

Table 2-2 illustrates that cati ies defined in these guidelines are compatible with facility
categorization from other soi  es.

TABLE 2-2
COMPARISON OF FACILITY-USE CATEGORIES FROM YARIOUS SOURCES

Source Facility Categorization
UCRL-15910 - DOE Natural General Use Important or Low | Moderate Hazard High Hazard
Phenomena Hazard Guideiines : Hazard
1988 Uniform Building Code General Facilities | Essential Facilities
DOD Tri-Service Manual for Seismic - - High Risk Essential
Design of Essential Buildings )
IAEA-TECDOC-348 - Nuclear Facilities - Class C Class B Ciass A
with Limited Radioactive Inventory
DOE 5481.18 SAR System - Low Hazard Moderate Hazard High Hazard
NFPA 13 (Classifications for Sprinkier Light Hazard Ordinary Hazard | Ordinary Hazard Extra Hazard
Systems) (Group 1) (Group J)
Nuciear Regulatory Commission - [ *
. NRC licensed commercial nuclear nower piants have sllghuy more conservative criteria than the criteria recommended

for High Hazard facilities by these  delines.



2.2.2 Performance Goals

Table 2-3 presents performance goals for each facility-use category.

TABLE 2-3
PERFORMANCE GOALS FOR EACH FACILITY-USE CATEGORY

Facility Use Performance Goal Performance Goal Annual
Category Description Probabilitv of Exeaadance
General Maintain Occupant Sarery 103 of the onset of major structurai damage to the extent
Use that occupants are endangered
important or Occupant Satety, Continued Operation | 5x104 of facility damage to the extent that the facility
| ow Hazard with Minimal imerruption cannot perform its function
Moderate Occupent Safety, Continued Function, 104 of facility damage to the extent that the facility
Hazard Hazard Confinement cannot perform its function
High Occupant Safety, Continued Function, Very 105 ot facility damage to the extent that the facllity
Heazard High Confidence of ' rd Confinement | cannot perform its function

The design and evaluation guidelines for facilities subjected to natural phenomena hazards
presented in this document have been specified to meet these performance goals. The basis
for selecting these performance goals and theas ciated annual probabilities of exceedance
are described briefly in this section.

For General Use facilities, the primary concemn is preventing major structural damage
or facility collapse that would endanger personnelv 1in thefacility. A performance goalannual
probability 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 (References 10, 15, and 16), 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 re  acement 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 ¢ of greater importance due to mission-
dependent considerations. In addition, these fa ties 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 facilities 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 exceedance of between 10-3 and 104 of structure/equipment
damage, tothe extentthatthe ci acity ofthe faci ' is able to continue to function with minim:
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Facilitiesinwhichradicac e materials are handled are typically designed with redundani
confinement barriers betwe: )@ hazardous material and the environment. Such barriers
include:

1. The buiiding shell
2 Ventilation system filte g and negative pressurization inhibiting outward air flow.
3. Storage canisters or gl e boxes for storage or handling within the building.

Release of radioactive material ) the environment requires failure of two or more of these
barriers. Thus, seismic desigr nsiderations for these facilities aim to prevent collapse and
control cracks or openings (i.e., iled doors, failed infill walls, etc.) such that the building can
function as a hazardous materials confinement barrier. Seismic design considerations also
include adequate anchorage and bracing of glove boxes and adequate anchorage of venti-
lation ducting, filters, and put s to prevent their damage and ss of function during an
earthquake. Storage canisters e usually very rugged and are not particularly vulnerable to
earthquake damage.

Earthquake damage to components of a facility such as tanks, equipment, instrumen-
tation, and piping can also cause injuries, lcss of func n, or loss of confinement. Many of
these items can survive strol arthquake ground shaking with adequate anchorage. Some
items, such as large vertical s, must be examined in more detail to assure that there is an
adequate lateral force-resisting system for seismic loads. For components mounted within a
structure, there are three additional considerations for earthquake shaking. First, the input
excitation for structure-supported components is the response motion of the structure (which
can be amplified from the grou | motion) and not the earthquake ground motion. Second,
potential dynamic coupling b een the component and the structure must be taken into
account if the component is massive enough to affect the seismic response of the structure.
Third, large differential seismic  itions may be induced on components which are supported
at multiple locations on a struc 2 or on ac icent structures.
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pressures include pressures on windward walls, leeward walls, side walls, and roof. Local
pressures occur at wall col  rs, eaves, ridges, and roof corners. They act outward over a
limited area.

Internal pressures develo when air flows into or out of an enciosed building through
broken windows, open doors, or fresh air intakes. Natural porosity of the building also allows
airtoflowinto oroutofthebt  1gin some cases. The internal pressure can be either inward
or outward depending on th  cation of the openings. If air flows into the building through
an opening in the windward wall, a "ballooning” effect takes place: pressure inside the building
increases relative to the outsid pressure. The pressure change produces additional net
outward-acting pressures on all interior surfaces. An opening in any other wall or leeward
roof surface permits air to flow out of the building: pressure inside the building decreases
relative to the outside pressure. The press 2 change produces net inward-acting pressure
on all interior surfaces. Internal pressures combine with external pressures acting on a buil-
ding'’s surface.

On structures other than buildings - such as towers, tanks, or chimneys - interest focuses
on the net force acting to ovi  um or slide the structure, rather than the wind pressure distri-
bution. The magnitude of the rces is determined by wind tunnel or full-scale tests. Also,
in special instances, particula ssociated with aerodynamically sensitive structures, it may
be necessary to consider vortex shedding or flutter as a design requirement. Typical sensitive
structures are: chimneys, stack poles, cooling towers, cable-stayed or supported bridges,
and relatively light structures with large smocth surfaces.

Gusts of wind produce 'namic pressures on structures. Gust effects depend on the
gust size relative to building siz and gust frequency relative to the natural frequency of the
building. Except for tall, slender structures (designated wind-sensitive structures), the gust
frequencies and the structure fr  uencies of vibration are sufficiently different that resonance
effects are small, but they aren negligible. The size (spatial extent) of a gust relative to the
size of the structure, or the size of a compcnent on which the gust impinges, contributes to
the magnitude of the dynamic | ssure. A large gust that enguifs an entire structure has a
greater dynamic effectonthem 1 wind force resisting system than asmz just whose extent
only partiaily covers the building. On the other hand, a small gust may enguif the entire tributary
area of components such as a purlin, a girt, or cladding. In any event, wind loads may be
treated as quasi-static )ads by cluding an appropriate gust response factor in calculating



- the magnitude of wind pressures. Extreme wind, h ricane, and tornado gusts are not exac

the same. However, errors owing to the difference in gust characteristics are believed to be
relatively small for those structures that are not wind sensitive.

The roughness of terrain surrounding a structure significantly affects the magnitude of
wind speed. Terrain roughness is typically defined in four classes: urban, suburban, open,
and smooth. Wind speed profiles as a function of height above ground are represented by a
power law relationship for engineering purposes. The relationship gives zero wind speed at
ground level. The wind speed increases with height to the top of the boundary layer, where
the wind speed remains constant with height.

3.2.2 Additional Adverse Effects of Tornadoes

In addition to wind pressures | >duced by tornadoes, iow atmospheric pressure and
debristransported by thetornadowinds (tornado- :nerated missiles) pose additional potential
damage.

Atmospheric pressure change (APC) affects only sealed buildings. Natural porosity,
openings, or breach of the building envelope permits the inside and outside pressures of an
unsealed building to equalize. Openings of one q ft per 1000 cu ft volume are sufficiently
large to permit equalization of inside and outside g 'ssure as atornadopassesoverab ding.
Buildings or other enclosures that are specifically sealed, e.g., a hot cell, will experience the
net pressure difference caused by APC. When APC is present, it acts outward and combines
with external wind pressures. The magnitude of APC is a function of the tangential wind speed
of etornado. However, the maximum tornadow d speed and the maximum APC pressure
do not occur at the same place. The lowest APC occurs at the center of the tornado vortex,
whereas the maximumv d preésure occurs at- adius of maximum winds, which ranges
from 150-500 feet from the tornado center. The > pressure is approximately one-half its
maximum value at the radius of maximum wind speed.

The rate of APC is a function of the tornac ; translational speed, which can vary from
5to 60 mph. A rapid rate of pressure change car roduce adverse effects on HVAC systems.

Violent tornado winds can pick up and transport various pieces of debris, including roof
gravel, pieces of sheet metal, timber planks, pipes, and ¢ ier objects that have high surface
area to wei¢ tratios. Automobiles, storage tanks, and railroad cars may be rolled or tumbled
by tornado winds. In extremely rare instances, large-diameter pipes, steel wide-flange beams,
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or element connection. A multiple degree of rex lancy should be provided which a ws
redistribution of ioad in a ductile systefn when one element of the system is overloaded.
Two-dimensional subsystems transmit wind loads from their points of application to the
foundation. Typical subsystems include braced frames, rigid frames, shear walls, horizontal
floor and roof diaphragms, and bearing walls. The subsystem must have sufficient strength
and stiffness to resist the appiied loads without excessive defiection or collapse. The three-
dimensional wind-load resisting system is mad( p of two or more subsystems to form an
overall system that is capable of tranSmitting all plied loads through various load paths to
the foundation.

The main wind-force resisting system must be able to resist the wind ads without
collapse or excessive deformation. The system must have sufficient ductility to permit relatively
large deformations without sudden or catastropl cc¢ ipse. Ductility impliesan ilityof e
system to redistribute loads to other components oft : system when some part is overloaded.

Keys to successful performance of the wi -resisting system are weli-designed con-
nections and anchorages. Precast concrete str tures and pre-engineered metal buildings
generally have not demonstrated the same degree of satisfactory performance in high winds
or tornadoes as conventional reinforced concrete and steel structures. The chief cause of the
inadequate behavior is traced to weak connecti s and anchorages. These latter systems
tend to have a lesser number of redundancies, v ich precludes redistribution of loads when
yielding takes place. Failure under these circumstances can be sudden and catastrophic.
Timber structures and those which rely on unrei sed load-bearing masonry walls suffer
from weak anchorages and a lack of ductility, respectively. These systems, likewise, can
experience sudden collapse under high wind loads. Reinforced masonry walls have inherent
strength and ductility of the same order as reinforced concrete walls. Weak anchorages of
roof to walls sometimes lead to roof uplift and subsequent collapse of the walls.

