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DOE requires today for seismic design criteria for new facilities. The app
review the seismic capacity of equipment and distribution systems includes sop
or qualification testing that can be very time consuming, complex, and costly. This Pro

designed to be a cost-effective method of enhancing the seismic safety of facilities by emphasizing
the use of facility walkdowns and engineering judgment based on seismic experience data.

]

The DOE Seismic Evaluation Procedure is adapted from Part II of Revision 2 of the Seismic
Qualification Utility Group (SQUG) Generic Implementation Procedure (GIP) (Ref. 1) used by the
nuclear power industry. The SQUG GIP provided a procedure for resolving a U.S. Nuclear
Regulatory Commission (NRC) unresolved safety issue through the use of experience and generic
test data of equipment in industrial facilities subjected to strong motion seismic events. With a
Safety Evaluation Report (Ref. 2), the NRC approved the program implemented by the SQUG GIP.

The DOE Seismic Evaluation Procedure builds on the procedures and screening criteria in the
SQUG GIP by incorporating DOE-specific requirements and guidance and broadening the
application of the experience-based methodology to equipment classes not contained in the SQUG
GIP. The DOE Procedure has information from DOE Orders and Standards, DOE state-of-the-
practice manuals for seismic upgrades of equipment, the Seismic Evaluation Procedure (SEP-6)
used at the Savannah River Site (Ref. 3), and other documents from DOE sites that discuss
experience-based methodologies and guidelines. The scope of equipment covered in the DOE
Procedure includes classes of equipment from the SQUG GIP, such as batteries on racks, motor
control centers, switchgear, valves, pumps, motor generators, tanks, cable and conduit raceway
systems, and relays. In addition, the DOE Procedure includes guidelines for evaluating the seismic
adequacy of piping systems, HVAC ducts, glove boxes, unreinforced masonry (URM) walls, and
other classes of equipment in DOE facilities. The provisions of the DOE Procedure have been
subjected to independent technical reviews as discussed in Section 1.4.2 and a letter that provides a
summary of the reviews is attached at the end of the Foreword.

This report is divided into five parts in order to identify the relationships of the DOE procedure with
the SQUG GIP. Part I is titled the General Approach for DOE Seismic Evaluation Procedure and
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FOREWORD

Use of the DOE Seismic Evaluation Procedure

The guidance provided in the DOE Seismic Evaluation Procedure must be used with the
appropriate training and judgment as discussed throughout the Procedure. Before applying the
methodology in this Procedure, the reference material for the SQUG GIP should be carefully
studied. The methodology 1s not a “cookbook™ approach because it requires an extensive use of
Jjudgment and a thorough understanding of the basis for the methodology. If differences are not
marked appropriately in the sections of the DOE Seismic Evaluation Procedure which are taken
directly or modified from the SQUG GIP, then the corresponding information in the SQUG GIP
shouid be followed.

Engineqrs who use the DOE Seismic Evaluation Procedure are responsible for its appropriate
application, their level of training, and their use of judgment. The developers of the Procedure
assume no responsibility for specific applications of the methodology.

ant component of seismic evaluations of equipment and
i io1 described in the DOE Seismic
ring jll(i ment. This type of judgment
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Throughout the DOE Seismic Evaluation Procedure, nuclear power plant and NRC-specific
requirements and commitments from the SQUG GIP were removed and replaced with DOE facility
information. Several of the sections in the DOE Seismic Evaluation Procedure reflect DOE
guidance and standards and are considerably different than equivalent sections in the SQUG GIP.
These sections have generic changes in order to integrate the experience-based methodology with
DOE Orders and Standards. Portions of Chapters 1 and 3 on the DOE use of experience-based
criteria, Chapter 4 on the Seismic Equipment List, Chapter 5 on comparing seismic capacity to
demand, and Chapter 7 on seismic interaction were modified to reflect DOE provisions.

March 1997 xi




The DOE Seismic Evaluation Procedure has three major adaptations for non-reactor applications:

. In the SQUG GIP, the "40-foot rule" permits the use of the Bounding Spectrum to define the
capacity for equipment with fundamental frequencies greater than about 8 Hertz and mounted
within 40 feet above effective grade. The Bounding Spectrum has a generic deamplification
of 1.5 as compared to the Reference Spectrum and is a simplified way for reducing the
experience-based capacity to account for in-structure amplification. Since the "40-foot rule”
was developed for nuclear power plants with massive and stiff shear wall structures that are
not the typical structural types at DOE facilities, the DOE Seismic Evaluation Procedure does
not have the "40-foot rule" or the Bounding Spectrum. Instead, the DOE approach uses the
Reference Spectrum to define equipment capacity and to compare with in-structure response
spectra developed at equipment locations.

. The DOE Seismic Evaluation Procedure has equipment classes that are not in the SQUG
GIP. Chapter 10 on equipment class evaluations using screening procedures and general
guidelines contains the additional equipment classes. Further information on the classes of
equipment in Chapter 10 is provided in Sections 2.1.3.4 and 2.1.3.4.4.

. The relay r‘eview f10r DOE facilities contained in Chapter 11 focuses primarily on identifying
low ruggedness relays and comparing seismic capacity to demand. The detailed procedure
z‘glxlgnnls. required Ior relay Tunctionality reviews in nuclear power plants 1s not included in the
DOE Seismic Evaluation Procedure.
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Relationship of Sections in the DOE Seismic Evaluation Procedure
and the SQUG GIP

Section in Mod. | Section(s) from the SQUG GIP
DOE Seismic
Evaluation
Procedure
1.3 Section 1.2
2.1 Sections 1.3, 3.3, 4.0, 4.2, 4.3, 4.4 and 4.5
2.3 Appendices E and F
3.1 Section 2.0
3.2 Section 2.4
3.3 Sections 2.2, 2.3, and 2.5
5.3 Section 4.2
5.4 Section 4.2
6. Section 4.4 and Appendix C
7.1 Section D.1
7.2 Sections D.2, D.3, D4, and D.6
7.5 Section D.5
8.1.1 * Section B.15
8.1.2 * Section B.1
8.1.3 * Section B.2
8.1.4 * Section B.3
8.1.5 * Section B.14
8.1.6 * Section B.4
8.1.7 * Section B.16
8.1.8 * Section B.20
8.1.9 * Section B.18
8.1.10 * Section B.19
8.2.1 * Section B.7
8.2.2 * Section B.&
8.2.3 ® Section B.5
8.2.4 * Section B.6
8.2.5 * Section B.11
8.2.6 * Section B.12
8.2.7 * Section B.13
8.2.8 * Section B.17
8.2.9 * Section B.10
8.2.10 * Section B.9
9.1.1 * Sections 7.2, 7.3, 7.5, and 7.6
9.1.2 * Sections 7.2, 7.4, 7.5, and 7.6
9.2.1 * Sections 8.0, 8.2, 8.3, 8.4, and 8.5
11.2 Section 6.4
11.3 Section 6.4
11.4 Section 6.5
11.5 Section 6.6
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Relationship of Sections in the DOE Seismic Evaluation Procedure
and the SQUG GIP (Continued)

Section in Mod. | Section(s) from the SQUG GIP
DOE Seismic
Evaluation
Procedure
R 12.1 Section 5.0
12.2 Section 5.2
12.3 Section 5.3
12.4 Section 5.4
13.1 Section 9.0
13.2 Appendix G
13.3 Section 4.6
13.4 Section 9.4
14. Section 10

Acronyms Used in the DOE Seismic Evaluation Procedure
AF in-cabinet Amplification Factor

DBE Design Basis Earthquake

DOE United States Department of Energy

EPRI Electric Power Research Institute

ESER  Equipment Seismic Evaluation Report

Fep Experience Data Factor

GERS  Generic Equipment Ruggedness Spectrum

GIP Generic Implementation Procedure
IDS In-cabinet Demand Spectrum

IRS In-structure Response Spectrum
LANI Los Alamos Nationai Laboratory

NL.  Lawrence Livermore National Laboratory

NEHRP National Earthquake Hazards Reduction Program
NRC Nuclear Regulatory Commission
OSES  Outlier Seismic Evaluation Sheets

all Allowable pullout capacity of installed anchors



PC Performance Category
Sa, Spectral acceleration at frequency £,
SAR Safety Analysis Report
SCE Seismic Capability Engineer
: SDS Seismic Demand Spectrum
i SEDS  Screening Evaluation and Data Sheets
SEL Seismic Equipment List
SEWS  Screening Evaluation Work Sheets
SF Scale Factor
SQUG  Seismic Qualification Utility Group
SRS Savannah River Site
SRT Seismic Review Team
SSC Structure, Systems, and Component
SSRAP  Senior Seismic Review and Advisory Panel
STD Standard
UBC Uniform Building Code
USI Unresolved Safety Issue
Vi Allowable shear capacity of installed anchors

ZPA Zero Period Acceleration
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14 March 1997

Dr. Robert C. Murray

Geologic and Atmospheric Hazards Project, L-224

Lawrence Livermore National Laboratory

Livermore, CA 94550

SUBJECT: Review of DOE Seismic Evaluation Procedure

The DOE Seismic Evaluation Procedure (SEP), whose final version is dated
November 11, 1996 (and including a series of revisions made through early
March, 1997), has been reviewed by the team of reviewers that you constituted
specially for this purpose. The team includes Robert J. Budnitz, Robert P.
Kennedy, and Loring A. Wyllie Jr. The expertise of the team covers the disci-
plines of systems analysis and regulatory issues (Budnitz), and seismic and
structural engineering (Kennedy and Wyllie). Although all three team mem-
bers examined the whole report, the individual team reviewers concentrated
their efforts in their fields of expertise.

Prellmlnary draf ts ot the bbl’ were rev1ewed over the past year, at a meetlng

'
A
1

was reviewed at a meeting that took place on November 22, 1996 at Palo Alto,
CA. All three members of the review team were present, along with the
principal authors, Stanley C. Sommer and Robert C. Murray of LLNL.
Comments from that meeting were then incorporated into the fm‘lversrn
which has since been forwarded t6 our team and with which we concur. This
means that all of our technical concerns with previous drafts have now been
reselved

1) We strongly endorse the use of the SEP procedures by DOE for seismic
evaluations of existing facilities.

2) The basis for much of the SEP is the SQUG (Seismic Qualification Utility
Group) seismic-review procedures developed for nuclear power plants and
endorsed by the NRC, with heavy multi-year involvement by an independent
review body, the Senior Seismic Review and Advisory Panel (SSRAP) and by
an initiallyskeptical NRC. However, the scope of the SQUG guidance does
not cover all of the safety-relevant equipment in DOE facilities,so DOE has
developed several extensions to evaluate additional equipment categories. We
believe that these extensions, that allow experience-based evaluation by rules
in lieu of rigorous anaiysis or testing, are the single most cost-effective way to
maximize the seismic-saf ety benefits achieved for any given cost expenditure.
anrcu)rc we strongly support the extensions in the SEP to the additional
ri -0nta1ﬁed in the current document.

—
o <
$ c,
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However, it must be recognized that these extensions have not undergone the
same degree of review and consensus-building as the SQUG procedures for
nuclear power plants, which involved a multi-year, very costly process. We
believe it important to point out that the DOE extensions have been reviewed
by two of the five original SSRAP members (Kennedy and Wyllie) but the
level of review has been much less than they expended on the SQUG
procedures. Also, no regulatory body has been involved here that is
comparable to NRC. While we are not convinced that such a costly and in-
depth review is necessary, it is important to note that the pedigree of the
DOE extensions is not similar to that of the SQUG procedures.

3) We also support the cautious extension of these experience-based seismic
evaluation methods to the design and evaluation of new equipment, if the
areas of application are carefully selected. In fact, we believe that this
approach can be at least as effective, and in some important areas can be an
improvement over NRC’s Standard Review Plan sections for many categories
of equipment. Decsigning new f{acilitics for improved earthquake performance
can best be achieved by providing sufficient anchorage, bracing, and ductile
details rather than through principal reliance on extensive and expensive
dynamic analysis.

The three of us wish to thank you for the opportunity to have participated in
reviewing this important project. With warmest regards,

ot 7

Robert J. Budnitz
Future Resources Associates Inc.

Plils

Robert P. Kehnedy
RPK Structural Mechanics Consulting

Loring Al Wyllje Jr. (4
Degenkolb Engineers



1. INTRODUCTION
1.1  PURPOSE OF THE DOE SEISMIC EVALUATION PROCEDURE

U.S. Department of Energy (DOE) facilities need to have adequate measures for protection of
public health and safety, for on-site worker life safety, for protection of the environment, and for
investment protection in the event of natural phenomena hazards, specifically earthquakes. Due to
the evolutionary nature of design and operating requirements as well as developments in
engineering technology, DOE facilities embody a broad spectrum of design features for earthquake
resistance. These features depend on factors such as vintage of the facility design and construction
and hardware supplier practices at the time of design and construction. The earliest-vintage
facilities often have the least design consideration for seismic and potentially exhibit the greatest
difference between their design basis and what DOE requires today for seismic design criteria for
new facilities.