3.2.4 Effects on Cladding

Cladding forms the surface of the building envi )pe. Cladding on walls includes window
glass, siding, sandwich panels, curtain wz 3, £ 'k veneer, masonry walls, precast panels,
andin-fill walls. Roof claddingincludeswood and: ital deck, gypsum planks, poured gypsum,
and concrete slabs. Roofing material, such as built-1  roofs or single-ply membrane systems,

are also a part of the roof cladding.
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Cladding failure resuits | breach of the building envelope. A breach can develop
because of failure ofthecladdir  self (excessive yielding or fracture), inadequate connections
or anchora s, or perforationt missiles. Sometimes cladding provides lateral support to
puriins, girts, and columns. ft cladding or its anchorage fails, this lateral support is lost,
leaving the elements with a reduced load-carrying capacity.

Most cladding failuresres fromfail 8 of fasteners or the material in the vicinity cf the
fastener. Claddingfailuresinitiz  itlocations ofhigt )cal wind pressures such aswall corners,
eaves, ridges, and roof corners. Wind tunnel studies and damage investigations reveal that
local pressures can be one to times greater than overall external pressures.

Breach of the ! ilding envelope resulting from cladding failure allows air to flow into or
out of the building, depen: 1g on where the breach occurs. The resulting internal pressures
add to other external wind pressures, producing a worse jading case. Water damage is also
a possibility, because most sev 3 storms are accompanied by heavy rainfall.

if the building envelope is reached on two sides of the building, e.g., the windward and
leeward walls, a channel of air can flow through the buiiding from one opening to the other.
The speed of the flowing ¢ isr 1ted to the wind speed outside the building. A high-speed
air flow (greater than 40 mph) could collapse interior partitions, pick up small pieces of
equipment, or transport toxic or \dioactive materials to the environment.
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Depending on the type of flooding and local conditions, the particular hazard posed by
aflood canvary. For example, extreme flooding on ariver may simply inundata asite. However,
in a different situatioh. channel conditions may be such that prior to the site being inundated,
high flows could lead to emt kment erosion and structural damage to :vees or dikes.
Similarly, at coastal sites, storm surge and/or wave action can pose different hazards to a site.

In most cases, flood hazards are characterized in terms of the depth of flooding that
occurs on site. This is reason le since the depth of inundation is probably the single most
relevant measure of flood seve . However, the type of damage that is caused by flooding
depends very much on the nature of the hazard. For exampile, it is not uncommon that coastal
sites can suffer significant dam je due to wave action alone, even if the site is not completely
inundated by astormsurge. Sit  arly, high-velocity flood waters on ariver can add substantially
to the threat of possible loss of life and the extent of structural damage. In many cases, the
other hazards - such as wave action, sedimentation, and debris flow - can compound the
damage caused by inundation.

3.3.2 Flooding Damage

Iin many ways, flood hazards differ significantly from other natural phenomena consid-
ered in this document. As an example, it is often relatively easy to eliminate flood hazards as
a potential contributor to the chance of damage at a hazardous facility by strict siting
requirements. Similarly, the opportunity to effectively utilize warning systems and emergency
procedures to limit damage 1 2ersonnel injury is significantly greater in the case of flooding
than it is for seismic or extreme winds and tornadoes.

The damage to buildings and the threat to public health vary depending on the type of
flood hazard. In general, str :tural and non-structural damage will occur if a site is inundated.
Depending on the dynamic inl  sity of on-site flooding, severe structural damage and com-
plete destruction of buildings can resuit. In many cases, structural failure may be less of a
concern than the damaging ‘ects of inundation on building contents and the possible
transport of hazardous or radicactive materials.

For hazardous facilities | 1t are not hardened against possible on-site and in-building
flooding, simply inundating site can resuit in a loss of function of equipment required to
maintain safety and in a bre of areas that contain valuable or hazardous materials.
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Structural damage to buildings depends or number of factors related to the intensity
of the flood hazard and the local hydraulics of the site. Severe structural damage and collapse
generally occur as a result of a combination of haz is such as fiood stage level, w velocity,
debris or sediment transport, wave forces, and ir act loads. Flood stage is quite obviously
the single most important characteristic of the hazard (fiood stag&s below grade generally do
not result in severe damage).

in general, the conseguences of on-site fiooding dramatically increase because flooding
varies from submergence to rapidly moving water loaded with debris. Submergence results
in water damage to a buiiding and its contents, loss of operation of electrical components,

‘and possible structural damage resulting from extreme hydrostatic loads. Roof collapse can

occur when drains become clogged or are inadequate, and when parapet walls allow water,
snow, or ice to collect. Also, exteriorwalls reil ad concrete or masonry buildings (above
and below grade) can crack and possibly fail un r hydrostatic conditions.

Dynamic fiood hazards can cause excessive damage to buildings not properly designed
to withstand dynamic forces. V ere wave action is likely, erosion of shorelines or river banks
can occur. Structures located near the shore are subject to continuous dynamic forces that
can break up a reinforced concrete structure and at the same time undermine the foundation.
Buildings with light steel frames and metal siding, wooden structures, and unreinforced
masonry are susceptible to severe damage an:  ven collapse if they are exposed to direct
dynamic forces. Reinforced concrete buildings are less likely to suffer severe damage or
collapse. Table 3-2 summarizes the damage th. various flood azards can cause occur to
buildings and fiood protection devices.

TABLE 3-2
FLOOD DAMAGE SUMMARY

Hazard Damage

Submergence Water damage to building contents; loss of electric power and
component function; settiements of dikes, levees; levee overtopping

Hydrostetic Loads Can cause cracking in walls and foundation damage; ponding on
roofs cai  ause collapee; levees and dikes can tail due to hydro-
static pressure and leakage

Dynamic Loads . Erosion of embankments and undermining of seawalis, high
dynamic loads can cause severs structural damage, erosion of
levees
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TABLE 4-1

SUMMARY OF EARTHQUAKE EVALUATION GUIDELINES

FACILITY-USE CATEGORY
General Use Important or Moderate High
Low Hazard Hazard Hazard
HAZARD EXCEEDANCE 2x10-3 1x103 1x10°3 104
PROBABILITY
RESPONSE . Median Ampiification
SPECTRA (no conservative bias)
uAMPING 5% Post Yield
(Table 4-4)
ACCEPTABLE Static or Dynamic Dynamic Analysis”
ANALYSIS Force Method Normalized
APPROACHES to Code Level Base Shear
IMPORTANCE =10 1=1.25 Not Used”
FACTOR
LOAD Code Specified Load Factors Appropriate Load Factors of Unity
FACTORS for Structural Materiai .
INELASTIC Accounted for by Rw Fu from Table 4-2
DEMAND- in Code Base Shear Applied to Dead Load
CAPACITY Equation (Ref. 10 Plus Live Load
RATIOS and Table 4-2) Plus Earthquake
MATERIAL Minimum Specified or Known in-situ Vaiues
STRENGTH g
STRUCTURAL CAPACITY ~~de Ultimate or Yield Level
) owable Level
PEER REVIEW, ee=s Required
QA, SPECIAL
INSPECTION

-

Minimum seismic requirements in these categories include static analysis per UBC provisions with | = 2.0 and
Z from hazard exceedance probabiiity for category considered.

4.2.2 Evaluation of General ' ie & nportant or Low Hazard Facility Seismic Behavior

Design or evaluation of General Use and Important or Low Hazard facilities for earth-
quake hazards is based on normal building code seismic provisions. In these guidelines,
Reference 10, the 1988 edition of { 1 Uniform Building Code is followed for these facility-use
categories. Basic steps in the seismic design and analysis process are summarized in this
section. All 1988 UBC provisions are to be followed for General Use an Important or
Low Hazard facilities (with moc Ications as described below), regardless of whether
they are discussed herein.

In the 1988 UBC provisions, the lateral force representing the earthquake loading on

buildings is expressed in terms of the total base shear, V, given by the following equation:

V = ZICW /Ry (4-1)

4-3



a seismic zone factor equivalent to peak ground acceleration,
a factor accounting for the importance of the facility,

C =a spectral amplification factor, L
W = the total weight of the facility, .
Rw = a reduction factor to account for energy absorption capability B

of the facility (Ref. 10 vaiues are shown in Table 4-2).

For General Use and important or Low Hazard DOE facilities, it is recommended that
the 1988 UBC provisions be foliowed, with the exception that Z be evaluated from the hazard
curves in Reference 1, and C is the ampilification factor from 5% damped median response
spectra. It is recommended that both new and existing facilities (also refer to Section 4.4.5 for
existing facilities) be evaluated for their adequacy to withstand earthquakes by the following
procedure:

1. Evaluate slement forces, F(UL) and F(LL), throughout the tacility for dead and live loads, respectively
{realistic estimate of loads for existing facilities).

2. Evaiuate slement forces, F(EQ), throughout the ta  ty for earthquake loacs.

a Static force method for regular taciiities or dynamic force method for irregular lacilities as described i
the 1988 UBC provisions.

b. In either case, the tota! base sheer is given by Equation 4-1 where the parameters are evaluated as
foliows:

1) Z is the peak ground acceleration from the hazard curves (Table 4-3) at the following exceedanc
probabilities:
General Use -2x10°3
important or Low Hazard - 1x10-3

2 C is the spectral ampilification at the funderantal period of the facility from the 5 percent damped
median response spectra for the facility. ie that for fundamental periods lower than the period
at which the maximum spectral acceleration occurs, ZC should be taken as the maximum spec-
tral acceleration as iliustrated in Figure 4-1.

Ampilification tactors from median spectra may be determined by:
a) site-specific geotechnical studies
b) References 1, 25, 26, or 27

3) It ZC is less than the 1988 UBC provisions (Reference 10):

a) Earthquake ioads shouid be based on the larger of ZC determined from items 1 and 2 above
or from the 1888 UBC provisions uniess ZC is based upon a site-gpecific gectechnical study.

b) if ZC is based upon a site-specific geotechnical study, any significant differences with UBC
will be justified and resolved. Final sarthquake loads are subject to approval by DOE/OSA.

4) importance factor, |, should be taken as:
General Use -l=10
important or Low Hazard - | = 125

5 Reduction factors, Ryy, are from Table No. 23-O of Reference 10 as reproduced in Table 4-2.

3. Combine responses from various loadings 1o evaluste demand, D, by:
D=LF[FOL) + F(LL) + F(EQ))orD = 0f DL) =LF F(EQ)
when strength design is used (LF is the load fact  which would be 1.4 in the case of concrete).
or

D=07¢ ‘(DL + F(LL) + F(EQ))
when allowatwe stress design-is used (the 0.75 factor corresponds to the one-third increase in allowable
strees permitted for seismic loads).




Evaluate capacitiss of the elements of the facility, CAP, from code uitimate values when strength design is
used (e.g., UBC Sec. 2609 & 2625 for reinforced concrete) or from allowable stress leveis when allowable
stress design is used (e.g., UBC Sec. 2702 for steel). Minimum specified or known in-situ vaiues for mate-
rial strengthe shouid be used for capacity estimation.