Seismic evaluations of essential systems and equipment at many DOE facilities will be conducted
over the next several years. For many of these systems and components, few, if any, seismic
requirements applied to the original design, procurement, instailation, and maintenance process and
therefore, the evaluation of the seismic adequacy of existing systems and components presents a
difficuit challenge. The purpose of this Seismic Evaluation Procedure is to summarize a technical
approach and provide generic procedures and documentation requirements that can be used at DOE

o A ~sralos o alo . A A~ m Ty Lo

facilities to evaluate the seismic adequacy of mechanical and electrical equipment.
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lu ek First, DOE Orders and Standards that address natural phenomena hazard:

. S

are discussed since a purpose of the DOE Seismic Evaluation Procedure is to provide a procedure
hat satisfies the requirements of these Orders and their supporting standards. Second, a
methodology that was developed for older nuclear power plants to satisfy safety issues raised in
the late 1970s is discussed. This methodology or procedure is based on seismic experience data
and screening evaluations. The nuclear power industry concluded that the methodology was the
most viable option to resolve safety issues as compared with testing or analysis. Testing or
analysis were often not viable due to problems of removal, decontamination, shipment of
equipment for testing, access, and potential damage from in-situ testing. Next, the extension to
DOE facilities of the procedure developed for nuclear power plants is discussed. Applications at
nuclear power plants and DOE facilities have demonstrated that a seismic evaluation using the
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-



methodology based on experience data is the only viable option for many systems and
components. Finally, the license which regulates the use of background material for the DOE
Seismic Evaluation Procedure is discussed.

1.2 DOE ORDERS AND STANDARDS

The DOE Seismic Evaluation Procedure is intended to comply with DOE Policy, Orders, and
Standards on natural hazards mitigation which allow for the seismic evaluation of systems and
components by analysis, testing, or the use of earthquake experience data. These include DOE
Order 420.1, "Facility Safety” (Ref. 5), and its Implementation Guide; a rule currently under
development; and supporting Standards. The two supporting Standards most relevant to this

procedure are DOE-STD-1020, "Natural Phenomena Hazards Design and Evaluation Criteria for
Department of Energy Facilities” (Ref. 6) (see Section 2.4.1 of DOE-STD-1020) and DOE-STD-
1021, "Natural Phenomena Hazard Performance Categorization Guidelines for Structure, Systems,

and Components” (Ref. 7). DOE Order 420.1 is a replacement order for DOE Order 5480.28,
"Natural Phenomena Hazards Mitigation” (Ref. 8).

DOE Orders and Standards for natural phenomena hazards mitigation are closely linked to those for
safety analysis. DOE Order 5480.23 (Ref. 9) requires that safety analyses be performed that

E nuclear facility's safety basis and that the analyses be
). To assist in preparing a SAR, DOE-STD-1027

ide guidance on hazard categorization and SAR
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The NRC initiated Unresolved Safety Issue (USI) A-46, "Seismic Qualification of Equipment in
Operating Plants" (Ref. 13) in December of 1980, to address the concern that a number of older
operating nuclear power plants contained equipment which may not have been qualified to meet
newer, more rigorous seismic design criteria. Much of the equipment in these operating plants was
installed when design requirements, seismic analyses, and documentation were less formal than the
rigorous practices currently being used to build and license nuclear power plants. However, it was
realized that it would not be practical or cost-effective to develop the documentation for seismic

I Based on Section 1.2 of S



qualification or requalification of safety-related equipment using procedures applicable to modern
plants. Therefore, the objective of USI A-46 was to develop alternative methods and acceptance
criteria that could be used to verify the seismic adequacy of essential mechanical and electrical
equipment in operating nuclear power plants. The NRC pursued several options for the resolution
of USI A-46, including use of shake table testing, in-situ testing, deterministic and probabilistic
analytical methods, and seismic experience data. Most options proved not to be viable because of
the unavailability of older model components for testing, the high costs of component
replacements, and complications of testing radiologically contaminated equipment. The NRC
concluded that the use of experience data could provide a reasonable alternative for resolution of
USI A-46.
In early 1982, the Seismic Qualification Utility Group (SQUG) was formed for the purpose of
collecting seismic experience data as a cost-effective means of verifying the seismic adequacy of
equipment in operating plants. One source of experience data was the numerous non-nuclear
power plants and industrial facilities which had experienced major earthquakes. These facilities
contained industrial grade equipment similar to that used in nuciear power plants. Another source
of seismic experience data was shake table tests that had been performed since the mid 1970's to
qualify safety-related equipment for licensing of nuclear piants. To use these sources of seismic
experience data, SQUG and the Electric Power Research Institute (EPRI) collected and organized
this information and developed guidelines and criteria for its use. The guidelines and criteria
provided the generic means for applying experience data to verify the seismic adequacy of
mechanical and electrical equipment required to be used in a nuclear i
arthquake (SSE). Accordi 1
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GIP (also referred to as the Industry GIP) with a generic safety evaluation report (Ref. 2). There
were a few exceptions that have since been resolved and are being incorporated into Revision 3 of
the SQUG GIP (Ref. 4). The SQUG GIP consists of four sets of criteria:

1) the experience-based capacity spectrum must bound the plant seismic demand spectrum,

2) the equipment item must be reviewed against certain inclusion rules and caveats,

3) the component anchorage must be evaluated, and

4) any potentially significant seismic systems interaction concerns that may adversely affect
component safe shutdown function must be addressed.

W



These SQUG criteria are in the form of screening evaluation guidelines. Items not passing the
screen, called outliers, are not necessarily inadequate, but other seismic engineering methods must
be used to further evaluate these items.

The screening evaluation adopted in the SQUG GIP is generally a conservative and rapid appraisal
process that is used during a facility walkdown to verify acceptability or identify outliers by review
of key physical attributes. A model of the screening evaluation process is shown in Figure 1.3-1.
Items passing the screen are verified as acceptable and may be documented as such, or can be
selected for a bounding sample analysis to validate the evaluation results. Items not passing the
screen are not verified and are formally designated as outliers, which must be subject to more
detailed review or upgrade before being accepted. The SQUG GIP screening evaluation process is
performed primarily during in-plant walkdowns and for a limited set of equipment, or Safe
Shutdown Equipment List (SSEL), required to bring a plant to hot shutdown and maintain it there
for 72 hours. Prior to a screening evaluation, a systems review is conducted to assess the minimal
and prioritized scope of equipment for the evaluation.
Resuits of the v&:ork in coimpiiing earthquake experience data by SQUG found the following:
(1) conventional power plant and 1ndustrial 1acilify equipment are generally stmilar to that found in
older, operating nuclear power plants and, (2) equipment, when properly anchored, will generally
perform well in earthquakes at levels of shaking in excess of the SSE for many nuclear power
QUG, EPRI, and SSR ped the caveats and inclusion rules that heip to ensure
ment when using the experience-based methodology.
an item of equipment is sufficiently similar to
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the event of a SSE. asses of electrical and mechanical equipment
cable trays and conduit systems, relays, anchorage, tanks and heat exchangers. For each type of
component, the seismic evaluation methodology provides experience data that documents the
performance of systems and components that have been subjected to earthquake motion. The data
includes components in commercial and industrial facilities that were in the strong motion regions
of major earthquakes. SQUG and EPRI have developed a seismic experience data base that
includes the response of systems and components in about 100 (typically non-reactor) facilities
located in areas of strong ground motion from 20 earthquakes. The earthquakes have Richter
magnitudes in the range of 5.2 to 8.1, have peak ground accelerations from 0.10g to 0.85g, and
have about 3 to 50 second durations. Soil conditions, building structure types, and location of
equipment vary considerably within the data base.
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anchors, and cast-in-place J-hooks.
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1.4  USE OF SEISMIC EXPERIENCE DATA IN DOE FACILITIES

1.4.1 DOE Existing Facilities Program

A DOE Existing Facilities Program was implemented for the development of seismic evaluation
guidelines for systems and components at existing facilities. A Program Plan (Ref. 20) for the
Existing Facilities Program maximizes the use of past experience in conjunction with a walkdown
screening evaluation process in order to meet the policy of applicable DOE Orders and Standards.
The process of evaluating existing DOE facilities for the effects of natural phenomena hazards was

patterned after the SQUG program for commercial nuclear power plants, which is discussed in

Section 1.3. As discussed in Section 1.5, the SQUG and EPRI reference documents, which

provide the basis for the use of experience data, are being used by DOE through a special

agreement between Lawrence Livermore National Laboratory (LLNL) and EPRI. The use of
seismic experience data, specifically the EPRI/ SQUG data, for DOE seismic evaluations was
recommended in a position paper (Ref. 21) authored by personnel from many DOE facilities. In
addition, a letter (Ref. 22) from Robert Kennedy, a member of SSRAP who has also been
invoived in the technical review of the DOE Seismic Evaluation Procedure, endorses the use of
experience-based seismic evaluations for equipment in existing DOE facilities.

A Walkthrough Screening Eva

d Guide (Ref. 23) was developed to assist in rapidiy
identifying major deficiencies ¢ ‘
i

s. The document was developed based on
after applying it to walkdowns at selected
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power plant and NRC-specific requirements from the SQUG GIP have been removed and an
attempt is made to reduce some of the repetition in the SQUG GIP and make the procedure less

cumbersome to use. Additional information on the differences of the DOE Seismic Evaluation
Procedure and the SQUG GIP is contained in the Foreword.

Since DOE facilities are not structurally equivalent to nuclear power plants, which are typically
stiff, shear wall structures, the approach in the SQUG GIP for comparing seismic capacity with
seismic demand has been modified for DOE usage. An assessment (Ref. 24) was done of the
performance goals that are achieved when seismic experience-based screening evaluation methods
are used. In contrast to the SQUG deterministic criteria, DOE facilities are required to demonstrate
the ability to achieve probabilistic performance goals. As discussed in Chapter 5, experience data
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factors are used to scale in-structure response spectra that are derived from the Design Basis
Earthquake (DBE) for a facility. The scaled in-structure spectra, or the Seismic Demand Spectrum
(SDS), are compared with experience-based capacity spectra.

DOE facility management and operations personnel have played an important role in the
development and review of the approach implemented by the DOE Seismic Evaluation Procedure.
A Steering Group of selected individuals from the DOE operating contractors have ensured that
appropriate priorities were established from the facility operations perspective. The Steering
Group is a five-member panel, which is nominated by DOE and its consultants, and is considered a

key element to the success of the overall approach presented in the DOE Seismic Evaluation
Procedure. The Steering Group has the primary responsibility of reviewing the DOE Seismic
Evaluation Procedure in conjunction with a check of technical content and potential impact to a site
from a cost, schedule, or operations standpoint. In addition, the Steering Group played a decisive
role in the selection of the technology transfer mechanisms for the facility evaluations. Members of
the Steering Group and appropriate support personnel have met reguiariy to discuss and decide on
issues affecting the procedures. Examples of issues for which the Steering Group provided a
decisive role toward final outcome include implementation procedures, documentation
requirements, scope of detailed system and component evaluation tools, peer review requirements,
anticipated level of effort for the reviews, and system prioritization guidelines for a facility. The
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primary charter of the technical reviews was to independently determine the adequacy of the
technical content of the screening evaluation guidelines, including the safety margins that result
from implementation of the criteria. For sections of the DOE Seismic Evaluation Procedure that are
identical or technically equivalent to corresponding sections in the SQUG GIP, the technical
aspects of these sections were reviewed as part of the SSRAP and other reviews of the SQUG GIP
as listed in Table 1.4-1. While the technical reviews of the DOE Seismic Evaluation Procedure
were modeled after SSRAP, the technical reviews of the DOE Procedure did not involve as many
reviewers as the review of the SQUG GIP and did not require formalized consensus building
between the DOE and the technical reviewers. Technical reviewers of the DOE Seismic Evaluation
Procedure, especially the technical consultants, have extensive experience in the evaluation of the
seismic adequacy of equipment and were members of SSRAP or were involved with the
development of the SQUG GIP. The emphasis of the technical review of the DOE Seismic
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Evaluation Procedure was the sections of the procedure that are different from the SQUG GIP and
there was special focus on Chapter 10, which contains classes of equipment that are not in the
SQUG GIP. The key technical consultants reviewing the DOE procedure included Robert
Budnitz, Robert Kennedy, and Loring Wyllie as members of the technical review committee.
These review efforts were supplemented by reviews by DOE staff and personnel at DOE sites,
especially SRS and LLNL, and several engineers from EQE International who had extensive
experience with the SQUG GIP.