Compare demand, D, with capacity, CAP, for all structural elements. if D is less than or equal to CAP, the
facility satisfies the seismic lateral force requirements. if D is greater than CAP, the facility has inadequate
iateral force resistance.

Evaluate story drifts (l.e., the cienjacement of one level of the structure relative to the level above or below
due to the design lateral forcs  inciuding both translation and torsion. Per Reference 10, calcuiated story
drifts should not exceed 0 N4/, times the story height nor 0.005 times the story height for buildings less
than 65 feet in height. Fo  ller buildings, the calculated story drift should not exceed 0.03/R,, nor 0.004
timee the story height.  cte that these story drifts are caiculated from seismic loads reduced by Ry, in
accordance with Equation 4-1. These drift limits may be exceeded when it is demonstrated that greater
drift can be tolerated by both structural systems and nonstructurai elements.

Elemaents of the facility sho  be checked to assure that all detailing requirements of the 1988 UBC
provisions are met. UBC Seismic Zone No. 2 provisions shouid be met when Z is between 0.12 and 0.24g.
UBC Seismic Zone Nos. 3 & 4 provisions should be followed when Z is 0.25g or more. Special seismic
provisions in the UBC need not be followed If Z is 0.11g or less.

Peer review of engineering drawings and caiculations, special inspection and testing of new construction
or existing facilities, and other quality assurance measures discussed in Section 4.3 should be impiem-
ented for Important or Low Hazard facilities.

1.25
For Building Response Evaiuation, the
Maximum Spectral Acceleration is Used
for Low Period Region for:
1F A) ZC per Section 4.2.2

B) Fundamental Mode Spectral

)
—_ /
2= I' Acceleration per Section 4.2.3
c
2 iN\
% 0.750
3 I
L
g ,' Actual Spectrum in Low Period Region
|
TE !
S osp
v
a
a
0.25F
0 I — - S . o 1
0 05 1 1.5 2 2.8 3

Period (seconds)
Note: For seismic evaluation of nonstructural components,
equipment, piping, etc. by dynamic analysis, the actual

spectrum should be used. The actuai spectrum should
aiso be used as the basis for developing floor spectra.

FIGURE 4-1
EXAMPLE DESIG! EVALUATION EARTHQUAKE
GROUND } )TION ESPONSE SPECTRUM
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TABLE 4-2 ‘
CODE REDUCTION COEFFIC :NTS, Ry AND
INELASTIC DEMAND CAPACITY RATIOS, Fy

Category
Structura! System GU &l MH HH
(terminology is identical to Ret. 10) orlH
Rw F
-
MOMENT RESISTING FRAME SYSTEMS
Columns . 1.5 1.25
Beams
Stee! Special Moment Resisting Space Frame (SMRSF) 12 3.0 ] 25
Concrete SMRSF 12 2.75 225
Concrete iIntermediate Momert Frame (IMRSF) 7 15 125
Steel Ordinary Moment Resisting Space Frame 6 1.5 1.25
_ Concrete Ordinary Moment Resisting Space Frame ) 1.1 1
SHEAR WALLS
Concrete Walls 8 (6) 1.7 (1.4) 1.4 (1.15)
Masgonry Walls B (6) 1.5 (1.3) 125 (1.1)
Ptywood Walls 9 (8) 20 (1.7) 1.5 (1.4)
Dual System, Concrete with SMRSF 12 25 20
Dual Systemn, Concrete with Concrete )  jF 2.0 1.5
Dual System, Masonry with SMRSF : 8 15 125
Dua! System, Masonry with Concrete IMRSF 7 1.4 1.15
STEEL ECCENTRIC BRACED FRAMES (EBF)
Columns - 15 125
Beams and Diagonal Braces 10 2.75 225,
Beamns and Diagonal Braces, Dual System with Stee! SMRSF 12 3.0 2.5
CONCENTRIC BRACED FRAMES
Steel Beams 8 (B) 20 (1.7) 1.5 (1.9
Steel Diagonal Braces 8 (6) 1.7 (1.5) 1.4 (1.25) -
Steel Columns 8 (6) 1.7 (1.5) 1.4 (1.25)
Connections of Steel Members 8 (6) 1.4 (1.25) 1.15 (1.05) .
Concrete Beams 8 (4) 1.7 (1.3) 14 (1.1)
Concrete Diagonal Braces 8 (4) 15 (1.2) 125 (1)
Concrete Columns 8 (4) 1.5 (1.2 1.25 (1)
Connections of Concrete Members 8 (4) 125 (1.1) 1.05 (1) L
Wood Trusses 8 (4) 1.7 (1.3) 14 (1.1) ’
Wood Columns 8 (4) 1.5 (1.2 1.25 (1)
Connections in Wood (other than nails) 8 (4) 1.5 (1.2 125 (1)
Beams and Diagona! Braces, Dua! Systems
Steel with Steel SMRSF 10 25 20
Concrete with Concrete SMRSF 8 2.0 15
Concrete with Concrete IMSRF 6 14 1.15 -

Note: Values herein assume good seismic detailing practice per Section 4.3 and reasonably unitorm inelastic behavior.
Otherwise, lower values should be used. Moment resisting frame detaiiing per Reference 10.

Values in parentheses apply to bearing wali systems or systems in which bracing carries gravity loads
Rw vaiues for coiumns are the same as for beams and braces for moment frames and for eccentric braced frames
F\, for chevron, vee, and K bracing is 1.15 for Moderata Hazard facilities and 1 for High Hazard faciiities. K bracing

is hot permitted in buildings of morethantwo storiesfo  0of 0.25g or more. K bracing requires special consideration
for any building if Z is 0.25g or more.

For columns subjected to combined axial compression and bending, interaction tormulas from Figures 4-2 and 4-3
of Reterence 11 shouid be used for Moderate and High Hazard tacilities.

For Maderate and High Hazard facilities, it is permissible to use the F, value which applies to the overall structural
system for structural elements not mentioned on the above table. For exampie, to evaluate diaphragm eiements,
footings, pile foundations, etc., F\; of 3.0 may be used tor a Moderate Hazard steel SMRSF. In the case of a Moderate
Hazard steel concentric braced frame, F; of 1.7 may be used.




TABLE 4-3
MAXIMUM HORIZONTAL GRC IND SURFACE ACCELERATIONS AT DOE SITES

(Reference 1)
LR HAZARD ANNUAL PROBABILITY

R OF EXCEEDANCE
DOE SITE 2103 1x10-3 2104
BENDIX PLarv .08 .10 a7
LOS ALAMOS SCIENTIFIC LABORATORY .18 2 38
MOUND LABORATORY 12 15 23
PANTEX PLANT .08 10 A7
ROCKY FLATS PLANTS™" .13 15 21
SANDIA NATIONAL LABORATORIES, ALBUQUERQUE A7 2 38
SANDIA NATIONAL LABORATORIES, LV | E,CA 41 48 68
PINELLAS PLANT, FLORIDA ' 04 0s 09
ARGONNE NATIONAL LABORATORY-EAST .09 12 21
ARGONNE NATIONAL LABORATORY-WEST 12 14 21
BROOKHAVEN NATIONAL LABORATORY 12 15 25
PRINCETON NATIONAL LABORATORY 13 18 27
-~ IDAHO NATIONAL ENGINEERING LABORATC 12 14 21
FEED MATERIALS PRODUCTION CENTER 10 13 20
- OAK RIDGE NATIONAL LABORATORY, X . K-25, and Y-12 15 19 32
r PADUCAH GASEOUS DIFFUSION PLANT a3 45 .
PORTSMOUTH GASEOUS DIFFUSION PLANT .08 11 A7
NEVADA TEST SITE 21 27 .46
e HANFORD PROJECT SITE .09 12 a7
o LAWRENCE BERKELEY LABORATORY 55 64 .
B LAWRENCE LIVERMORE NATIONAL LABORATORY (LLNL) 41 .48 68
LLNL. SITE 200-854 32 .38 56
LLNL. SITE 300-834 & 836 28 34 51
ENERGY TECHNOLOGY AND ENGINEERING CENTER 53 59 .
. STANFORD LINEAR ACCELERATOR CENTER 45 59 .
SAVANNAH RIVER PLANT - 08 11 19

Value not available from Reference 1 and must be determined for High Hazard facilities at these sites.
~ i Bedrock siopes at Rocky Flats. This value is surface acceleration at an average soil depth at this site.

Note: Values given in thig table are largast neak instrumental accelerations. Maximum vertical acceleration may be assumed
to be 2/3 of the mean peak hori le Meration (see Section 4.4.1 for a discussion of earthquake components and
mean peak horizontal acceleratic
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3. L ting the input spectra dev  ped above and a mathematical modei of the facility, perform an elastic
aynamic analysis of the facility 1o evaluate the elastic sarthquake demand, F(EQ), of all elements of the
facility. Damping shouid be determined from Tabie 4-4.

4. Eveiuate the totai demarn siements of the facillty, D, from:
D = [F(OL) + F(LL) 4 /Fy
where F; is the allowable ineiastic demand-capacity ratio as given in Table 4-2,
S. Evaluate-capacities of the sleme¢ ) of the facility, CAP, from code ultimate or yieid vaiues (e.g., UBC Sec.

2609 & 2625 for reinforced concrete and 1.7 times UBC Sec. 2702 or UBC Sec. 2721 for stesl). Note that
strength reduction factors, ¢ are retained for Moderate and High Hazard facilities. Minimum specified or
known in-situ values for material strengths should be used for estimation of capacities.

8. ' e ' . Dt o ualtoCAP » ity satisfies
tne sewsmic 1a1eral 10rce requiremems. 1 U is greater than CAP, the facility has inadequate lateral force
resistance.

7. Evaluats story drifts due to lateral forces, including both translation and torsion. it may be assumed that

inelastic drifts are adequately epproximated by elastic analyses. Note that for Moderate and High Hazard
facilities, loads used to compute drifts are not reduced as ia the case for Section 4.2.2 guidelines where
loads used to compute story drifts are reduced by Ry,. Where confinement of hazardous materials is of
importance, caiculated storv Arifig ghouid not exceed 0.010. This drift limit may be exceeded when accept-

able performance of both Jcture and nonstructural siements can be demonstrated at greater drift.
8. Check elements of the fa assure that good detailing practice has been followed. Values of F; given
in Table 4-2 are upper lirr 8 assuming good design detailing practice as discussed in Section 4.3

and consistency with recent LUBC provisions. UBC Seismic Zone No. 2 provisions should be met when Z is
between 0.12 and 0.24g. UBC Seismic Zone Nos. 3 & 4 provisions should be followed when Z is 0.25g or
more. Special seismic provis 8 in the UBC need not be followed if Z is 0.11g or less.

9. Implement peer review of  jineering drawings and caiculations, special inspection and testing of new
construction or existing fa  ies, and other quality assurance measures discussed in Section 4.3 for Mod-
erate and High Hazard facumes.

10. inelastic analyses may, altern  sly, be performed for Moderate and High Hazard faciiities. Acceptable
inelastic analysis procedures include:
a. Capacity spectrum method as described in Referencs 11.
b. Direct integration time history analyses explicitly modeling ineiastic behavior of individual elements
of the facility. Several representative earthquake time histories are required for dependable
results from these analyses.

TABLE 4-4
REC( AMENDED DAMPING VALUES”
leferences 11 and 25)

Damping
Type of Structure (% of Criticai)
Equipment and Piping 5
Waelded Steel and
Prestressed Concrete 7
Bolted Steel and
Reinforced Concrete 10
Masonry Shear Wails 12
Wood 15

Corresponding to post yield stress leveis to be used for evaluation of Moderate and High Hazard Facilities.
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mustremain operative to preserve the integrity of the structure. Itis good practice toincorporate
redundancy into the seismic-resisting system and t to rely on any system wherein distress
in any member or element may cause progressive or catastrophic collapse.

Detailing For Ductile Behavior - In general, it ; uneconomical or impractical to design
structures to remain within the elastic range of stress tor earthquakes which have very low
probability of occurrence. Furthermore, itis highly desirable to design structures or equipment
in @ manner which avoids brittle response and premature unexpected failure such that the
structure or equipment is able to dissipate the energy of the earthquake excitation without
unacceptable damage. As a result, good seisn esign practice requires selection of an
appropriate structural system with detailing to develop sufficient energy absorption capacity
to limit damage to permissible levels.

Structural steel is an inherently ductile material. Energy absorption capacity may be
achieved by designing connections to avoid tee g or fracture and to ensure an adequate
path for a load to travel across the connection. Because of the possibility of instability by
buckling for relatively slender steel members ac g in compression, detailing for adequate
stiffness and restraint of compression braces, outstanding legs of members, compression
flanges, etc., must be provided. Furthermore, ¢ ections must be limited to prevent overall
frame instability due to P-delta effects.

Brittie materials such as concrete and unit-masonry require steel reinforcement to provide
the ductility characteristics necessary to resist seismic forces. Concrete structures should be
designed to prevent concrete compressive failu , concrete shearing failure, or loss of rein-
forcing bond or anchorage. Compression failures ir  exural members can be controlied by
limiting the amount of tensile reinforcement or by providing compression reinforcement and
requiring confinement by closely spaced transverse reinforcing of longitudinal reinforcing bars
(e.g., spirals, stirrup ties, or hoops and supplementary cross ties). Confinement increases the
strain capacity and compressive-, shear-, and bond-strengths of concrete. Maximum con-
finement should be provided near jointsandincc mr embers. Failures of concrete inshear
or diagonal tension can be controlied by provi g sufficient shear reinforcement, such as
stirrups and inclined bars. Anchoragefailuresca e controlled by sufficient lapping of splices,
mechanical connections, welded connections, etc. There should be added reinforcement
around openings and at comners where stress col  entrations might occur during earthquake
motions. Masonry walls must be adequately rei >rced and anchored to floors and roofs.
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deformations resulting from an earthquaketo ens ethat it is adequately designed. Similarly,
gravity loads should be combined with earthquake loads in the evaluation of the lateral force
resisting system. ‘

Survival of Emergency Systems - In additiontog venting damage to structures, equipment,
piping, nonstructural elements, etc., it is usually necessary for emergency systems and lifelines
to survive the earthquake. Means of ingress and egress, such as stairways, elevator systems,
and doorways, must remain functional for lers )| safety and for control of hazardous
operations. Fire protection systems must remai operational after an earthquake. | mal
off-site power has been vulnerable during past e thquakes. Either normal off-site or emer-
gency on-site water and power supplies must be available foliowing an earthquake. Liq |
fuels or other fiammables may leak from broken ies. Electrical short circuits may occur.
Hence, earthquake-resistant design consideratic = extend beyond the dynamic response of
structures and equipment to include survival of  stems which prevent facility damage or
destruction due to fires or explosions which migl  :sult from an earthquake.

Quality of Materials and Construction - Earthquake design or evaluation considerations
discussed thus far address recommended engineering practice that maximizes earthquake
resistance of facilities. For important or hazard( s facilities, it is further recommended that
designers or earthquake consultants employ quality assurance procedures and that their work
be subjected to independent peer review. Additional earthquake design or evaluation con-
siderations include:
a. Is the facility constructed of high quali materials that meet design specifications
for strength and stiffness?
b. Have the design detailing measures, as described above, been implemented in
the construction of the facility?
The remainder of this section discusses eénhquake enginéering quality assurance, peer
review, and construction inspection requirements.

To achieve weli-designed and constructed earthquake-resistant facilities or to assess
whether existing facilities are well-designed an constructed for earthquake effects, it
necessary to:

a. Understand the seismic response of the facility.
Select and provide an appropriate stru«  al system.

¢. Provide seismic design detailing that-obtains ductile response and avoids prema-
ture failures due to instability or brittle response

d. Provide materials’ testing and construction inspection.
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4.4 OTHER SEISMIC DESIGN AND EVALUATION CONSIDERATIONS

4.4.1 Effective Peak Ground Motion

Loads induced by earthquake ground shaking to be used for the design or evaluation
of facilities, in accordance with the guidelines presented herein, are based on 1 dian
ampliﬁcatiori response spectra anchored to maximum ground acceleration for specified annual
probabilities of exceedance (see Section 4.2 and Appendix A). As a result, seismic hazard
curves wherein peak ground accelerations are presented as a function of annual probability
of exceedance and median amplification response spectra are required for each DOE facility.
This ground motion data can be obtained from site-specific studies. Alternatively, Reference
1 provides seismic hazard curves and earthquake response spectra for each DOE facility. In
addition, Sections 4.2.2 and 4.2.3 aliow the methods described in References 25, 26, and 27
to be used to estimate median spectral amplificati . For convenience, this section discusses
ground motion as defined by Reference 1. Maximum ground accelerations at the specified
annual probabilities of exceedance recommended by these guidelines for each facility-use
category are reproduced in Table 4-3. For someé a¢ ly sites with high seismic hazard, note
that the Reference 1 hazard curves do not provide acceleration values at hazard exceedance
probability levels of 2x10~4. For the design or « aluation of High Hazard facilities at these
sites, maximum ground accelerations will have to be developed at 2x10~4 annual probability
of exceedance.

The peak ground accelerations reported i Reference 1 correspond to the maxim n
acceleration that would be recorded during an arthquake by a three-axis strong motion
instrument on a small foundation pad at the free ground surface. This value is called the peak
instrumental acceleration. Forthefoliowingreasc ,thelargestpeakinstrumental acceleration
and response spectra anchored to such an acceleration often provide an excessively con-
servative estimate of the ground motion actually put to a stiff, massive structure and/or the
damage potential of the earthquake.

a. Peak value of other components is less than the largest peak acceleration as
given in Reference 1.

b. Effective peak acceleration based on repeatable acceleration levels with fre-
quency content corresponding to that of structures is a better measure of earth-
quake damage potential.

c. Soil-structure interaction reduces input motion from instrumental, free ground
surface values. :

These reasons are extensively discussed in Reference 29 and are briefly addressed below.
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TABLE 4-5
FREQUENCY DEPE DENT ELASTIC HALF-SPACE IMPEDANCE _

Direction of Equivalent Spring Constant for | Equivalent Spring Constant for | Equivalent Damping Coefficient

Motion Rectanguiar Footing Circular Footing

Horizontal k,=k,2(1+v)CB,/BL k. =k 32(1-VIGR ¢, =,k (static)R{p/C
= Tl 7-8v

Rocking G 2 8GR? c,=Cak (static)RJp/C

ky=ka7—7B,8°L k'-k’a—(l-_v) v

Vertical k, =k, G 8. 3L K -k,4GR ¢, = Cik (static)R{p/G
* l=-v'* = l=v

Torsion —_— k._k.lagcka ¢, = ¢k (static)RVp/G

v = Poisson'’s ratio of foundation medium,

G = shear modulus of foundation medium,

R = radius of the circuiar base mat,

p = density of foundation medium,

B = width of the base mat in the plane of horizontal excitation,

L = length of the base mat perpendicular to the plane of horizontai excitation,

klnkz-k:okﬁ
C1:C2,C3:Cq

= frequency dependent cosfficients modifying the static stiffness or damping (Refs. 32, 34, 36, etc.).

B/L

3 T T T T 1.5
| el
w20 [0, } 1.0
S 512 |
o L g J’
Qo._x L ___.;...__J.!
1:—/} 0.5
0- L N TS BT | | S tfo
0.1 0.2 .40.6 1.0 2 4 6 810

Constants 3, 3, and 3, for a Rectangular Foundation
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4.4.3 Combination of Earthquake Components

Actual earthquake records demonstrate that iorizontal and vertical components of
motion are essentially statistiéally independent. C'  sequently, there is only a small probability
thatthe peak responses, duetoea: of the three individual earthquake components, will occur
at the same time. Methods of combining responses from different earthquake components
in a reasonable manner are described in this sec n.

For General Use and Important or Low Hazard facilities, the effects of concurrent
earthquake ground motion in orthogonal horizoni  directions should be considered for those
cases required by the 1988 UBC provisions. This requirement is satisfied by designing ele-
ments for 100 percent of the prescribed seismic >rces in one horizontal direction plus 30
percent of the prescribed forces in the perpendicular horizontal direction. The combination
requiring the greater component strength should be used for design/evaluation. Alternatively,
the effects of the two orthogonal directions may be combined on a square root of the sum of
the squares (SRSS) basis. When the SRSS method of combining directional effects is used,
each term computed is assigned the sign that produces the most conservative result. By UBC
provisions, the contribution due to the vertical component is not combined with response from
other components. There is a UBC requirement  design horizontal cantilever components
for a net upward force.

For Moderate and High Hazard facilities, eai gquake responses in a given direction from
the three earthquake components should be combined directly, using the assumption that,
when the maximum response from one component occurs, the responses from the other two

-components are 40 percent of the maximum. in1 ; method, all possible combinations of the

three orthogonal components, including variation: :sign, should be considered. Alternatively,
the effects of the three orthogonal directions may be combined by SRSS, as discussed above.