In addition to the overall review of the DOE Seismic Evaluation Procedure, several sections of the
procedure, as listed in Table 1.4-1, received specialized or additional review and in some cases,
information about the reviews is referenced. The methodology in Reference 24, which is the basis
for Chapter 5, was reviewed by John Reed and Section 10.1.1 on piping was reviewed by Ed
Wais (Ref. 2 /) Section 10.4.1 on HVAC ducts is based on a procedure used at SRS (Ref. 28)
and this procedure has been subjected to independent technical review by DOE staff, personnel at
DOE sites, and technical consultants. Section 10.3.1 on underground tanks and Section 10.1.2 on
unaergrouna p1p1ng are based on a DOE report that was aevelopea at Brookhaven National
Laooratory (KCI 29 ) and has been reviewed oy DOE staff, personne1 at DOE sites, technical

consuitants, and the American Society of uvu nnglneers uynarmc Ana1y81s of Nuclear Structures
Committee. An ind ep ndent of S 10.5.1 on unreinforced masonry walls was
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Additional information for the development of the DOE Seismic Evaluation Procedure has come
from trial applications of the September 1995 Draft at the SRS, Rocky Flats Environmental
Technology Center (RFETC), the Los Alamos National Laboratory (LANL), the Stanford Linear
Accelerator Center (SLAC) and LLNL. Feedback from these applications of the DOE procedure
have been incorporated as appropriate.

The technical review of the DOE Seismic Evaluation Procedure and the endorsement of its use for
the DOE is summarized in a letter (Ref. 30) from a technical review committee consisting of Robert
Budnitz, Robert Kennedy, and Loring Wyllie. This letter is attached at the end of the Foreward
with the following three review comments:

(1) the use of the DOE Seismic Evaluation Procedure is endorsed for the seismic evaluations of

existing DOE facilities,

(2) the use of additional equipment categories beyond those in the SQUG GIP is supported for
the DOE Seismic Evaiunation Procedure, and

(3) the use of the DOE Seismic Evaluation Procedure for new equipment is supported with
caution.

It is intended that the DOE Seismic Evaluation Procedure will be revised and updated as
appropriate. As screening procedures are developed and reviewed for other classes of equipment,
Al . TNATY o :

these procedures can be added to the DOE procedure. Section 2.1.3.4 discusses some of the other
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A1.1). S
on licensing, the SQUG GIP, and site-specific topics. Portions of the SRS-developed SEP are
used in the DOE Seismic Evaluation Procedure.

=2
—

The SRS seismic evaluation program was judged to be a success with roughly 60% of the items
that were evaluated to be seismically adequate as-is. For the others, about 11% were resolved by
additional evaluation and the remainder were resolved by upgrade. The typical upgrades consisted
of anchorage enhancement and elimination of seismic interaction concerns by providing restraint or



removal of the interaction source. The use of the experience-based evaluation approach enabled
efficient identification of realistic seismic concerns at SRS. Maximum safety enhancement was
achieved with a reasonable engineering effort.

The seismic experience-based approach is currently being used at SRS to evaluate non-reactor
facilities. According to Reference 31, seismic qualification using experience data is a technical
necessity and is the most economically attractive of the options to qualify existing equipment at
SRS. At two SRS facilities, representative costs for seismic qualification using the methodology

in the SRS SEP-6 demonstrate costs are 70% lower than the costs for qualification using
conventional methods such as seismic testing or detailed engineering analyses.

Similar benefits from use of experience data were realized at the High Flux Isotope Reactor (HFIR)
at Oak Ridge National Laboratory. Prior to facility restart, seismic verification of essential systems
and components had to be demonstrated. Experience-based screening evaluations were used as a
key part of the seismic evaluation and upgrade program. Several items were determined to be
acceptable in their as-instalied configuration. Backfit modifications were instalied to increase
seismic adequacy as needed. This inciuded providing anchorage for some components, additional
restraint for items where deflection considerations governed capacity, and correction of potential
seismic systems interaction hazards.
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An important element of the development of the DOE Seismic Evaluation Procedure has been post-
earthquake investigations after significant earthquakes. Each significant earthquake provides
important lessons that reemphasize and provide new information about designing and retrofitting
equipment for strong seismic motion. Since a major component of the EPRI / SQUG methodology
is experience data, the data must be appropriately augmented and enhanced with information from
recent and significant earthquakes. In many cases, recent earthquakes have provided information
which emphasizes the procedures and screens already developed for the EPRI/ SQUG
methodology.

Post-earthquake investigations are vital to determine if any part of the methodology should be
modified or developed further. With each significant earthquake, the experience database will be



updated to reflect the results of post-earthquake investigations. Since the DOE Seismic Evaluation
Procedure contains classes of equipment and distribution systems that are not included in the
SQUG GIP, post-earthquake investigations sponsored by the DOE will focus on these classes of
equipment. As data is gathered on these classes of equipment, rigorous procedures for
determining equipment capacity can be developed based on the collected information.

Recent earthquakes have provided valuable information about the performance of equipment during
seismic strong motion. Details about the performance of industrial facilities and their associated
equipment during recent earthquakes are contained in many documents including References 33
and 34. Information in these references emphasizes the response of equipment similar to the types
of equipment included in the DOE Seismic Evaluation Procedure. Figures 1.4-1 to 1.4-9 show
examples of the performance of equipment, systems, and architectural features subjected to
relatively strong seismic motion during recent earthquakes that are similar to the classes of
equipment discussed in Chapters 8, 9, 10, and 11.

As appropriate, data from recent earthquakes can be incorporated into the DOE Seismic Evaluation
Procedure. In Section 12.2, a potential method for resolving outliers, or equipment that does not
meet the intent of the caveats in the DOE Seismic Evaluation Procedure, involves expanding the

.1 1 M . h IRPIE I Iy EU UPUPE I, S YL Y b A - gy | M . rm
earthquake experience database to include the equipment or specific features of the equipment. The
scope of the earthquake experience data documented in References 19 and 35 represents only
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Figure 1.4-1a

March 1997 i-13




Figure 1.4-1b

March 1997 1-14



Figure 1.4-2 On the roof of a six-story hospital, a plenum pulled loose from its
fan enclosure during the 1994 Northridge Earthquake.
(Reference 33)

2
8
S-
—
O
O
~)
[
1
——
un



1C
r

1sSm
rt

jor se
994

thquake was a ma
o

1ng an ear
o
(=4

Water spray follow
0

Figure 1.4-3

T~
8]
n

i
s

iping a

£3
Iir
11

.
i
.

.
-
1

a1

¥
L
P

a
.

~
U
.

Aalra A
AT, I\
101 11

a1

i
at threaded elbow joints o1 the vertical branches

-~
ael

kler heads. Damage to the
facilities caused these facilities to shut down following the

t several

kler pi

1re sprin

sprin

\o

-—



=

th sto

1X

a penthouse above the s

4-4

*

1

igure

F

e

8

L]

L]

1hn1s occurred durin

e

P |

floors below.

Earthquake. (Reference 33)

r~

—



Figure 1.4-5 As aresult of the pounding between the wings of a six-story
building during the 1994 Northridge Earthquake, a fan came off of
its support frame inside a penthouse. (Reference 33)
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Figure 1.4-6b
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Figure 1.4-7a This vertical, ﬂat—bottom tank expenenced the 199
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Shown is a ductwork trapeze that is partially collapsed. During
the 1995 Kobe Earthquake, one of the expansion anchors for the
threaded rod support pulled out of the reinforced concrete

ceiling. (Reference 34)
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1.5 DOE LICENSE FOR EPRI/ SQUG MATERIAL

An important step toward development of the comprehensive natural phenomena hazard evaluation
guidelines for systems and components at DOE facilities was obtaining the proprietary reference

- documents and procedures developed by SQUG and EPRI. This was a key element of the DOE
evaluation program because it allows DOE to take advantage of all the work performed to-date for
several classes of equipment at commercial nuclear reactors. The EPRI/ SQUG material is
arranged into six volumes and copies of the material have been distributed throughout the DOE.
Within the volumes there are twelve key reference reports (Ref. 35 and 40 to 50) that cover the
technical areas of 20 classes of equipment, anchorage, electrical raceways, relays, and tanks and
heat exchangers. A document which develops a methodology for assessment of nuclear power
plant seismic margin (Ret. 18) 1s also available to the DOE. In addition, the SQUG GIP is
contained in the volumes of material as a basis document for the DOE Seismic Evaluation
Procedure. There are several documents in the volumes that summarize the SSRAP and NRC
review of the EPRI / SQUG methodology (Ref. 2, 19, and 50) and provide additional information
for piping and ducting systems (Ref. 39 and 51 to 55).
The EPRI/ SQUG Seismic Assessment Material is available for use when performing seismic
evaluations of DOE facilities under a written licensing agreement between EPRI and LLNL.
Control and use of the EPRI / SQUG Material is by a procedure (Ref. 56) that applies to ail DOE
staff; Management and Operations (M&O) contractor staff; and subcontractors, who are currently
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2. SCREENING EVALUATION AND WALKDOWN PROCEDURE
2.1 APPROACH IN THE DOE SEISMIC EVALUATION PROCEDURE!
The approach used in the DOE Seismic Evaluation Procedure for evaluating the seismic adequacy
of equipment in DOE facilities is consistent with the intent of DOE Policy, Orders, and Standards.
It is also consistent with the approach in the SQUG GIP (Ref. 1) and the EPRI Scismic Margins
Assessment Program (Ref. 18). The four major steps used in the DOE procedure for the majority
of the equipment to be evaluated are listed below, along with the chapter(s) of the procedure where
thece cteng are covered in detail
i O OLVIJD QLW VU Y Wwiwvl 1l uwviliail
. Selection of Seismic Evaluation Personnel (Chapter 3)
o Determination of Seismic Equipment List (Chapter 4)
. Screening Evaluation and Walkdown

Capacity versus Demand (Chapter 5)

Anchorage (Chapter 6)

Seismic Interaction (Chapter 7)

Equipment Class Evaluations (Chapters 8, 9, and 10)

Relay Functionality (Chapter 11)
. Outlier Identification and Resolution (Chapter 12)

The suggested documentation for these reviews is discussed in each of the chapters and in Chapter
13. The remainder of this section summarizes the material covered in Chapters 3 through 13.

An important aspect of the methodology in the DOE Seismic Evaluation Procedure is the use of
judgment that results from appropriate training, extensive experience with walkdowns, and review
of the reference documents for the SQUG GIP. Guidance and discussion about the use of
engineering judgment are provided in References 18, 57, and 58 that discuss the assessment of
seismic margins for nuclear power plants. Since the level of expertise will differ with the seismic
evaluation personnel as discussed in the following section, it is vital that the personnel identify the
equipment that they do and do not have the adequate Ievel of expertise to evaluate and that they
evaluate only the equipment for which they have the appropriate experience. Engineers who use
the DOE Seismic Evaluation Procedure are responsible for its appropriate application, for their
level of training, and for their use of judgment. The developers of the Procedure assume no
responsibility for specific applications of the methodology.

2.1.1 Seismic Evaiuation Personnei?

Individuals from several engineering disciplines, their recommended minimum requirements or
qualifications, and their responsibilities for implementing this Seismic Evaluation Procedure are
Tt At a0 T S At A W T B F1Y Qb D Lacalimnmala and Qoratanmnc
descrioed 1n Lnapter 5. 10ese indaividuais inciuac. (1) Saicty rro1Cssionais and Oy SiCiild

T e e At e B o d el a i ciat i a B e i Qalarais Hatiieenent T ook
Englneer& wino l(lcnllly LIIC INCLIOUS 10 U1 t:qu1p 1ICIIL HNCCUCU 1 LT OCISILIC DUHUIPLICTHIL LAdL

I Based on Section 1.3 of SQUG GIP (Ref. 1)

2 Based on Section 1.3.1 of SQUG GIP (Ref. 1)
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2.1.2 Seismic Equipment List

The Seismic Equipment List (SEL) is described in Chapter 4. This list is typically developed by
Safety Professionals and Systems Engineers in consultation with Operations Personnel and other
engineers. Equipment listed on the SEL is evaluated by SCEs using the screening and walkdown
methodology of the Seismic Evaluation Procedure.

Screening guidelines are provided in the DOE Seismic Evaluation Procedure for evaluating the
seismic adequacy of most types of equipment which could be listed in the SEL. However, if an
item of equipment listed in the SEL is not covered by the screening guidelines, then it is identified
as an outlier and evaluated separately as discussed in Chapter 12.

2.1.3 Screening Evaluation and Walkdown3

The Screening Evaluation and Walkdown of equipment listed in the SEL is described in Chapters 5
through 11. The purpose of the Screening Evaluation and Walkdown is to screen out from further
consideration those items of equipment that pass certain generic, seismic adequacy criteria. The
screening evaluation is based heavily on the use of seismic experience data. If the equipment does
not pass the screens, other more refined or sophisticated methods for evaluating the seismic
adequacy of the equipment may be used as described in Chapter 12.