In Section 4.4.1, it was established that the peak value of other components of earthquake
ground motion is less than the largest peak acceleration as given in Reference 1. As aresult,
with the largest peak acceleration defined by Reference 1, it may be assumed that the second
orthogonal horizontal component is 8C jercent the motion defined by Reference 1, while
the vertical component is 60 percent of the Reference 1 motion. Therefore, when the largest
peak acceleration as defined in Reference 1 is ' ed to evaluate earthquake response in a
given horizontal direction, response due to the ot r horizontal direction of motion should be
taken as 40 percent of 80 percent of the response computed from the largest peak acceleration.
[ due to the vertical component should et 3n as 40 percent of 60 percent of the
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response computed from the lar. st peak acceleration. Note that this approach is approxi-
mately equivalent to the UBC provisions of designing elements for 100 percent of the prescribed
seismic forces in one hi zontal . ‘ection plus 30 percent of the prescribed forces in the
perpendicuiar horizontal direction.

4.4.4 Special Considerations for Equipment and Piping

For DOE facilities that house 1zardous operations and materials, the seismic adequacy
of equipment and piping is asir ortant as the adequacy of the building. As part of the DOE
Natural Phenomena Hazards project, a document has been prepared which provides practical
guidelines for the support and anchorage of many equipment items that are likely to be found
in DOE facilities (Reference 5). This document primarily addresses equipment strengthening
and upgrading to increase the sei:  © capacity in existing facilities. However, the document
is alsorecommended for consider:  1s of equipment support and anchorage in new facilities.

Special considerations abo the seismic resistant capacity of equipment and piping
include:

1. Equipment or piping s ported within a structure respond to the motion of the
structure rather tha the around motion. Equipment supported on the ground or
on the ground floor witt  a structure experiences the same earthquake ground
motion as the structure.

2. Equipment or piping pported at two or more locations within a structure are
stressed due to both inertial effects and relative support displacements.

3. Equipment or pipinn mi have either negligible interaction or significant coupling
with the response or the supporting structure. With negligible interaction, oniy the
mass distribution of the equipment should be included in the model of the struc-
ture. The equipmentm be an rzed independently. With strong coupling or if
the equipment massis  percent or more of the structure story mass, the
equipment should be m  leled along with the structure model.

4. Many equipment items are inherently rugged and can survive large ground
mction if they are adequately anchored.

5. Many equipmentitems ' common to many industrial facilities throughout the
world. As a result, ther  a great deal of experience data on equipment from
past earthquakes andf 1 qualification testing. Equipment which has performed
well based on experience would not require seismic analysis or testing (if it could
be shown to be adequately anchored).

6. Thepresenceofprof  engineered anchorage is the most important single item
which affects the seis cserformance of equipment. There are numerous exam-
ples of equipment sli or overturning in earthquakes due to lack of anchorage

or inadequate icho
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For General Use and Important or Low Hazard facilities, the design or evaluation of
equipment or nonstructural elements supportec ithin a structure should be based on the
total lateral seismic force, Fp, &s given by the 1988 UBC provisions (Reference 10). For
Moderate or High Hazard facilities, the design or evaluation of these items should be based
on dynamic analysis, testing, or past earthquake exp ence data. in any case, equipment
items and nonstructural elements must be adequ anchored to their supports. Anchorage
must be verified for adequate strength and sufficient stiffness. In the remainder of this section,
the UBC lateral force provisions are reproduced nportant aspects of dynamic analyses are
introduced, the use of past esarthquake experience data is addressed, and guidance on
equipment anchorage is provided.

UBC lateral force provisions - By the 1988 UBC provi: ns, parts of structures, permanent
non-structural components, and equipment sup rted by a structure and their anchorages
and required bracing must be designed to resist seismic forces. Such elements should be
designed to resist a total lateral seismic force, F  of:

Fp = ZICpWp (@-2)

where: Wp = the weight of element or component

Cp = a horizontal force factor as given by Table 23-P of the UBC for rigid ele-
ments, or determined from the d Jic properties of the element and sup-
porting structure for non-rigid elements, as discussed in Section 4.4.4 (In the
absence of detailed analysis, the value of Cp, for a non-rigid element should
be taken as twice the value listed Table , but need not exceed 2.0).

The lateral force determined using Equatic  4-2 should be distributed in proportion to
the mass distribution of the element or component. Forces determined from Equation 4-2
should be used for the design or evaluation of elements or components and their connections
and anchorage 1o the structure, and for members and connections which transfer the forces
to the seismic-resisting systems. Forces should be applied in the horizontal directions which
result in the most critical loadings for design/ev.  ation.

Dynamic analysis principles - Guidelines for the design and analysis of equipment or non-
structural elements supported witl 1 a structure by dynamic analysis are given in Chapter €
of Reference 11 and in Reference 34. Elements ttached to the fioors, walls, or ceilings of a
bt Jing (e.g., mechanical equipment, ornamentation, piping, and nonstructural partitions)
respond to the motion of the building in much the same manner that the building responds to
the earthquake ground motion. However, the building motion may vary substantially from the
ground motion. The igh frequency componer of the ground motion are not amplified by
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this discussion as the transition wind speed. # exceedance probability is associated with
each transition w d speed. If the exceedance probability of the transition wind speed is less
than 10-S per year, tornadoes are not a viable 1 eat to the site, because straight winds are

L~

more likely

. Thus, from Figure 5-1, tornadoes sh

id no e considered at SLAC.
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Table 5-1 tabulates best estir  ite wind speeds from Reference 2 for each DOE site, along
with the transition windspeed. © ose sites with transition wind speed exceedanca probabilities
greater than 105 should be designed for tornadoes; others should be designed for extreme
winds or h ricanes.

TAE E 5-1
TYPES )F WIND FOR DES iN LOADS
Best-Estimatt  ind Speeds- mph1
Annual Hazard Transition Type of Wind for
DOE PROJECT SITES Excesedance Probability Wind Speed?2 | Design
103 | 104 | 105 | 106
Bendix Plant, MO a8 110 177 233 100 Tomado
Los Alamos National 93 107 12 136 140 Extreme
Scientific Laboratory, NM
Mound Laboratory, OH 90 108 171 27 104 Tornado
Pantey lant, TX 98 112 168 20 115 Tornado
Rocky Flats Plant, CO 138 181 183 208 -3 Both
Sandia National Laboratories, a3 107 12 135 139 Extreme
Albuguerque, NM
Sandia National Laboratories, Livermore, CA 98 113 131 150 - Extreme
Pinellas Plant, FL 130 150 174 | 204 181 Hurricane
Argonne National Laboratory—East, IL 72 118 178 28 77 Tornado
Argonne National Laboratory~West, ID 83 95 105 118 119 Extreme
Brookhaven National Laboratory, NY 88 100 127 179 1086 Tornado
Princeton Plasma Physics Laboratory, NuJ 80 83 135 182 20 Tornado
Idaho Nationai Engineering Laboratory, 10 84 95 108 115 117 Extreme
Feed Materials Production Center, OH 87 108 173 231 96 Tornado
1C_)r“ak Ridge National Laboratory, X-10, K-25,8  Y-12,] 80 90 152 210 o Tornado
Paducah Gaseous Diffusion Plant, KY 75 118 180 235 80 Tornado
Portsmouth Gaseous Diffusion Plant, OH 83 95 145 205 28 Tornado
Nevada Test Site, NV 87 100 110 124 131 Extreme
Hanford Project Site, WA 68 7 85 112 89 Extreme
Lawrence Berkeley Laboratory, CA 95 111 130 148 - Extreme
Lawrence Livermore National Laboratory, CA 96 113 131 150 - Extreme
Lawrence Livermore National Laboratory Site 300, CA{ 104 128 145 164 - Extreme
Energy Technology and Engineering Center, CA ga 68 s8 141 74 Tornado
Stanford Linear Accelerator Center, CA 95 112 130 149 158 Extreme
Savannah River Plant, SC 109 138 172 28 155 Tornado

NOTES:
1. Best-estimate wind speeds come from Reference 2.
2. Transition wind speed is at the intersection of the extreme wind hazard and the tornado hazard curves.

3. Whan transition wind speedisno i« | associated with a probability 'ess than 106,
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., TABLE 5-2
RELATIONSHIP BETWEEN TORNADO WIND SPEEDS AND
FASTEST-MILE WIND SPEEDS

Tornado Wind Fastest-Mile Wind
Speed, mph (Vy Speed, mph (Vim)
100 85
110 94
120 103
130 13
140 123
150 132
160 142
170 151
B 180 161
190 170
200 180
210 190
220 200
230 209
240 218
250 231
260° 241
270 250
280 260
290 a7
300 280

Vim = 0.958 V4 -11.34

For an overview of extr ! wind and tornado hazards, Reference 53 should be con-
sulted. Reference 54 provides g 3Jance on the design of str tures to wind and tornado
loads. These references supplement the material presented in this chapter.

. 5.2 CRITERIA FOR DESIGN OF FACILITIES

The criteria presented herei are consistent with the performance goals described in
Chapter 2 for each facility-use cate ry. Buildings or facilities in each category have a different
role and represent different leve  of hazard to people and the environment. In addition, the
degree of wind hazard varies geo aphically. Facilities in the same facility-use category, but
at different geographical locations, will have different criteria specified to achieve the same
performance goal.



i

The minimum wind design criteria for each of the four facility-use categories are sum-
marized in Table 5-3. The recommended basic wind speeds for extreme wind, hurricanes,

and tornadoes are contained in Table 5-4.

wind speeds are fastest-mile. Minimum

recommended basic wind speeds are noted in the table. The use of importance tactors in
evaluating effective velocity pressure is summarized in Table 5-5. Performance goals and their
implications are discussed for each of the categories.

-3

SUMMARY OF MINIMUM V \D DESIGN CRITERIA

General Use

Building Category
Annual Probability 2x10-2
of Exceedance
w
i Imponarpe 1.0
n Factor
d
Missgile Criteria
Annual Hazard
Probability 23105 2x10-5
of Exceedance
importance Factor” 1=10 1= 135
APC 40 psf @ 20 pst/sec 125 psf @ S0 psi/sec
t x4 timber plank 15 Ib @ 100} 2x4 timber plank 151b @ 150
") nph (horiz.); max. heightjmph (horiz.), max, height
r 150 ft; 70 mph (vert.) 200 ft; 100 mph (vert.)
n
a Missile Criteria }in. dia. std. steel pipe, 75]3 in. dia. std. steel pipe, 75
d b @ 50 mph (horiz.); max.|ib @ 75 mph (horiz.); max.
° wight 75 &t, 35 mph (vert) |height 100 ft, 50 mph (vert.)
3,000 Ib automobile @ 25
mph, rolls and tumbles

* See Tabie 5-5 for discussion of importance factors
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Terrain. suﬁounding the fac s should be classified as Exposure B, C, or D, as
appropriate. Gust response factors and velocity pressure exposure factors should be used
according to rules of the ANSI AS8.1-1982 procedures.