The procedure for performing the Screening Evaluation and Walkdown is depicted in Figure 2.1-1.
As shown in the figure, each of the following four seismic screening guidelines shouid be used to
evaluate the seismic adequacy of an item of equipment:

. Seismic Capacity Compared to Seismic Demand (Chapter 5) - The seismic capacity of the
equipment, based on earthquake experience data, generic seismic testing data, or equipment-
specific seismic qualification data, should be greater than the seismic demand imposed on the
equipment, system, or architectural feature

3 Based on Section 4.0 of SQUG GIP (Ref. 1)
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The evaluation of equipment against each of these four screening guideline
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own evaluations, calculations, and other supporting data. While equip

an interface with the Relay Functionality Review (Chapter 11) is appropriate:

Any cabinets containing essential relays, as determined by the relay review in Chapter 11,
should be evaluated for seismic adequacy using the guidelines contained in Chapter 8.

Apply a capacity reduction factor to expansion anchor bolts that secure cabinets containing
essential relays. This capacity reduction factor is discussed in Chapter 6.

Seismic interaction, including even mild bumping, is not allowed on cabinets containing
essential relays. This limitation is discussed in Chapters 7, 8, and 11.

In-cabinet amplification factors for cabinets containing essential relays are to be estimated by
the SCEs for use in the Relay Functionality Review.

It is suggested that items of equipment containing essential relays be identified prior to the
Screening Evaluation and Walkdown so that the above evaluations may be accomplished during the
Screening Evaluation and Walkdown.

2.1.3.1 Seismic Capacity Compared to Seismic Demand*

A screening guideline to be satisfied to evaluate the seismic adequacy of an item of equipment is to
confirm that the seismic capacity of the equipment is greater than or equal to the seismic demand
imposed on it. Chapter 5 addresses the comparison of seismic capacity to seismic demand for the
equipment classes discussed in Chapter 8. The seismic capacity of an item of equipment can be
compared to a seismic demand spectrum (SDS) defined in terms of an in-structure response
spectrum (IRS) with the applicable scale factors. In Chapter 9 and parts of Chapter 10, specific

methods for comparing seismic capacity to seismic demand are developed for several classes of
equipment. In addition, a comparison of seismic capacity to seismic demand is made in Chapier 6

for the anchorage of the equipment and in Chapter 11

P RSV o | IR I

for relays mounted in the equipment.
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amount of data was also collected from seismic qualification testin

data was used to establish a generic ruggedness level for various equipment ¢ s in the f
Generic Equipment Ruggedness Spectra (GERS). The development of the GERS and the
limitations on their use (caveats) are documented in Reference 40. Copies of the non-relay GERS
along with a summary of the caveats to be used with them are included in Chapter 8. SCEs should
review Reference 40 to understand the basis for the GERS. GERS can be used to represent the
seismic capacity of an item of equipment in a DOE facility when this equipment is determined to
have characteristics that are similar to the generic testing equipment class and meets the intent of the
caveats for that class of equipment as defined in Chapter 8. Use of the GERS for comparison to a
SDS is described in Chapter 5.

i
09

2.1.3.2 Anchorage Adequacy’

A screening guideline to be satisfied to evaluate the seismic adequacy of an item of equipment is to
confirm that the anchorage of the equipment is adequate. Lack of anchorage or inadequate
anchorage has been a significant cause of equipment failing to function properly during and
following past earthquakes.

The screening approach for evaluating the seismic adequacy of equipment anchorage is based upon
a combination of inspections, analyses, and engineering judgment. Inspections consist of
measurements and visual evaluations of the equipment and its anchorage, supplemented by use of
facility documentation and drawings. Analyses should be performed to compare the anchorage
capacity to the seismic loads (demand) imposed upon the anchorage. These analyses should be
done using the guidelines contained in Chapter 6. Engineering judgment is an important element in
the evaluation of equipment anchorage. Guidance for making judgments is inciuded, where
appropriate, in Chapter 6 and in the reference documents.

Section 6.4.1 contains methods for determining or estimating the natural frequency and damping of
many of the classes of equipment in Chapters 8, 9, and 10. Generic equipment characteristics are
provided for motor control centers, low-voltage switchgear, medium-voltage switchgear,
transformers, horizontal pumps, vertical pumps, air compressors, motor-generators, batteries on
FACKC < ¥ e =G - - - - 5 Hat ant rackac Aiitaiment cabhin
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due to proximity, structural failure and falling, and flexib ility of -_i_t-_ch_-d im@s "n;,l cabl.:s:
Guidelines for judging interaction effects when evaluating the seismic ad i
presented in Chapter 7.

It is the intent of the seismic interaction evaluation that real (i.e., credible and significant)
interaction hazards be identified and evaluated. The interaction evaluations described in Chapter 7
focus on areas of concern based on past earthquake experience. Systems and equipment that have
not been specifically designed for seismic loads should not be arbitrarily assumed to fail under
earthquake loads; instead, SCEs are expected to differentiate between likely and unlikely
interactions, using their judgment and past earthquake experience. In addition, system interaction
effects as defined in DOE-STD-1021 (Ref. 7) are also discussed in Chapter 7.

Note that special attention should be given to the seismic interaction of electrical cabinets containing
relays. If the relays in the electrical cabinets are essential (i.e., the relays should not chatter during
an earthquake), then any impact on the cabinet should be considered an unacceptable seismic
interaction and cause for identifying that item of equipment as an outlier. Guidance for evaluating
the consequences of relay chatter due to earthquake motions, including cabinet impact interactions,
are presented in Chapter 11 and Reference 45.

2.1.3.4 Equipment Class Evaluations’

A screening guideline to be satisfied to evaluate the seismic adequacy of an item of equipment is to
confirm that (1) the equipment characteristics are generally similar to the earthquake experience
equipment class or the generic seismic testing equipment class and (2) the equipment meets the
intent of the specific caveats, procedures, or guidelines for the equipment class.

The DOE Seismic Evaluation Procedure has three different types of equipment ciass evaluations
with varying levels of rigor and technical review. Table 2.1-1 lists all the equipment classes
contained in the DOE Seismic Evaluation Procedure and the type of evaiuation for each equipment

class.

6 Based on Section 4.5 of SQUG GIP (Ref. 1)
7 Based on Section 4.3 of SQUG GIP (Ref. 1)
March 1997 2-5
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were identified as potentially requiring seismic evaluation at DOE sites. These addi

equipment were identified based on the responses from questionnaires sent to DOE sites and
Chapter 10 contains about half of the identified classes of equipment. As the screening procedures
and guidelines for additional classes of equipment are developed and reviewed, they can be added
to Chapter 10 of the DOE Seismic Evaluation Procedure. In addition, the rigor of some of the
sections in Chapter 10 can be enhanced with further development and review. Other classes of
equipment that exist at DOE facilities that could be added to the DOE Seismic Evaluation Procedure

include:

In addition to the classes of equipment in the SQUG GIP, twenty additional clas
S

electrical equipment - distributed control systems, computer equipment, alarm and security
equipment, communication equipment, and miscellaneous electrical equipment

mechanical equipment - ventilation dampers

tanks - elevated tanks, boilers, and miscellaneous tanks

piping and raceway systems - stacks, tubing, bus ducts, and conveyors of material
architectural features - suspended ceilings, cranes, and elevators

switchyard and substation equipment - power transformers, circuit breakers, disconnect

switches, current and voltage transformers, surge and lightning arresters, wave traps,
capacitor banks, buswork, and miscellaneous switchyard equipment
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2.1.3.4.1 Rule of the Box?8

An important aspect of evaluating the seismic adequacy of equipment included within the scope of
this procedure is explained by the "rule of the box". "Rule of the box" applies to "normal”
components of equipment, or parts of the equipment that are included in the earthquake experience
database or shake table tests database. The intent of the "rule of the box" for equipment included in
either the earthquake or testing equipment database is that all of the components mounted on or in
this equipment are considered to be part of that equipment and do not have to be evaluated
separately. Auxiliary components that are pot mounted on the item of equipment but are needed by
the equipment to fulfill its intended function need to be evaluated separately. Peer review, as
discussed in Section 2.2, 1s needed to evaluate if the earthquake experience database or shake table
tests database provides the basis for a particular application of the "rule of the box".

A typical example of the "rule of the box" is a diesel generator which not only includes the engine
block and generator, but also all other items of equipment mounted on the diesel generator or on its
skid; such as the lubrication system, fuel supply system, cooling system, heaters, starting systems,
and local instrumentation and control systems. Components needed by the diesel generator but not
included 1n the "box” (1.e., not mounted on the diesel generator or on its skid) are to be identified
and evaluated separately: T‘y‘picgiiy this would include such items as off-mounted control panels,
air-start compressors and tanks, batteries, pumps for circulating coolant and lubricant, day tanks,
and switchgear cabinets.

An obvious advantage to the "rule of the box" is that only the major items of equipment need be
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Chapter 8 contains a summary of equipment class descriptions based on earthquake experience data
and generic seismic testing data. These descriptions and the rest of Chapter 8 is from Appendix B
of Revision 2 of the SQUG GIP. An item of equipment must have the same genera acteristi
as the equipment in the earthquake experience equipment class or the generic seismi

equipment class to apply the methodology in Chapter 8. The intent of this rule is to
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8 Based on Section 3.3.3 of SQUG GIP (Ref. 1)
9 Based on Section 4.3 of SQUG GIP (Ref. 1)
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of equipment with unusual designs and characteristics that have not demonstrated seismic adequacy
in earthquakes or tests.

"Caveats" are defined as the set of inclusion and exclusion rules that represent specific
characteristics and features particularly important for seismic adequacy of a particular class of
equipment. Chapter 8 contains a summary of the caveats for the earthquake experience equipment
class and for the generic seismic testing equipment class. If the caveats are satisfied, then the
capacity of the equipment class can be represented by the Reference Spectrum and/or the GERS.
For these equipment classes, extensive use of earthquake experience and test data permits the
rigorous definition of the equipment capacity and evaluation of the seismic adequacy of the
equipment. The equipment capacity determined in Chapter 8 is compared to the seismic demand
using the provisions of Chapter 5.

The "intent" of the caveats should be met nen evaluaung an item of equ1pment as they are not
ﬁ"ed, iﬁﬂexf‘le 'l‘s Engineering judgment may be used to determine whether the specmc
PR I T . A mosrand

caveat is met. Chapter 8 prov1aes brief discussions of the intent
d where the intent of the caveats are considered to
s not, the reason for this conclusion should be
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information contained in References 19, 35, and 40. Additional information on n seismic nce
data is contained in Chapter 9d of Reference 32. The SCEs should use the summaries in Chs ipter 8
only after first thoroughlv reviewing and understanding the background of the equipment classes
and bases for the caveats as described in these references. These references DI'OVlde more details
(such as photographs of the data base equipment) and more discussion than summarized in Chapter
8. Note that in some cases, clarifying remarks have been included in Chapter 8 that are not
contained in the reference documents. These clarifying remarks include such things as the reason
for including a particular caveat, the intent of the caveat, and recommended allowable limits for
stress analysis. The remarks are also based on experience gained during SQUG GIP reviews at
operating nuclear power plants and DOE seismic evaluations at DOE facilities and they serve to
help guide the SCEs in their judgment.

The summaries of the equipment class descriptions and caveats in Chapter 8 are based on
smi

Certain 1mportant caveats from the reference documents are not included in Chapter 8 because they
are covered in other sections of the DOE Seismic Evaluation Procedure. These caveats include:

M1t ant ohan A adarmintalyr anahassad aind laos tonlafime alemzld Lo Ao n O 1T oo T _ o A A
* Equipment should be adequately anchored and base isolation should be carefully evaluated (see
Mhantar A\
lapict v).
* Seismic interaction concerns, such as flexibility of attached lines, should not adversely affect
the equipment (see Chapter 7).
1 i ol \ o 7

* Relays for which chatter is not acceptable should be specifically evaluated. Note that although
the primary responsibility for conductlng the relay evaluation is the Lead Relay Reviewer, the
SCEs should be alert for any selsrmcally induced systems effects that may lead to loss of
function or malfunction of the equipment being evaluated (see Chapter 11).
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The screening procedures in Chapter 9 are based on information contained in References 42, 46,
47, and 50. The SCEs should use the information in Chapter 9 only after first thoroughly
reviewing and understanding the background of the equipment classes and bases for the screening
procedures as described in these references. These references provide more details and more
discussion than summarized in Chapter 9. In some cases, clanfylng remarks not contained in the
reference documents have been included in Chapter 9. These clarifying remarks are based on
experience gained during SQUG GIP reviews at operating nuclear power plants and DOE seismic
evaluations at DOE facilities and they serve to help guide the SCEs apply their judgment.

The screening procedures in Chapter 9 are from Revision 2 of the SQUG GIP and Table 2.1-3 lists
the equipment classes in Chapter 9.