Wind pressures are caiculated on the walls and roofs of enclosed buildings by appro-
riate pressure coefficients specified in* 1 ANSI A58.1-1982 stand 4. Distinctions are made
ietween overall pressures on wall and roofs of enclosed buildings and »cal pressures at

wall corners, eaves, ridges, and roof corners. Local pressures are used for anchorage and
cladding design and should not be combined with overall pressures. Openings, either of
necessity or created by wind force or missiles, result in internal pressures that can increase
wind forcesoncompe nts dcl ding. The worst cases of combined internal and external
pressures should be considered juired by the ANSI standard.

Structures in the General Use category may be designed by either allowable stress
design (ASD) or strength desi J) as appropriate for the materi: used in construction.
oad combinations that produ most unfavorable effect should be determined. When
using ASD methods, the following load combinations should be considered (Reference 16):

(a) DL (alone)

(b) DL+ LL

(c) DL+ W

(d) 0.75(DL + W + LL)

where

DL = dead load
LL = live load
W = wind or tornado load

The reduction of ¢  1binations (¢) d (d) by 0.75 represents, in effect, a 33% increase in the
allowable stress. The provis | :ognizes that the probability of experiencing the load
combinations simultaneously iss  icantly less than one.

When using SD methods for concrete, the following load factors are recommended in
Reference 55:

(a) U=1.4DL + 1.7LL
() U=0.75(14DL + 1. L + 1.7W)
(¢) U=0.900L + 1.3W
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The SD method requires that the strength provided be greater than or equal to the strength
required to carry the factored loads. Appropriate strength reduction factors shall be applied
to the nominal strength calculated i accordance with Reference 55.

Strength design (SD) for steel constructic 1sed on Part 2 of the AISC specification
(Reference 45) calls for the following factored ic ombinations:

U=17(DL + LL)
U=130DL+LL+W)

Application of strength reduction factors in the s 3C procedure is not required in Reference
45,

5.2.2 Important or Low Hazard Facilities

important or Low Hazard facilities areequiv.  ntto essentialfacilities (Class ), as defined
in ANSI A58.1-1982. The structure’s main winc Jrce resisting structural systems shall not
collapse at design wind speeds. Complete integrity of the building envelope is not required
because no significant quantities of toxic or radio.  iive materials are present. However, breach
ofthe building envelope may notbe acceptableif 1d or water interfere with the facility function.
If water damage to sensitive equipment, collaps  interior partitions, or excessive damage to
HVAC ducts and equipment leads to loss of facility function, then loss of cladding and missile
perforation at the design wind speeds must be | avented.

An annual wind speed exceedance probability of 0.02 is specified, but the importance
factor for Important or Low Hazard category struct 2sis 1.07. For those sites located within
100 miles of the Gulf of Mexico or Atlantic coas 1es, a slightly higher importance factor (as
listed in Table 5-5) is used to account for hurricane winds.

Once the design wind speeds are established and the importance factors applied, the
determination of wind loads on important or L  Hazard category structures is identical to
that described for General Use category structur . Facilities in this category may be designed
by ASD or SD methods, as apprt riate, forthe nstruction material. The load combinations
described for Generi Use structures are the same for important or Low Hazard structures.
Greater attention should be paid to connectic and anchorages for main members and

* components, such that the integ y of the structure is maintained.
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5.2.3 Moderate Hazard Facilities |

The performance goal foi lerate Hazard facilities requires more rigorous criteria than
is provided by standards or m building codes. In some geographic regions, tornadoes
must be considered.

Extrc e Winds and Hurricanes

orthose siteswheretornad sarenota viable threat (see Table 5-1), the recommended
basic wind speed is based on an inual exceedance probability of 1x10-3. The importance
factoris 1.0. Forthosesitesloc ! vithin 100 miles of the Guif of Mexico or Atlantic coastlines,
a slightly higher importance fa ir is specified to account for hurricanes (see Table 5-5).

A minimum missile criteri i speci d to account for objects or debris at could be
picked up by extreme winds, hurricane winds, or weak tornadoes. A 2x4-in. timber plahk
weighing 15 ibs. is the specified n sile. its impact speed is 50 mph at a maximum height of
30 ft above ground level. Themiss will break glass; it will perforate sheet metal siding, wood
siding up to 3/4 in. thick, or forr 2 wrd. The missile could pass through a window or a weak
exterior wall and cause personal iury or . image to interior contents of a building. The
specified missile will not perforate unreinforced concrete masonry or brick veneer walls or
other more substantial walls.

Once the basic wind speeds are established and the importance factors applied,
determination of Moderate Hazard category wind loads is identical to that described for the
General Use category. Facilities in this category may be designed by ASD or SD methods,
as appropriate, for the material bei j used in construction. The load combinations described
for General Use structures are the same for the Moderate Hazard category. Greater attention
should be paid to connections and anchorages for main members and components, such
that the integrity of the structure is maintained.

Tornadoes

For those sites requiring ign for tornadoes (see Table 5-1), the critt  a is based on
site-specific studies as published in Reference 2. The basic wind: eed is associated with an
annual hazard probability of exceedance of 2x10-5. The wind speed obtained from the tornado
hazard model is converted to fastest-mile. The importance factor for the Moderate Hazard
category is 1.0.
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5.2.4 High Hazard Facilities

The performance goal can be achieved for this category if the main wind-force resisting
members do not ¢t apse, structural components do not fail, and the building envelope is not
breached at the design wind I ds. Loss of cladding, broken windows, collapsed doors, or
significant missile perforations s Il be prevented. Air flow through the building or water
damage cannot be tolerated.

Extreme Winds and Hu canes

For those sites which do not require specific design for tornado resistance, the rec-
ommended basicwind speedisb ed on an annual hazard exceedance probability of 1x104.
The importance factor is 1.0 as shown in Table 5-5. The wind speed is fastest-mile at an
anemometer height of 10 meters above ground level.

. The missile criteria is the s¢ e as for the Moderate | zard category, except that the
maximum height achieved by the ssile is 50 ft instead of 30 ft.

Tornadoes

For those sites requiring design for tornado resistance (see Table 5-1), the criteria is
based on site-specific studies : Jblished in Reference 2. Ye recommended basic wind
speed is associated with an an hazard probability of exceedance of 2x10-3 (same as the
Moderate Hazard category). The wind speed obtained from the tornado hazard model is
converted to fastest-mile. The in ortance factor for the High Hazard category is 1.35.

With the wind speed expressed as fastest-r ) and an importance factor of 1.35, the
equations in Table 4 of ANS| A58. 1982 should be used to obtain design wind pressures on
the structure. Exposure Category should always be used with tornado winds. The velocity
pressure exposure factor is obtained, as is the gust response factor, from appropriate tables
inthe ANSI standard. Pressure © icients for external, local, and internal pressures are used
to obtain tornado wind pressures on various parts of the structure. A distinction is made
between main wind-force resisting system and components and cladding in determining wind
pressures.

In addition to the tornado v  d loads, APC loads may need to be considered. If the
building is sealed to confine hazardous materials, the maximum APC pressure shall be 125
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6 FLOOD DESIGN AND EVALUATION GUIDELINES

6.1 FLOOD DESIGN OVERVIEW

The flood design and evi  ation guidelines seek to ensure that DOE facilities satisfy the
performance goals described in Chapter 2. The guidelines are applicable to new and existing
construction; however, in the eval tion of existing facilities, fewer design options may be
available to satisfy the performance goals. Table 6-1 shows guidelines recommended for each
facility category in terms of the haz  d input, hazard annual probability, design requirements,
and emergency operation plan requirements.

TABLE 6-1
FLOOD GUIDELINES SUMMARY
Faciiity Use Category
Flood Design General Use ) Important or Moderate Hazard High Hazard
Step Low Hazard
Flood Hazard Flood insurance studies  Fiood insurance studies | Site probabilistic haz- Site probabilistic haz-
Input of equivalent input and or equivalent input and | ard analysis and Tabie | ard analysis and Table
Table 8-2 combinations  Table 6-2 combinations 8-2 6-2
] combinations combinations
Hazard Annuai 2x10-3 Sx104 1x104 1x10°5
Probability
Structural UBC or applicable crite- C or applicabie crite- Flood hazard Flood hazard
Evaluation ria for roof and site drain ‘or rocf and site drain- analysis, strength analysig, strength
(Roofs, etc.) age, building load age, building lcad design design
factors, and design ‘actors, and design
criteria | criteria
Warning and | Required to evacuate on-| Required to evacuate on-| Required if buildings Required if buildings
Emergency site personnel if site is site personnel and to are below DBFL are below DBFL
Procedures below DBFL secure vuinerable areas if
L site is below DBFL level

Evaluation of the flood design for a facility consists of:

1. defining the DBFL,

2. evaluating site conditions (e.g., facility location, location of openings and door-
ways), and )

3. assessing flood design  ategies (e.g., build above DBFL levels, harden the
site).

Each of these areas is briefly desci ed in the following subsections.

6.1.1 DESIGN BASIS FLOOD (DBFL)
Use of the term DBFL shat | e understood to mean that muitiple flood hazards may

be included in the design. For exar )le, a site located along a river may have to consider the
potential for river flooding as well as the possible hazards associated with rainfalf that couid
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6.1.2 EVALUATION OF SITE CONDITIONS

The flood evaluation proces s illustrated below:

Identily Facility
Cateqory
Idensify
Sources of
Flooding Design Critenia:
Hamwd Arwwol
Preaetity
P. (see Table 6~-1)
Deterrnine Design "
Basis Flood For
Al Hazords 1
Hamerd Anciyeis
- hazord curve

(ssw Tabiea 6=1, 6-2) ]

Site /Faciity No
Locoted Above
0BFL Lovei?
}ﬁ
Seiect Altermative
Design Stateqy
i
_ 3
~~ Devetop
A Harden
.- Faciity Em-q-:y
o Sie Operation
- Plare
. J
L.
' No
S Are Dewgn
o Goale Met?
K
Yes

FIGURE 6-1. FLOOD EVALUATION PROCEDURE
The steps in the flood evaluation process include:

1. Determine the facility category (see Chapter 2).

2. From the results of a sit screening analysis or flood hazard study, identify the
sources of flooding at the facility.
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6.1.3 FLOOD DESIGN STRATEC :S

Thebasis forthefloodeve ation procedure is defined accordingto a hierarchy of design
strategies. They are:

1. Situate facilities above 2 DBFL level.

2 Harden a site or individual facility to withstand the effects of flood forces such that
the performance goals are satisfied.