Table 2.1-3 Equipment Class Evaluations Using
Screening Procedures (SQUG GIP, Reference 1)

Section | Equipment Class Source of
Screening
Procedure in
SQUG GIP
9.1.1 | Vertical Tanks Section 7
9.1.2 | Horizontal Tanks and Heat Exchangers Section 7
9.2.1 | Cable and Conduit Raceway Systems Section 8

2.1.3.4.4 Equipment Class Evaluations Using Screening Procedures or General Guidelines
(Chapter 10)

Chapter 10 contains a summary of equipment class descriptions and parameters based on
earthquake experience data, test data, and analytical derivations. The classes of equipment
contained in Chapter 10 are not from the SQUG GIP. Much of the information in Chapter 10 is
from DOE references. Table 2.1-4 lists the principal references and authors for the sections in
Lhapter 10. Anitem of equlpment must have the same general characteristics as the equ1pment in
the screening procedures and general guidelines. The intent of this rule is to preclude items of
equipment with unusual designs and characteristics that have not demonstrated seismic adequacy in
earthquakes or tests.

The screening procedures in Sections 10.1.1, 10.4.1, and 10.5.1, for evaluating the seismic

aaequacy of p1p1ng, HVAC ducts, and unreinforced masonry (URM) walls respectively, cover
those features which expenence has shown can be vulnerable to seismic loading. These procedures
are a step- oy step process through which the 1mp0rtant equlpment parameters and dimensions are
determined, seismic performance concerns are evaluated, the equlpment capac1ty is determined,

and the equlpment capa(:lty is compared to the seismic demand. Sections i0.1.1 and 10.4.1 have

A et F_ . 1 ThNAT

1 techn 1(,duy reV1e‘v‘veu and used extensivel 1y at several DUE sites 1n01ualng Savannah River Site

) PYDSE SRy a1l ML — 4

Rocky Flats Environmental Technology Center.
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s

Principal Author
G. Antaki, SRS
S. Short, EQE

Principal
Reference
59
29

fforts at several DOE sites including Los Alamos National Laboratory and

Table 2.1-4 Equipment Class Evaluations Using
Screening Procedures or General Guidelines

Underground Piping

Equipment Class
HEPA Filters

Piping
Glove Boxes

ning e

trengthe
10.1.2
10.2.1
10.2.

10.1.1

Section

10.2.2, 10.2.3, 10.3.2, 10.5.2, and 10.5.3, on the other hand, are based on walkdown and

Lawrence Livermore National Laboratory.
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t evaluations and the members ¢
ones being reviewed. The size of the peer review team should

evaluations being reviewed.

The equipment evaluations and the peer review should consider the DOE requirements
assurance. These requirements are specified in 10CFR830.120, the DOE Nuclear Safety
Management Rule, (Ref. 61) and DOE Order 5700.6C, "Quality Assurance", (Ref. 62). The Rule
requires the development of quality assurance programs for DOE nuclear facilities. Information for
implementing quality procedures is provided in the Rule and Order. Sections 1.4 and C.8 of DOE-
STD-1020 (Ref. 6) provides additional guidance on quality assurance and peer review.

2.3 PREPARATION FOR THE EVALUATION

2.3.1 Systems Engineering and Facility Operations!!

Experience from facility reviews has demonstrated that preparatory work performed prior to
conducting the facility screening evaluations will maximize the effectiveness of the walkdown
procedure outlined in Section 2.1. Prior to the walkdown, members of the SRT including the
SCEs, systems engineer(s), and facility operations representative(s) should review the facility
design documents to familiarize themselves with facility design features and, in particular, those
associated with equipment identified in the Seismic Equipment List (SEL). Much of the required
initial information is contained in a Safety Analysis Report (SAR) or related report. In addition,
piping and instrumentation diagrams (P&IDs), electrical one-line drawings, instrument block
diagrams, operating procedures, system descriptions, facility arrangement drawings, and selected
topical reports and specifications should be used during the equipment identification and walkdown
elrorts.

Discussions with facility operations personnel are beneficial in identifying equipment within

various safety systems. Systems engineers may wish to consider including equipment that does

not have seismic qualification documentation, thereby upgrading its seismic qualification status.

Most of the industrial-grade equipment in the earthquake experience data base has been shown to
................ A R PV II_- < N

T : : nal - il : Gt hana maalifad o calorrsa Tand
DC SCISICdlly Tugged Cveil LOUgEIl 1t I1ds NOL beCn qualllled 101 S€1Smic 10ads.

mmilibws nercenin enannmindt danrsrizmnn alhneal d Tan aan oo 4 el sl T et O L e O
Facility arrangement drawings should be marked with the location of each item of equipment
onlantén 1 AT TEATI aEa avsrmvriAdad b thhn QDS wxrlan wxr2 11 Lo A2 o A catcrnem avralisadl s .
selected for review and provided to the SCEs who will be doing the seismic evaluation. In




addition, the SEL, which is described in Chapter 4, should be completed in order to identify the
equipment to be seismically evaluated.

2.3.2  Pre-Walkdown Planning!?

The purpose of pre-walkdown planning is to organize the facility walkdown. Judicious planning
will minimize the time spent in the field by the SRT. ) -

The planning process should be performed with active participation from the principal walkdown
participants and the tacility personnel with experience in the configuration and operation of the
facility under review. The following organizations or individuals will typically be involved in the
walkdown and should be part of the planning effort:

i Facility Manager

ot Dot o3 o . R
. Safety Professionais and Systems Engineer(s)

r~ Find 11 ™ h 4 P ™ . i* h Y 1

. Facility Operations and/or Radiation Protection Personnel
- Qalormem MNamalailte T3
hd OCISINIC Udp4dD1ity ENngineer

Dalax; Diarahratimn Dasammmal
v Relay Lval OI1 I CISULLICI
a Diminea Driralhiioticnn Daatoanes
hd r Plllg =vyaluallull 111 ICCTI>

wanna nlanning Aan imrhan ta manfaema tha vwrall, dassre 30 adzricalla A1 3 oo (Lo 1T 2

Ad ance p}cuuu 1g Ol1 h 1 {0 PeLioLin tne walkdown is advisable. Walkdowns SI1ourd 1ot
interfere with the normal operation of the facility. Security, radiation level, operations, and
maintenance considerations are necessary in deciding when each area of the facility can be visited
Some areas of the facility are inaccessible during normal operation and can only be inspected
during outage periods. The Screening Evaluation and Data Sheets (SEDS), discussed in Chapter
13, can be organized by facility location and thereby used as a checklist and itinerary for the
walkdown. The itinerary, however, should be flexible to allow the walkdown teams time to revisit
certain areas or alter their plans because of difficulties in determining seismic adequacy of particular
types of equipment. It is also advisable to provide the walkdown teams with the itineraries in
advance so that they can review the items of equipment assigned prior to the walkdown.
Advance planning and preparation are needed to
contractors are used to conduct the w.
clearances, access badges, and radiation training. T
accompanied by facility security and ra

r o o o

D

1

is costly, ties up personnel, and tends to int W ! > a I
It also increases the number of individuals involved with the walkdown which tends to sl
the pace of the effort. Advance notification and scheduling can streamline the process of gaining
facility access. All people concerned with the facility walkdown, including walkdown team
members, facility operations personnel, health physics personnel, security personnel and facili
staff, should be advised of the dates and duration of the facility walkdown well in advance of the

scheduled walkdowns (e.g., two months ahead of time).

ok
o

3
L]
7]
Q
=

The SRT or individual team members may want to have discussions with other facility operations
personnel prior to and during the walkdown to clarify the way a system or an item of equipment
operates. If possible, these meetings should be planned well in advance so that people

12 Based on Section E.3 of SQUG GIP (Ref. 1)
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Construction details of the anchorage for the equipment in the SEL are essential for evaluating the
seismic adequacy of the equipment. Inspection and evaluation of anchorage are difficult if not
impossible without the use of construction drawings, specifications, and bills of materials

The documents which should be available to the SRT include

1. The Seismic Equipment List (SEL), prepared using Chapter 4.

2. List of equipment for which prior seismic qualification documentation exists.

3. Summary of the facility seismic design basis, specifically: ground response spectra for the
design basis earthquake (DBE) seismic design criteria, amplified in-structure response
spectra (IRS), and seismic demand spectra (SDS).

4. Standard details for equipment anchorage.

5. Facility arrangement drawings.

6. Health physics and facility security requirements.

In addition, certain facility design information should be collected to help maximize the benefit of

the evaluation. The following provides a checklist of example data that, if appropriate, should be
collected prior to the Screening Evaluation and Walkdown procedure:

. Map of site with outline of structures and structure identifiers
. Performance goals for the facility equipment which is listed on the SEL
. Structural drawings for buiidings, inciuding current as-built key pians where possibie
. Date of construction of facility (inciuding dates of modifications as appropriate)
. Available soils data
N1 PRI . I S | ool L1 3
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1. An understanding of the facility layout and location of the various system and equipment
scheduled to be evaluated during that walkdown period;

2. An understanding of the scope and objectives of the walkdown including the methodology
and procedures;

3. An understanding of the seismic evaluation guidelines including inspection techniques and
evaluation criteria;

4. An understanding of the operational aspects of the facility and the importance of the various

facility systems and equipment.

SRT decisions concerning equipment seismic adequacy should be made on the spot, if possible,
and the walkdown should proceed at a pace consistent with this objective. Decisions to evaluate
the seismic adequacy of equipment should be unanimous among the SCEs. Concerns which do
not permit seismic evaluation during the screening walkdown should be documented and left for
further review to either eliminate the equipment as a required part of the SEL or identify it as an
outlier for further evaluation (as described in Chapter 12). During the walkdown, many items of
equipment may have evaluation results that are unknown. The SRT should decide what
information or additional action is required to resolve the issue and inform the appropriate support
staff personnel so that, if possible, the issue may be resolved during the later part of the
walkdown.

If several SRTs are used to conduct the screening evaluation and walkdown, then a means for
coordinating the activities should be invoked to ensure that all the equipment and activities of the
evaluation are covered. This coordinating function could be performed by a single individual or by
a committee of individuals from the various SRTs.

2.3.3.2 Degree of Inspection!>

13" Based on Section F.1 of SQUG GIP (Ref. 1)

14 Based on Section F.2 of SQUG GIP (Ref. 1)
15 £ OVANT TN

Based on Section F.3 of SQUG GIP (Ref. 1)
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should be justified by the SRT. The level or scope of evaluation may vary depending upon the
experience and judgment of the SRT.

2.3.3.3 Walkdown Logistics and Cautions!6

A three-to-four hour kick-off meeting can be scheduled for the beginning of the facility walkdown.
This meeting can provide a briefing on the objectives of the walkdown, the organization of the
walkdown groups, the planning for the walkdown, and the breakdown of the total list of
equipment for which each group was responsible. After this kick-off meeting, the SRTs can
commence with the facility walkdown.

Radiation training, including whole body counts and issuance of personnel dosimetry, and facility
access requirements, such as obtaining security badges, for the SRT members are done prior to
this kick-off meeting. Access to contaminated and radiological areas may require DOE or site-
specific Radiological Worker II Training. DOE-sponsored radiological training may reduce delays
associated with facility-specific training.

A daily morning meeting should be held in which the SRT reviews the equipment included in that
day's walkdown. Anchorage drawings are also reviewed by the SRT. The walkdown can be
conducted in morning and afternoon sessions. A meeting can also be held during the lunch break
to discuss problem areas and the approaches used by other SRTs. At the option of the facility and

i o conduct the walkdown outside of normal working hours. In any
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can lead to extreme personnel discomfort, especially when protective clothing is required for
walkdowns in contaminated and high radiation areas.

clothing since temperatures inside operating DOE facilities can be relatively high. These conditions

16 Based on Section F.4 of SQUG GIP (Ref. 1)
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appropriate facility personnel, such as hazardous material technicians or fire protection
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obeyed. The typical information on a hazardous mat—
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In addition, all placards with hazards contr
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unpredictable situations, and to 5be_y facility policy and safety procedures.

The basic rules while conducting the walkdown are to use common sense, to avoid dangerous or

outlier sheets (OSES) should be completed for each item of equipment identified as an outlier.

and included in the walkdown should be classified as being either evaluated or an outlier. The

At the completion of the Screening Evaluation and Walkdown, all equipment identified in the SEL

Screening Evaluation and Walkdown, the SRT should inform the facility management about the

description, and calculations) can be reasonably followed by a reviewer. At the completion of the
walkdown results in detail.

SEDS should be completed, checked for accuracy, and certified for each item of equipment. The
Work sheets (SEWS), if used, should also be checked so that the information noted (judgments,

2.3.3.4 Screening Walkdown Completion!?

ased on Section
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RATING
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REACTIVITY
RATING

A
0 Normally stable \
p 4
y 4

N
N
N
N

y 4
y 4 0 Minimal risk
S 1 Minor irritation 1 Normally stable
A 2 unless heated
A Y 2 Violent chemical y 4
changes Po§si'bie y 4
3 Mayexplode  gf
4

Will explode y 4

Minor injury possible
(May burn or blister)
3 Toxic - Major injury
} Life threatening

Figure 2.3-1 = Hazardous Material Card
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disciplines at different times. DOE and M&O contractor staff are respdhéinle for e;valuatlng the
qualifications of the seismic evaluation personnel for compliance with this procedure.

3.2  SEISMIC CAPABILITY ENGINEERS?

3.2.1 Responsibilities and Minimum Requirements

The Seismic Capability Engineers (SCEs) should:

* Become familiar with the seismic experience data approach as defined in the DOE Seismic
Evaluation Procedure and EPRI / SQUG reference documents.

* Become familiar with the seismic design basis of the facility being evaluated, especially the
equipment on the SEL and the Design Basis Earthquake (DBE) for the facility.

* Conduct the seismic evaluations and walkdowns of equipment and systems as described in the
following chapters and sections:

- Capacity versus Demand Evaluation (Chapter 5)
- Anchorage Review (Chapter 6)
- Seismic Interaction Evaluation (Chapter 7)

- Equipment Class Evaiuations Using Caveats for the Reference Spectrum and/or GERS
(Chapter 8)

I Based on Section 2.0 of SQUG GIP (Ref. 1)
2 Based on Section 2.4 of SQUG GIP (Ref. 1)
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- Equipment Class Evaluations Using Screening Procedures or General Guidelines
(Chapter 10)

- Relay Functionality Review (Chapter 11)

* Use the DOE Seismic Evaluation Procedure, along with experience and judgment, to evaluate
the seismic adequacy of equipment and systems identified as necessary.

* Perform additional analyses and calculations, when necessary, to evaluate the seismic adequacy
of the equipment and systems.

* Make recommendations for any additional evaluations or physical modifications to equipment
or systems that may be necessary to determine the seismic adequacy of equipment identified as
outliers as described in Chapter 12.

The SCEs may be assisted in fulfiliing the above responsibilities by other individuals. For
example, others may do background work to obtain information necessary for performing the
seismic evaluations; they may also locate and assist in evaluating existing seismic qualification
aocu{zr;grﬂnauon and tney may perIorm DaCKup calculations where necessary. Another example is
that SCEs may ask the bystems Engineers, Safety Professionals, and the Operations Personnel for
information on how an item of equlpment operates ina system so they may decide whether a
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If an engineer has completed the 5-day EPRI training course on the EPRI/ SQUG methodology
for the commercial nuclear power industry, then the following list provides an alternative means of
meeting the recommended minimum requirements for SCEs evaluating equipment at DOE facilities.
The list replaces the recommended minimum requirement of attending the 5-day DOE-developed
training cours

presented for the commercial nuclear power industry,

ey

Hold a certificate of completion for the 5-da 1y EPRI course on the SQUG methodology
S

. Complete the following supplemental DOE-specific training administrated under the
overs1ght of the DOE: performance goals, capacuy versus demand, and equipment classes
beyond those covered in the EPRI course, as well as complete the associated case studies
and quizzes. This supplemental training is conducted on a case-by-case basis depending on
the qualifications of the engineer. It typically does not involve attendance of another
training course.
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* DOE facility walkdown experience

* Knowledge of DOE orders, standards, and guidance

It is not necessary for each SCE to possess all of the above qualifications; differing levels of
expertise among the SRT engineers is appropriate. However, each SRT should collectively
possess the above qualifications and each engineer on the team should have the ability to make

At least one of the SCEs on each of the SRTs should be a licensed Professional E
that there is a measure of accountability and personal responsibility in making the
for in the DOE Seismic Evaluation Procedure.

In general, the individuals who perform the seismic review walkdown may be required to wear
protective clothing, wear a respirator, work in radiation areas, climb ladders, move through crawl
spaces, climb over obstacles, and work in high temperatures or other difficult situations. In
addition to required facility-specific training, the SRT members should be in good physical
condition and have the capability and willingness to perform these tasks as necessary.

3.2.2 Piping Evaluation Engineers

The Piping Evaluation Engineers are responsible for conducting the walkdown and screening
verification of piping that is listed in the SEL. Recommended minimum requirements for the
Piping Evaluation Engineers are:

* Satisfy recommended minimum requirements for SCEs,

* 5 years of experience in seismic design and / or evaluation of piping systems and support
structures 1s desirable with the capability to apply sound engineering judgment based on the
knowledge of the behavior of piping systems in actual earthquakes and seismic tests and to
recognize potential failure modes,

* Compilete the 1-day DOE-developed workshop, or equivalent, on applying the walkdown
screening and seismic evaluation methodology for piping at DOE facilities.



3.3  OTHER SUPPORT PERSONNEL

There are several other groups of personnel who provide important assistance to the SCEs. These
personnel include safety professional and systems engineers, operations personnel, and relay
evaluation personnel. The combination of these personnel and the SCEs comprise a complete
SRT. ) )

3.3.1 Safety Professionals and Systems Engineers?

The primary responsibility of the Safety Professionals and Systems Engineers is to develop the
SEL, as described in Chapter 4. This involves identifying the various types of safety equipment
that exist within the facility and determining which types will be evaluated with the Screening
Evaluation and Walkdown.

If the SEL contains few outliers foliowing the facility walkdown, further evaluation by the Safety
Professionals and Systems Engineers may not be necessary. However, if as a result of the
walkdown, numerous outliers are found or outliers which are difficult to resolve are identified, the
Safety Professionais and Systems Engineers may be requested to further evaluate the SEL.

ibility of developing the SEL, the Safety Professionals and

o provide background information and guidance to the SCEs

ol

equacy of the equipment and the Relay Evaluation Professionais who
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of individual equipment, instrumentation, and control systems.

Operations Personnel may assist the SCEs either as staff support or as members of an SRT.
Though it is not required that the Operations Personnel be part of the seismic walkdown team, it is
recommended. The Operations Personnel should have experience in the specific facility being
seismically evaluated.

3 Based on Section 2.2 of SQUG GIP (Ref. 1)
4 Based on Section 2.3 of SQUG GIP (Ref. 1)
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3.3.3 Relay Evaluation Personnel’

The Relay Evaluation Personnel include those individuals who will perform the Relay
Functionality Review described in Chapter 11. This evaluation includes reviewing electrical circuit
drawings, documenting the review conclusions, performing the relay walkdowns, and providing
associated support activities.

Electrical engineering will be the primary engineering discipline involved in the relay review;
however, the evaluation may also use a number of other engineering disciplines; including
structural, mechanical, civil, systems, and earthquake engineering. Information and assistance
from facility personnel regarding operations and maintenance may also be required. The
capabilities and responsibilities of the various Relay Evaluation Personnel are listed below.

The Lead Relay Reviewer should be a degreed, or equivalent, electrical engineer with experience
who is familiar with the Relay Functionality Review procedure described Chapter 11. The relay

walkdown is not expected to involve entries into radiation areas nor any special physical demands.

m 2 8 i 1. T . _____ 1 ___11 A P \J TR J U, U, S S, U, ST, S R .4
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IRTPTEIUR I P PR TR S TESCIE BUNPLY S SPL I TR SRR S PRI o Al SN 1 . S S
electrical design arawings and in identiiying essential reiays in ine saiety systems. 1ne Lead Relay
R P T T I T VR PRI LR I SISO, PN U IS I T - S
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malfunction in essential circuits
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DAIcty rioicssitnais, SYSICHIS Ciginelrs aiiG wpSraudins reistnne: winl are apac:C 01 proviGing
infrrmatinn an tha anaratinn Af tha cafaty cuctame and facility nnarating nracadnrac chanld ha nicad
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ALINILILVL QULINE VUL VA Uil v\iu‘tll.ll\/llb RLLWW LW IJJ LVL“JU A4 A DL VIWWLLEIWEAL TRLAVE VUL LLIUVE VHARIN/LALEAULANTAR LA
controls maintenance representative should be available to provide assistance durine the Relav
presentative snouid de avalabic 10 Provide assistance auring thc Xelay
Functionalitv Review to help establish the location acte
1 11y REVIEW 10 NElp €SLabsT 10Catio
the safety circuits
The SCEs should perform certain appr:
Review. These evaluations can be
include
» Identifying potential instances of seismic spatial interaction.

» Giving special consideration to expansion anchor bolts which secure cabinets containing
essential relays.

» Establishing in-cabinet amplification factors for and lowest natural frequency of cabinets
containing essential relays.

5 Based on Section 2.5 of SQUG GIP (Ref. 1)
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A workshop and training course were developed by DOE to provide guidance on how to implement
seismic evaluations using the DOE Seismic Evaluation Procedure and the referenced EPRI/ SQUG
documents
documents

W 3¢ overview el
SQUG seismic qualification material for seismic evaluations of eqmnme;'lt in existing DOE facilities
By attending the workshop, participants obtain copies of the EPRI / SQUG evaluation material for use
at DOE facilities. The workshop is provided for DOE staff, M&O contractor staff, and subcontractors
who were under contract to DOE or a M&O. In addition, the workshop had training on the use of the
Walkthrough Field Guide which is discussed in Section 1.4.1. The intent of the Field Guide training
a

is to introduce techniques for efficiently identifying and upgrading si
DOE facilities.

DOE Training Course on SQUG / EPRI Walkdown Screening and Seismic Evaluation Material

(Reference 64) The training course provides guidance for implementing and following the procedures
of the DOE Seismic Evaluation Procedure. Detailed information about the Screening Evaluation and
Walkdown Procedure, capacity versus demand evaluation, anchorage review, seismic interaction
evaluation, electrical and mechanical equipment review, tanks and heat exchangers review, cable tray
and conduit systems review, and relay functionality review is presented in the course. As part of the
course, attendees complete a study guide and pre-test, complete quizzes, and participate in a
walkdown. This course is provided primarily for the SCEs, however others who may support these
engineers may also take this course. Attendance at the training course is currently a mandatory step
for any DOE site to obtain the EPRI/ SQUG documents and to permit use of the documents for
safety-basis evaluations. Videotapes of the course are available through LLNL.

The objective of the DOE training course is as foliows: (1) provide additional information on the
ackground, philosophy, and general approach developed by the DOE to conduct seismic evaluations
DOE facilities and (2) provide additional guidance in the use of the DOE Seismic Evaluation

g 54 1 =2, -~ s arT .

Procedure and applicable references to select the SEL and to verify their seismic adequacy.
on O

MNTT O

Implementation of the procedures in the DOE Seismic Evaluation Procedure require experienced,
well-trained engineers applying sound engineering judgment. As a result, the training course
ngera Ane Fus tlam boensnafma ~fthhn cmnmaconmr tanlic Al o TNV 2o o T b o OThNATY k]
PIOVIGES 101 UlC Iransier Ol 1€ necessary 1eCnmnology 1o PULE Sites and (ne training o1 UL and
contractor personnel to conduct seismic evaluations.

A revised version of the training course in Reference 64 provides tailored training for DOE sites. This
revised version emphasizes the DOE Seismic Evaluation Procedure and the aspects of the Procedure
which are of most interest to DOE sites. In addition to the material discussed in Reference 64, the
revised training covers DOE-specific classes of equipment, such as piping, HVAC ducts, and
architectural features and components
Qualification of Piping Systems (Reference 65) The workshop provides guidance
nd following the procedures of the DOE Seismic Evaluation Procedure for piping
ation about the codes and standards for process, instrumentation, and fire
oading of piping systems; qualification by analysis; testing experience
data; earthquake exp data; seismic screening criteria for piping and tubing; special
considerations for buried piping; and special considerations for double-wall piping are presented at the
workshop. As part of the workshop, attendees participate in discussions and are given an
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examination. This workshop is provided primarily for SCEs who are also Pip
Engineers, however others who may support these engineers should also take this course.
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DOE Orders and standards on natural phenomena hazards require that all systems and components
be seismically evaluated, except for Performance Category (PC)-0 systems and component
PC-1 through PC-4 systems and components could then be included in the SEL of the facility.
However, the DOE Orders and standards use a "graded approach" permitting the level
thoroughness of seismic adequacy evaluation to vary in proportion to the importance and
significance of the systems and components being evaluated. Consistent with this app
recognizing the impracticality of performing seismic evaluation and upgrading of all DOE
simultaneously, DOE Orders and standards permit prioritization of seismic evaluation and
upgrading of various systems and components on some rational basis, such as the risk reduction
potential associated with the seismic evaluation and upgrading of a particular system or component.
DOE Orders and standards also permit some relaxation of the requirements for older-vintage and
existing facilities consistent with a backfit principle. The use of the screening methods and

procedures described in the DOE Seismic Evaluation Procedure is based on similar principles.
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The above-mentioned relaxation and prioritization provisions of DOE Orders and standards permit
an SEL that is not all inclusive, even though all PC-1 through PC-4 systems and components could
be in the SEL. Considering the availability of resources and the estimated risk-reduction potential,
it is acceptable for only certain systems and components to be included in the SEL. Since a
rigorous determination of the risk reduction potential for a large number of systems and
components is not practical, an approximate and subjective estimation is acceptable. With
appropriate guidance from facility management on resource availability and facility mission, the
estimation of relative risk-reduction potential and preparation of an SEL can best be performed by a
team, the SEL Team. This team should consist of safety professionals, facility system safety
engineers, seismic engineers, and facility operators. For some facilities, the SEL Team may need
to incorporate the specialized expertise of relay engineers, piping engineers, chemical engineers, or
other professionais and facility designers.