3. Forthe DBFL, if adequ 3 warning is available, emergency operation plans can
be developed to safely evacuate « ployees and secure areas with hazardous,
mission-dependent, or valuable materials.

If a DOE facility is situated above 8 DBFL, the performance goals are readily satisfied. An
option to satisfy the performance goals is to harden a building or site against the effects of
floods such thatthe chanceofdz  Jeis acceptably low and to provide ¢ \ergency operation
plans. This dual strategy is secc  ry to siting facilities above the DBFL level because some
probability of damage does exist and facility operations may be interrupted.

Whether or notafacilityiss  ited above the DBFL should be assessed on the basis of
the critical flood elevation. Thec. il eleva in represents the flood level at which, if flooding
were to occur beyond this depth, the performance level specified as part of the performance
goals would be exceeded. Typic: ', the first floor elevation or a below-grade elevation (i.e.,
foundation level) is assumed to b the critical elevati 1. However, based on a review of a
facility, it may be determined that only greater flood depths would cause damage (e.g., critical
equipment or materials may beho ed above the first floor). The critical elevation will depend
on the flood hazard (e.g., hydrostatic, hydrodynamic lcads), the building structure, and the

facility category.
6.2 DOE FLOOD HAZARD ASSESSMENTS

_ While probabilistic hazard evaluations for seismic and wind phenomena have been
performed for all of the DOE sites, comparable evaluations for flood hazards have been per-
formed at only 9 of these sites. | d screening evaluations have been performed for eight
sites in the jurisdiction ofthe Albu  erque Operations Office (References 60-67). Also, a flood
hazard assessment has been performed for the Hanford Project Site (Reference 68). The
results of these evaluations have been summarized in Reference 3. An overview of flood
considerations is given in Reference 57.
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4. palechydrologic evaluation of floods, and

5. Bayesian techniques.
References 81-84 provide backgr nd on these methods. There is no general agreement in
the literature regarding the appro ateness of these methods to estimate the probability of
extreme floods. Each approach has its advantages and disadvantages and thus no single
technique is well-established.

In estimating the probak y« extreme floods it is important that uncertainty analysis be
performed. The uncertainty analysis should consider statistical uncertainty due to limited data
and the uncertainty in the flood evaluation models used (e.g., choice of different statistical
models, uncertainty in flood routin . Discussions of uncertainty assessments can be found
in References 59, 68, 78-80.

6.3 FLOOD DESIGN GUIDE!I ES FOR EACH FACILITY-USE CATEGORY

Unlike design strategies for seismic and wind hazards, it is not always possible to provide
margin in the )>od design of afa y. For example, the sim| 2 fact that a site is inundated
(forgetting for a mot  int the pc le structural damage that might occur), may cause sig-
nificant disruption (clean-up) an wntime at a facility; this may prove an unacceptable risk
in terms of economic impact and ¢ ruption of the mission-dependent function of the site. In
this case, there is no margin, as used in the structural sense, that can be provided in the facility
design. Therefore, the facility 1 1 be kept dry and operations must be unimpeded. As a
result, the annual probability of the 'BFL corresponds to the performance goal probability of
damage, since any exceedance of the DBFL resuits in consequences that exceed the per-
formance goal.

The DBFL for General Use and Important or Low Hazard facilities can generally be
estimated from available flood hazard assessment studies. T 'se include: the results of flood
screening studies, flood insurark analyses, or other comparable evaluations. For these
facility types, it is not necessary th: 1 full-scope hazard evaluation be performed, if the results
of other recent studies are availal and, if uncertainty in the hazard estimate is accounted
for.

For Mcderate and Hi  hazard facilities, a comprehensive flood hazard assessment
should be performed, uniess the resuits of the screening analysis (see Reference 58) dem-
onstrate that the performance goi  are satisfied.
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6.3.1 General Use Facllities

The performance gbal for General Use facilities specifies that occupant safety be
maintained and that the probability of severe structural damage be less than or about a 10-3
per year. For General Use facilities, the DBFL corresponds to the hazard ievel whose mean
annual probability of exceedance is 2x10-3, in addition, event combinations that must be
considered are listed in Table 6-2. ~

To meet the performance goal for this cat ory, two requirements must be met: (1) the
facility structural system must be capable of withstanding the forces associated with the DBFL
and (2) adequate flood wari g time must be available to ensure that building occupants can
be evacuated (1 to 2 hours, Reference 71). ff the facility is located above the DBFL, then
structural and occupant safety requirements are met.

For structural loads applied to roofs, e rior walls, etc., applicable building code
requirements (e.g., DOE 6430.1A, Uniform Building Code (UBC) References 9, 10) provide
standards for design that meet the performance goal for General Use facilities.

For existing construction, or at new sites ere the facility cannot be above the DBFL
level, an acceptable design can be achieved by:

1. Providing flood protection for the site or for specific General Use facilities, such
that severe structural damage does not occur, and

2. Developing emergency procedures order to secure facility contents above the
design flood elevations in order to limit damage to the building to within accept-
able levels and to provide adequate warning to building occupants.

6.3.2 important or Low Hazard Facilities

The performance goal for Important or ow Hazard facilities is to limit damage and
interruption of facility operations while alsom:  ining occupant safety. For these tacilities,
the DBFL is equal to the flood whose probat of exceedance is 5x10~4 per year plus the
event combinations listed in Table 6-2. The re 3 of flood insurance studies (Reference 69)
routinely report the flood level corresponding to the 2x1 03 probability level. For purposes of
establishing the DBFL for important or Low Hazard facilities, the results of these studies can
be extrapolated to obtain the flood with a probability of 5.0x10-4 of being exceeded (if this
result is not reported). A range of extrapoleé s should be considered, with a weighted
average b g used as the design basis.
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6.5 FLOOD RISK ASSESSMENT

In some cases the need may arise for D( “or the DOE site manager to perform a
gquantitative flood risk assessment. There may be a variety of reasons requiring a compre-
hensive risk evaluation of a site. These considerations include:

1.
2.
3.

4.

Demonstration that the performance goals are satisfied.
Evaluation of alternative design strateg s to meet the performance goals.

Detailed consideration of conditions at a site that may be complex, such as vi /-
ing hydraulic loads (e.g., scour, high v ity fiows), system interactions, second-
ary failures, or a potential for extraordi 'y health consequences.

AbL idingis otreasonably incorporated in the four facility categories.

A quantitative evaluation of the ik d tc »oding can be assessed by performing a
probabilistic safety analysis (I —.\). The objecti of & )jod PSA is to evaluate the risk of
damage to systems important for maintaining safety and operating a critical facility. Risk
calculations can be performed to evaluate the likelihood of damage to onsite systems and of
public health consequence. Procedures to perform PSAs are discussed in References 78-80,

85.
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APPENDIX A

CO'MMENTARY ON SEISMIC DESIGN AND ANALYSIS GUIDELINES

The overall approach employed for the seismic design and evaluation guidelines is
discussed in Section A.1. The basis for selection of recommended hazard exceedance
probabilities is described in Section A.2. Earthquake ground motion response spectra are
discussed in Section A.3. The basic attributes of equivalent static force methods and dynamic
analysis methods are described in Sections A.4 and A.5. Note that energy dissipation from
damping or inelastic behavior is implicitly accounted for by the code formulas in equivalent
static force methods. The means of accounting for energy absorption capacity of structures
in dynamic analyses are discussed in Section A.6. The basis for the specific seismic design
and evaluation guidelines including the inelastic demand-capacity ratios recommended for
usage in the design an eval ition of Moderate and High Hazard facilities is described in
Section A.7.

A.1 Basic Approach for Earthquake Design and Evaluation at Appropriate
Lateral Force Leveis

The performance ofa DOE fac ty subjected to a natural phenomena hazard (earthquake,
wind, or flood) depends not only on the level of hazard selected for design or evaluation, but
also on the degree of conservatism used in the design or evaluation process. For instance,
if one wishes to achieve less than about 104 annual probability of onset of loss of function,
this goal can be achieved by using conservative design or evaluation approaches for a natural
phenomena hazard which has a more frequent annual probability of exceedance (such as
10-3), or it can be achieved by using median centered design or evaluation approaches (i.e.,
not having any intentional conservative or unconservative bias) coupled with a 104 hazard
definition. Atleast forthe earthquake hazard, the former alternate has been the mosttraditional.
Conservative design or evaluation approaches are well established, extensively documented,
and commonly practiced. Median design or evaluation approaches are currently controversial,
not well understood, an  seldom practiced. Conservative design and evaluation approaches
are utilized for both conventional facilities (similar to DOE category - General Use Facilities)
and for nuclear power plants (equal to or more severe than DOE category - High Hazard
Facilities). For consistency with these ather uses, the approach in this report recommends
using conservative design and ev: 1ation procedures coupled with a hazard definition con-
sistent with these procedures.



B

ssssss

The performance goals for General Use a | important or Low Hazard facilities are
consistent with goals of conventional building codes for normal and important or essential
facilities, respectively. For seismic design and evaluation of facilities, conventional building
codes utilize equivalent static force methods except for very unusual or irregular facilities, for
which a dynamic analysis method is employed. The performance goals for Moderate an
High Hazard Facilities approach those used for nuclear power plants for which seismic design
and evaluation is accomplished by means of dynamic analysis methods. For these reasons,
the guidelines presented in this report recommend that lesser hazard facilities be evaluate
by methods corresponding closely to conventional building codes and higher hazard facilities
be evaluated by dynamic analyses.

The performance goals presented in Chapter 2 and the recommended hazard excee-
dance probabilities presented in Sections 4.2.2 and 4.2.3, are tabulated below for each
facility-use category.

Hazard Ratio of Hazard
Facility Performance Exceedance to Performance
Category Goal Probability Probability
Generai
Use 1x10-3 2x10-3 2
important or
Low Hazard 5x104 1x10°3 2
Moderate
Hazard 1x104 1x10-3 10
High
Hazard 1x10-5 2x104 20

As shown in the above table, the hazard exceedance probabilities and performance goal
exceedance probat ies recommended herein 2 different. These differences indicate that
conservatism must be introduced in the seismic behavior evaluation approach. In earthquake
evaluation, there are many places where conserve m can be introduced, including:

Maximum design/evaluation ground acceleration. ' -
Response spectra ampilification.

Damping.

Analysis methods.

Specification of material strengths.

Estimation of structural capacity.

Load factors.

importance factors.