The general approach for the development of the SEL requires the consideration of the following
items: identification of facility safety requirements, postulated facility conditions, system
M A

interaction considerations, and seismic vulnerability considerations. From these considerations, it
is anticipated that a preliminary SEL can be developed. To complete the SEL it is recommended
S MR Mgy b S

that the preliminary SEL undergo an operational review for concurrence by facility operators.
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i .
or after a seismic event. F ) I SAR, VS mpar
to those required for a SAR should be performed to identify systems and components needed to

perform safety functions.

Additional guidance for the development of the SEL is provided in DOE-STD-1021 (Ref. 7) and
DOE-STD-1027 (Ref. 10). The results of facility hazard classification, safety classification, and
performance categorization are considered in DOE-STD-1021. With these considerations, the
facility systems and components can be assigned to the appropriate performance category. The
SEL can focus on those facility systems and components which are classified above a specified
performance category and these systems and components are typically those which must function
during or after a seismic event.

4.3 POSTULATED FACILITY CONDITIONS

In developing the SEL, the SEL Team will need to postulate facility conditions following a seismic
event. These postulated conditions will help the SEL Team to identify systems and components
needed following an earthquake and serve as a basis of questions asked during the operational
review.

 Offsite Utilities: Offsite utilities such as power, telephone, water, steam and gas supplies
should be considered for two conditions:

1) Offsite utilities are interrupted and are not available for up to 72 hours.
2) Offsite utilities are uninterrupted.

* Seismic Induced Accidents: Postulate seismic induced accidents, such as fire and criticality,
unless a hazard analysis is performed to show that such events are not credibie.

» Singie Active Failure: Postulate random or seismically induced failure of any single active
component on the SEL.



*  Operator Actions: Consider operator actions, as necessary, provided the following conditions
are met:

1) Procedures and training are in place.

2) Procedures take into account the environment which will result from the postulated
earthquake.

3) Operator actions utilize seismically qualified components and instrument alarms.

4) Egress routes are confirmed viable by seismic review. An alternate egress route must be
included in operator action procedures, unless a single route is structurally qualified
(including opening of doors and emergency lighting). In addition, access routes for the
operator to activate alarms may be required.

»  Other Accidents: Do not postulate that other natural phenomena hazards (extreme winds,
floods) or man-made accidents (sabotage, plane-crash) occur simultaneously with the
earthquake.

4.4  SYSTEM INTERACTION CONSIDERATIONS
In preparing the SEL for a facility, system safety will be the primary consideration and the safety

ngineers in the SEL Team will have the primary responsibility of

that must be seismically evaluated. This is a primary

ain, store, or process nuclear or chemically hazardous materials.
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1thin a facility, several non-sa ar 1ay sult e

unacceptable performance or failure of a safety-related systems or component. The effects of
such common-cause failure on non-safety related systems and components should be

considered.

* Performance During a Seismic Event: Not all safety-related systems and components need to
continuously function during a seismic event to meet their safety requirement, as long as they
perform their safety-related function after the event. Functional failure of such systems and
components during a seismic event is obviously not significant compared to those systems and
components, such as some switches and relays, which must function during the event.
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4.5  SEISMIC VULNERABILITY CONSIDERATIONS

In developing the SEL, structural and seismic vulnerability considerations are also important. In
general, the systems and components that are inherently or generically susceptible to seismic failure
or malfunction should get more attention in the evaluation process than those that are inherently
rugged. The determination and assessment of seismic weakness or ruggedness for the purpose of
preparing the SEL will be the responsibility of the SEL Team, especially the seismic engineers.

The seismic engineers will consider: (1) the structural configuration of the system or component in
relation to its function, (2) its potential failure mode (ductile or brittle, large d1sp1acement vibration
sensitivity, unacceptable function even though stress or displacement is within acceptable limits,
etc.), (3) generic performance during past earthquakes or during shake table test, and (4) the actual
attachment and support conditions of the system or component.

A systematic walkthrough is recommended to evaluate the seismic ruggedness of the systems and
components and their support and anchorage. The Walkthrough Screemng Evaluation Field Guide
(Ref. 23) discussed in Section 1.4 can aid this process. A brief review of seismic design
documents and records is aiso necessary to assess the seismic vulnerability of the systems and
components. Based on such walkthrough and document review, the seismic engineer of the SEL
Team will Sub]CCthCly evaluate the relative seismic vulnerability of the systems and components
that are inciuded in the SEL preparea by the safety professionals and system engineers. As a result
of this seismic vumeraomty evaluation, each system or component of the SEL, which was
prepared on the basis of sarety considerations, will have a qualitative seismic vulnerability rating

g .4 all . a

which, wi ‘en comoinea with the sysrem saIety significance, can provide an assessment of the

Aladad <zsleb u_- PR

r4 MDD ATINNTAT DIYVTIOW
“+.U UICINALIVINAL RO VIEDYY
A OLT ceansmnewad fountir tha ansmatdawati rsee Alvnrriocad S O antl e ~ N A AA 1AL 111
The SEL prepared from the considerations disc uaacu in DCLllUIlb 4.2,4.3, 4.4 and 4.5 shouid be
iaura v tha QT Tanm far Aamaratianal omd fioceatl e o1 a2 Avatimeaa Ml o Lo Ate L
reviewed by the SEL Team for operational and functional considerations. The facili perators
3 sally ravian; ninnlatanace Af tha 1ot fa anoires thot tha axrabammc amd Ao o s be corTa mon
will specially review the completeness of the list to ensure that the systems and components whose
i i 3 antin]l Fae masnonsminl g d a1 o Go it Tyt et
functionality and integrity are assumed essential for personnel and public safety by the operating
1 1 1 antn anAd Fanilite: Anamncentoies e camzrdazeslo o bl o
personnel are included in the SEL. To assist the SEL Team and facility operators in reviewing the
preliminary SEL, the following questions are suggested:
* What are the hazards to the public, workers, or environment upon failure of facility systems
and components?
* What are the confinement systems in place to protect the public or environment from facility
operations or accidents?
*  What are the procedures in the event of a loss of off-site power?

* Are there essential instrumentation and controls for vital components needed to provide
confinement?

* What type of fire protection system does the facility have (wet systems, dry systems, any
functional requirements of any pumps)?

*  What type of monitoring systems and components does the facility have (continuous air
monitors, high-radiation area monitors, stack monitors, and associated operational
requirements)?
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response of the structure in which the equipment is mounted. Scaling factors are applied to the in-

O

1100 DUV ULL

qualification test spectrum. Note that the Reference Spectrum and GERS can be used for
representing seismic capacity of equipment only if the equipment meets the intent of the caveats for
its equipment class as described in Chapter 8. Finally, in Section 5.4 the SDS is compared to the
appropriate capacity spectrum.

. . .
represented by the Reference Spectrum, Generic Equipment Ruggedness Spectrum (GERS), or

The DOE Seismic Evaluation Procedure is intended primarily for systems and components
identified as Performance Category (PC)-2 or higher. As discussed in DOE Orders and standards,
the performance goal description for PC-1 is to maintain occupant safety during and/or immediately
following an earthquake, while PC-2 and higher categories add goals such as continued operation
with minimum interruption. Within the DOE graded approach, the primary concern for PC-1
structures is to prevent major structural damage or collapse that would endanger personnel. This
concern is consistent with the goal of the model building codes, such as the Uniform Building
Code (UBC) (Ref. 69), for general facilities to maintain life safety during earthquakes. The
provisions of the UBC or similar building code should be followed for PC-1 systems and
components since continued operation is not a requirement. For PC-2 and higher systems and
components, the provisions of the DOE Seismic Evaluation Procedure satisfy the qualitative
description of the performance goals for those categories and can be used to evaluate their capacity
to at least have continued operation with minimum interruption during and/or immediately
following an earthquake.

5.2 SEISMIC DEMAND

5.2.1 Design Basis Earthquake

For DOE facilities, the Design Basis Earthquake (DBE) is a specification of the mean seismic
ground motion at the facility site for the earthquake-resistant design or evaluation of the structures,
systems, and components at that site. The DBE is defined by ground motion parameters
determined from mean seismic hazard curves and a design response spectrum shape. These hazard
curves relate hazard exceedance probabilities to response quantities, such as peak ground
amnrnlanatiace Mhia cavatla AT nlne Free Aadmmanltonton o dla o oot e e ek aee AL TN
dCCCICLAUIVULL. 1 11C 11ICUTOU lUg > 101 UCICILLLIHEL llg UIC dSCISHIC CNIVIIOIIL L 4IC ACSCIIDCA 111 UL~
STD-1022 (Ref. 70) and DOE-STD-1023 (Ref. 71). While DOE-STD-1022 provides procedures
for site characterization, DOE-STD-1023 provides procedures for the development of hazard
curves and spectra, such as the DBE, using parameters determined from the site characterization
March 1997 5-1
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acceleration is lower than the peak ground acceleration. While it is appropriate in seismic

evaluations to remove sources of excessive conservatism, use of the effective peak acceleration for

the evaluation of the functionality of active systems and components may not be conservative and
should be peer reviewed on a site-specific basis. The effective peak acceleration may not be

compared to the predicted instrumental peak ground acceleration reported in some probabilistic

seismic hazard assessments for sites at short epicentral distances. Typically, the effective peak

conservative because many types of active systems and components are relatively stiff and may no
longer operate if the seismic demand requires inelastic response to the peak ground acceleration.

DOE-STD-1020 also discusses techniques for addressing the effective peak acceleration as



of resisting a specified level of seismic
ntly low probability of damage or failure of
d L1 TNATY

efined in DOE Orders and DOE-

1
.1, the annual exceedance probability for a facility
re

i a 7 140 mnarfarmaaman Antacser o A thn crrriomimnnimd Se dlaa QITT S DR .. DI N
determined by its performance category and the equipment in the SEL are classified into a
" n Ao :

=
o
172}
&

con

[y
75}

1
1 e rin annore oo mrath T, QT 1M1 MAE TN Acconniatad sl
cular performance category in accordance with DOE-STD-1021 (Ref. 7). Associated with
3 P o gl and an aanareasnmerine hacaed ao oo Jk PR,
ance cawe i £0ai and an acconipanying nazara exceedance

D
"csg"c:

D i
Q0

-
3

£
&
wn

T &
sk o
on
£
E
S

aq
-n
(4]
"=
N
=]
=
S,
-
[0}
92
[p]

,
{
C
+

ek
Q

o]
& 2
tn
]
=N
'
=

¢
s
»
I}

—r
(4]
o]

=
—_
o g
O
(7]
le)
=2
9
o
Q
1
L7 B
[t
[7)
o]
Q
<
o
[« 1
o
=
0
1
= !
a
=}
[
2
o]
N @
N
8
[=%
~J
(9%
8
o
;-r
&
¢
e}
i
o
[
[
<
=
¢
=
[72]
=
¢
w
=
(=}
3
.
11
=

Table 5.2-2 Scale Factors

Performance Scale Factor
Category! (SF)
2 0.67
3 1.00
4 1.25

In the design of new equipment, rules are specified such that a known margin exists between the
design value and the ultimate failure level. This margin has been considered in developing the
provisions of DOE-STD-1020 as discussed in References 6, 24, and 73. A similar margin is
required for the use of capacity obtained from experience data. Section 5.3 discusses the different
types of capacity representation. The margin between the design and ultimate failure values are
contained in the experience data factor, Fy,, defined in Reference 24 and shown in Table 5.2-3.

Table 5.2-3 Experience Data Factors

Capacity Fep
Representation?
Reference Spectrum 1.0 SF
GERS 14SF
Relay GERS ] 1.8 SF
Qualification Test 1.4 SF

1 The Performance Category for each item of equipment in the SEL is determined using the provisions in

Chapter 4 and DOE-STD-1021 (Ref. 7).
2 Definitions for the different capacity representations are provided in Sections 2.1.3.1 and 5.3.

P
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5.2.2 In-Structure Response Spectrum3

For buildings, the DBE defines the seismic demand at the foundation of the structure. For
equipment, the demand is defined in terms of the input motion applied at the appropriate attachment
point(s) of the equipment. This demand or input motion is generally represented by an in-structure
response spectrum (IRS). The IRS will differ significantly from the DBE spectrum because it is
essentially filtered and / or amplified through the building. To use the provisions of the DOE
Seismic Evaluation Procedure, the demand at the attachment point(s) of the equipment must
consider the effects of structural filtering and / or amplification. Methods for determining the IRS
with dynamic analyses are described in DOE-STD-1020 (Ref. 6) and ASCE 4 (Ref. 74). As
discussed in ASCE 4, the IRS must account for uncertainties by spectral broadening or peak
shifting. Additional guidance on computing IRS is provided in Sections 2.3 and C.4 of DOE-
STD-1020. In DOE-STD-1020, dynamic analyses which may use IRS are only specified for PC-3
and PC-4 systems and components. In order to use the methodology in the DOE Seismic
Evaluation Procedure, IRS shouid be developed as well for PC-2 systems and components in the
SEL Guidance for determining in-structure spectra for PC-2 systems and components is provided
in the model building codes such as the UBC (Ref. 69) and the National Earthquake Hazards

ATTITETS T ~ -

Reduction Program (NEHRP) Provisions (Ref. 75).