Limits on inelastic behavior.
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of the appropriate tectonic structure or capabile fault closest to the site. The key point is that
this is a deterministic definition of the design SSE. Recent probabilistic hazard studies (e.g.,
Reference 49) 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 104. 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 mett or risk of early fatalities and latent cancer to the public.
Many studies have been conducte >n seismicrisk ofindividual 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 10-3 annual
probability of seismic induced core damage) when such plants are designed for SSE levels
with a mean annual frequency of exceedancs between 10-3 and 10-4 (References 17, 18, 19,
and 20).

With this comparative basis for other facilities, i ;judgedto be consistent and appropriate
to define the seismic hazard for DOE facilities as follows:

- Earthquake Hazard Annual
Category Exceedance Probability
. .
General Use 2103
important or Low Hazard 1x10~3
Moderate Hazard 1x10~3
High Hazard 2104

These hazard definitions are appropriate so long as the seismic design or evaluation of
the facility is conservatively perf ned for these hazards. The level of conservatism of the
evaluation for these hazards shc 1 increase as one goes from General Use to High Hazard
facilities. The conservatism associated with General Use and Important or Low Hazard
categories should be consistent with that contained in the UBC (Reference 10) or ATC-3
(Referencs 47) for normal or essential facilities, respectively. The level of conservatism in the
seismic evaluation for High Hazard facilities should approach that used for nuclear power
plants when the seismic hazard is designated as above. The criteria contained in this report
follow the philosophy of a gradual reduction in the annual exceedance probability of the hazard
coupled with a gradual increase in the conservatism of the evaluation procedure as one goes
from a General Use to a High Hazard facility. '



A3 Earthquake Ground Motion Response Spectra

Design/evaluation earthquake response spectra generally have the shape shown in
Figure 4-1. The design/evaluation spectrum shape is similar to that for an actual earthquake
except that peaks and valleys which occur with actual earthquake spectra are smoothed out.
Also, design/evaluation spectra typically include motions from several potential earthquakes
such that they are broader in frequency content than spectra computed for actual earthquake
ground motion. Such simplified spectral shapes are necessary in order to provide a practical
input for seismic analyses. Because design/evaluation spectra are smoothed and broadened
relative to actual earthquake spectra, a design/evaluation spectrum tends to be a conservative
representation of actual earthquake ampilification that might occur at a facility site.

Spectral amplication ‘pends ongly on ite conditions. For this reason, it would
generally be expected that response spectra to be used for the design or evaluation
ardous DOE facilities would be evaluated from site-specific gectechnical studies. There is a
very good discussion on the development of response spectra from site-specific studies and
other approaches in Reference 11. Alternatively, response spectra for DOE sites are available
for use from Reference 1. Reference 1 spectra were developed from general site conditions
and not from a site-specific geotechnical study. Additional approaches available for estimating
response spectra from general site conditions are escribed in References 25, 26, and 27.
Any of these methods is acceptable for estimating input design/evaluation response spectra.
Note that to meetthe performance goals in Chapter 2using the guidelines presented in Sections
4.2.2 and 4.2.3, median amplification reponse spectra should be used. Mean amplification
spectra are a conservative approximation of median spectra.

The C factor in the 1988 UBC base shear e«  ation (e.g., Equation 4-1) is approximately
equivalent to spectral ampilification for 5 percent damping, and the Z factor corresponds to
the maximum ground acceleration suct 1at ZC corresponds to a 5 percent damping earth-
quake response spectrum. For General Use and Important or Low Hazard facilities, earthquake
loading is evaluated from Equation 4-1 in accordance with UBC seismic provisions with the
exception that the ZC is determined from input design/evaluation response spectra as
described in Section 4.2.2. ZC as given by 1988 UBC provisions is plotted as a function of
natural period on Figure A-1. Also, Figure A-1int des a typical design/evaluation spectra.
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FIGURE A-1
COMPARISON OF 1988 UBC ZC WITH TYPICAL
DESIGN/EV: .UATION RESPONSE SPECTRUM

it is shown in Figure A-1 that an actual design evaluation spectrum differs significantly from
the code coefficients, ZC, only in 1e low natural period region (i.e., less than about 0.125
seconds). As a result, an adjustment must be made in the low period region in order to not
be unconservative when the desit /evaluation spectra are used along with other provisions
of the code. The required adjustment to the design/evaluation spectra is to require that for
fundamentai periods lower than the period at which the maximum spectral acceleration occurs,
ZC should be taken as the maximum spectral acceleration. This provision has the effect of
making the design/evaluation spectra as shown in Figure 4-1, have a shape similar to that for
ZC per the code provisions as shown in Figure A-1. In this manner, the recommended seismic
evaluation approach for General | e and Important or Low Hazard facili s closely follows
the 1988 UBC provisions whil tilizing seismic hazard data from site dependent studies.

In the design and evaluation guidelines presented in Section 4.2.3, for Moderate and
High Hazard facilities, design/evaluation spectra as shown in Figure 4-1, are used for dynamic
seismic analysis. Howaever, in accordance with Reference 11, for fundamental eriods lower
than the period at which the ma: num spectral acceleration occurs, spectral acceleration
should be taken as the maximum s ictral acceleration. For higher modes, the actual spectrum
at all natural periods should be used in accordance with recommendations from Reference
11.
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The basis for using the maximum spectral acceleration in the low period range by both
the Reference 10 and 11 approaches is twafold: (1) to avoid being unconservative when using
constant response reduction coefficients, Ry, or inelastic demand-capacity ratios, Fy;; and (2)
to account for the fact that stiff structures may not be as stiff as idealized in dynamic models.
Constant factors permit the elastically computed demand to exceed the capacity the same
amount at all periods. Studies of inelastic response spectra such as those by Riddell and
Newmark (Reference 50), indicate that the elastically computed demand cannot safely exceed
the capacity as much in the low period region as compared to larger periods. This means
that lower inelastic demand-capacity ratios must be used for low period response if the actual
spectra are used. Since constant demand-capacity factors are used herein, increased spectra
as showr | Figure 4-1, must be used in the w period response region. Ancther reason for

" using increased sp¢  al amplification at lo riods is to assure conservatism for € f

structures. .- Je to factors such as soil-structt ¢ on. 1se at ﬂexibility; and concrete
cracking, structures may not be as stiff as assumed. Thus, for stiff structures at natural periods
below that corresponding to maximum spectral amplification, greater spectral amplification
than that corresponding to the caiculated natura eriod from the actual spectra may be more
realistic. In addition, stiff structures which undergo inelastic behavior during earthquake
ground mation soften (i.e., effectively respond at increased natural period) such that seismic
response may be driven into regions of increased dynamic amplification compared to elastic
response.

A4 Static Force Method of Seismic An: ysis

Seismic codes are based on a method that permits earthquake behavior of facilities to
be translated into a relatively simple set of formulas. From these formulas, equivalent static -
seismic loads that may affect a facility can be approximated to provide a basis for design or
evaluation. Equivalent static force methods apply only to relatively simple structures with nearly
regular, symmetrical geometry and essentially rm mass and stiffness distribution. More
complex structures require a more rigorous approach to determine the distribution of seismic
forces throughout the structure, as described in Section A.5.

Key elements of equivalent static force seismic evaluation methods are formulas which
provide (1) total base shear; (2) fundamental pe »d of vibration; and (3) distribution of seismic
forces with height of the structure. These formr as are based on the response of structures
with regular distribution of mass and stiffness over height in the fundamental mode of vibration.
The 1988 UBC provisions (Reference 10) include, in their equation for total base shear, terms
corresponding to maximum ground acceleration, spectral ampilification as a function of natural
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damped spectra be used for all General Use and Important or Low Hazard facilities to be
consistent with building code evaluation methods. The spectral ampilification factor in con-
ventional building codes is based upon 5 percent damped spectral amplification.

Inelastic Behavior - Energy absorption in the in istic range of response of structures and
equipment to earthquake motions can be very significant. Figure A-2 shows that large hys-
teretic energy absorption can occur for even structural systems with relatively low ductility
such as concrete shear walls or steel braced frames.
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a. Shear force-distortion for 1 ncrete wall test (Ref.51) R

H (ton)

b. Lateral force-displacement for steel braced frame (Ref.52)

FIGURE A-2 CYCLIC LOAD-DEFLECTION BEHAVIOR OF
CONCRETE SHEAR WALLS A! ' STEEL BRACED FRAMES
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The inelastic demand-capacity ratios frc Equation (A-7) are based on the structural
systems for which reduction coefficients, Ry, are given in the 1988 UBC provisions. These
provisions give different reduction coefficients for bearing wall systems and for building frame
systems in which gravity loads are carried by different structural members than the lateral force
resisting system. In addition, the 1988 UBC rovisions distinguish between di rent levels of
detailing for moment resisting space framés, between eccentric and concentric braced frames,
and between single and dual lateral load resisting systems. Consequently, Equation (A-7)
results in more inelastic demand-capacity ratios than Reference 11, which does not make the
above distinctions. On the other hand, DOD provisions give different inelastic demand-
capacity ratios for individual members of { ! lateral load-resisting system, while 1988 UBC
reduction coefficients refer to all members of the lateral load resisting system.

ingene _e 0 athe _1city ratios
from Reference 11 and those computed from Equations (A-7). For example, the DOD inelastic
demand-capacity ratio for concrete shear wi s is between the values for bearing and non-
bearing walls from the equations. The DOD values are much lower than the values computed
when shear walls act as a dual system with ductile moment resisting space frames to resist
seismic loads. The inelastic demand-capacity ratios for braced frames agree fairly well in the
case where the bracing carries no gravity loads. When bracing carries gravity loads, values
for steel braced frames are in good agreement, but based on Equation (A-7), no inelastic
behavior would be permitted for concrete braced frames or wood trusses. The DOD inelastic
demand-capacity ratio for beams in a ductile moment resisting frame fall between values from
the equations for special and intermediaten ment resisting space frames (SMRSF and IMRSF
as defined in Reference 10). However, the DOD values for columns are low compared to
values derived from the code reduction coefficients.

Based upon the data presented in Table A-1, the inelastic demand-capacity ratios for
seismic design and analysis of Moderate and High Hazard faciiities presented in Table 4-2
have been selected. Because of the reasonable agreement with the DOD values from Ref-
erence 11 combined with the capability to « itinguish between a greater number of structural
systems, the values derived from Equation \-7) have been given somewhat more weight for
Table 4-2 than Reference 11 values. Thec /major exception is that Reference 11 values for
¢t 1mns have been utilized. Increased conservatism for columns as recommended | the
DOD manual isretained. In addition, Reference 11 provides slightly different values for different
members making up braced frames, and1 se differences are retained.
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