Realistic, median-centered in-structure response spectra are defined as response spectra which are
based on realistic damping levels for the structure (inciuding the effects of embedment and wave-
scattering) and on structural dynamic analysis using realistic, best estimate modeling parameters
and calculational methods such that no intentional conservatism enters into the process. These in-
pectra should be based on a ground response spectrum defined by the DBE as
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5.2.3 Seismic Demand Spectrum
e " A nttonlhimamt maninmt o) AL Arricmcas A P S N
smic demand at the attachment point(s) of equipment, an in-structure response
T A A Qazomisn MNameaind Qeanntms m FQQ A
to determine the Seismic Demand Spectrum (SDS) according to

1 Ahv R ANPGRS Lo L
spectrum (IRS) is scaled by Fy, t
the following equation:
SDS = F,, x IRS
wharo
YWiliviw
SDS -  Seismic Demand Spectrum or Scaled In-Structure Response Spectrum. For
relays, the SDS is modified to account for in-cabinet amplification. Chapter 11
provides two methods for modifying the SDS for relays mounted in cabinets.
Fp - Experience Data Factor. It depends on the performance category and capacity
representation of the equipment and is defined in Tables 5.2-2 and 5.2-3.
IRS - In-Structure Respon appropriate

Additional information on techniques for computing the seismic demand spectrum are provided in
Step 1 of Section 6.4.2. In this section, an approximate technique for scaling seismic demand
spectra, which are defined for different damping values, is discussed.

5.2.4 Total Demand

The total demand (Dy,) is a combination of seismic loads (D) and concurrent non-seismic loads
(Dyg)-

Dy = Dy + Dy

where:
Dy, - Total Demand

Dy, - Seismic Loads. According to DOE-STD-1020 (Ref. 6), the dynamic analyses
used to compute the seismic loads for PC-3 and PC-4 systems and components
must consider all three orthogonal components of earthquake ground motion
(two horizontal and one vertical). In order to use the methodology in the DOE
Seismic Evaluation Procedure, all three orthogonal components of earthquake
ground motion should be considered for PC-2, PC-3, and PC-4 systems and
components. The earthquake ground motion is described by the SDS defined in
Section 5.2.3. For near-field sites, the vertical component of the DBE may
exceed the horizontal components. Responses from the various directional
components should be combined with acceptabie combinations techniques, such
as the Square-Root-Sum-of-the-Squares (SRSS) and the 100-40-40-Rule, in

Vs o W

accordance with ASCE 4 (Ref. 74).

Dys - Non-Seismic Operational Loads
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5.3  EQUIPMENT CAPACITY
1 M 1 - MNatad
5.3.1 Seismic Capacity Based on Earthquake Experience Data*
1 A catalagi + Flanta Af ctrnms grniind
Earthquake experience data was obtained by surveying and cataloging the effects of strong ground
1 1 1 + 1 = mlaomtc amd
motion earthquakes on various classes of equipment mounted in conventional power plants and
1 1 1 1 1 1 1 28 D A~ thia
other industrial facilities. The results of this effort are summarized in Reference 35. Based on this
; P X : e
work, a Reference Spectrum was developed which represents the seismic capacity of equipment in
the earthquake experience equipment class. A detailed description of the derivation and use of this
Reference Spectrum is contained in Reference 19 and this reference should be reviewed by the
SCEs before using the Reference Spectrum. The Reference Spectrum and the four spectra from
which it is derived are shown in Figure 5.3-1. Figure 5.3-2 shows the Reference Spectrum and its
defining response levels and frequencies
The Refere trum be used to represent the seismic ¢

»
o,

ce n $ >
nce Sp an e
facility when this equipment is determined to have chara

experience equipméﬁt class and meets the intent of the
defined in Chapter 8. Use of the Reference Spectrum

X

Spectrum (SDS) is described in Section 5.4.

5.3.2 Seismic Capacitv Based on Generic Seismic Testing Data’

A large amount of data was collected from seismic qualification testing of nuclear power plant
equipment. This data was used to establish a generic ruggedness level for various equipment
classes in the form of Generic Equipment Ruggedness Spectra (GERS). The development of the
GERS and the limitations on their use (caveats) are documented in Reference 40. Copies of the
non-relay GERS along with a summary of the caveats to be used with them are included in Chapter
8. A copy of arelay GERS is included in Chapter 11. SCEs should review Reference 40 to
understand the basis for the GERS.

GERS can be used to represent the seismic capacity of an item of equipment in a DOE facility when
this equipment is determined to have characteristics which are similar to the generic testing
equipment class and meets the intent of the caveats for that class of equipment as defined in
Chapter 8. Use of the GERS for comparison with the Seismic Demand Spectrum (SDS) is
described in Section 5.4.

Equipment-specific seismic qualification techniques, as used in newer DOE facilities, may be used
instead of the methods given in Section 5.3.1 and 5.3.2. With this technique, shake-table tests
should be performed in accordance with IEEE-344-75 Standards (Ref. 12) or more current
standards.

Equipment-specific seismic qualification can be useful for equipment classes discussed in Chapter
10. Some of these equipment classes do not have the Reference Spectrum or GERS to define their
capacity. With seismic qualification techniques, a test spectrum can be generated for these classes
of equipment and this spectrum must be scaled with the Fg, for Qualification Test in Tabie 5.2-3.
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5.4  EXPERIENCE-BASED CAPACITY COMPARED TO SEISMIC DEMAND

This section addresses the comparison of experience-based seismic capacity to seismic demand for
the equipment. The seismic capacity of equipment can be represented by a Reference Spectrum
based on earthquake experience data, a Generic Ruggedness Spectrum (GERS) based on generic
seismic test data, or a test spectrum from equipment-specific seismic qualification as respectively
described in Sections 5.3.1, 5.3.2, and 5.3.3. Note that the first two methods of representing
seismic capacity of equipment can only be used if the equipment meets the intent of the caveats for
its equipment class as described in Chapter 8. The seismic capacity of an item of equipment is
compared to its seismic demand which is defined in terms of an in-structure response spectrum
(IRS). As discussed in Section 5.2, the IRS is scaled with the applicable scale factors to determine
the Seismic Demand Spectrum (SDS).

5.4.1 Comparison of Equipment Seismic Capacity to Seismic Demand®

An in-structure response spectrum can be used for comparison to Reference Spectrum, GERS, or
test spectrum for equipment which is mounted at any elevation in the facility and/or for equipment
with any natural frequency. The Reference Spectrum, GERS, or test spectrum are used to
represent the capacity of the equipment. The SDS associated with the DBE for a DOE facility can
be used to represent the seismic demand applied to the facility equipment. One of the following
comparisons of capacity and demand, as illustrated in Figure 5.4-1, is made:

= ) p PRV I o Ry S [RRh R o PRSI o WS B o SR IEY 2 o & & ¥ g A Y
b KRCICICNCC SPCCUUII €11VCIOPS UIC SCISINIC PCINAnd Specuuimn (> )

T almciman mmn Qi nborcame sl &7 1N - ol nYal

RCICICNCC SPCCUULLL (OCCUVI V.5.1 ) P LD
a MAEDC swwra Tawme tha Qalomain Tarmane A Quan adanzaan FOTYON
v VLMD CHVOIVUPD UIC OCIDIHIC LJCLILIALIU OPTLUULLL (O1LJD )

GERS (Section 5.3.2) > SDS
¢ Test spectrum envelops the Seismic Demand Spectrum (SDS)

Caiemicr nalificatinn Toacte (Sactinn § 2 ) ~ <NgQ

wwloliliie Vumlll\aﬂbl\lll A wOow \U\/Ul—l\lll J.J.J} = [ AW J
* Relay GERS envelops the In-cabinet Demand Spectrum (IDS). Section 11.3 discusses

techniques for calculating the IDS using the Seismic Demand Spectrum (SDS)

Relay GERS (Section 11.2) > DS
For these comparisons, the largest horizontal component of the 5% damped in-structure response
spectra is used for the location in the facility where the item of equipment is mounted. An
approximate technique for scaling in-structure response spectra by their damping ratios is provided
N g b nf N '.l. o r r J R N r [ =4 r
in Section 6.4. The in-structure response spectrum used for the seismic demand should be
representative of the elevation in the structure where the equipment is anchored and receives its
seismic input. This elevation should be determined by the SCEs during the facility walkdown. If

one of the comparisons shown above is not satisfied, then the equipment being evaluated is an
outlier. Methods for resolving outliers are provided in Chapter 12.

6 Based on Section 4.2.4 of SQUG GIP (Ref. 1)
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5.4.2 Envel ping f Seismic Demand Spectivim’

TA avvalitata catcmin adamiantsy 11 oganaral tha catomnin nnmanlidsr cmmandozoe ol 3 o T 2l . OTNC

10 Cvaiuaic stisiml aucgjuaty, il geiicidi, ulc SCisiiic capacity SpeCruill Snouid enveiop ine >

over the entire frequency range of interest (typically 1 to 33 Hz). There are two special exceptions

tn thic ganaral rmilae

LU uun 5u11u1a1 11Ul

. The seismic capacity spectrum needs only to envelop the SDS for frequencies at and above
the conservatively estimated lowest natural frequency of the item of equipment being
avalnated
WV alLudaivu
Caution should be exercised when using this exception because an equipment assembly
(e.g., electrical cabinet lineup) may consist of many subassemblies, each manifesting its
fundamental mode of vibration at different frequencies. The lowest natural frequency of
each subassembly should be determined with high confidence using the guidance provided
below in Section 5.4.3. It is noted that unless the equipment is tested with a high-level
vibratory input, the fundamental frequency can be difficult to estimate, especially for
cO eXx structural eaquinment,
complex structural equipment.

. Narrow peaks in the SDS may exceed the seismic capacity response spectrum if the average
ratio of the SDS to the capacity spectrum does not exceed unity when computed over a
frequency range of 10% of the peak frequency (e.g., 0.8 Hz range at 8 Hz). Note that it is
permissible to use unbroadened SDS for this comparison, however when doing so
uncertamtv in the natural frequency of the bulldlng structure should be addressed h

shifting the frequency of the SDS at these peaks. An acceptable method of peak shifti ting is
described in ASCE 4 (Ref. 74). A reference or basis for estabhshmg the degree of
uncertainty in the natural frequencv of the building structure should be included in the
facility-specific seismic evaluation records.

If either of these exceptions are used, the Screening Evaluation Work Sheets (SEWS) should be
marked to indicate the exception that has been invoked.

5.4.3 Lowest Natural Frequency$

When it is necessary to determine the lowest natural frequency of an item of equipment, the SCEs
may, in most cases, estimate a lower bound for this frequency based on their experience,
Jjudgment, and available data. Methods for frequency estimation are provided in Reference 77.
The lowest natural frequency of concern is that of the lowest natural mode of vibration that could
adversely affect the safety function of the equipment. The modes of vibration which should be
considered are:

. The overall structural modes of the equipment itself and

. The modes for internal structures (e.g., flexural mode for door panels) which support
components needed to accomplish the safety function of the equipment.

. The modes of devices which are needed to accomplish the safety function of the equipment.
A value of 5 Hertz is recommended and higher values should be appropriately justified.

In addition, the SCEs should also be alert and note any items of concern within the ° box which
could be seismically vuinerable. This would inciude components mounted in the "box" which
have known low natural frequencies, seismic vulnerabilities, or improper mounting (e.g., Ioose or
7 Based on Section 4.2 of SQUG GIP (Ref. 1)

8 Based on Section 4.2 of SQUG GIP (Ref. 1)
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6. ANCHORAGE DATA AND EVALUATION PROCEDURE
6.1 INTRODUCTION!

The purpose of this chapter is to:

. Provide a general description of the anchorage evaluation procedure,

. Provide generic information on the various equipment classes for use in anchorage
evaluations,

. Provide nominal allowable capacities for certain types of anchors, and

. Describe anchor-specific inspection checks and capacity reduction factors.

The four main steps for evaluating the seismic adequacy of equipment anchorage include:

I. Anchorage Instaiiation Inspection (Section 6.2)

2. Anchorage Capacity Determination (Section 6.3)

3. Seismic Demand Determination (Section 6.4)

A Lt Lt s TN 2 7% P P-4

4. Comparison of Capacity to Demand (Section 6.5)

g o PRy R IR IR U PN o M PR, | RV 1 3 421 N oo

This chapter is organized with an evaluation of the installation adequacy and attributes of the
anchorage given first. Next, the anchorage capacity is determined in Sections 6.3.1 to 6.3.9 and
the steps in the capacity determination are grouped by the following anchor types:

Tyvnancinn Annhnnee
CXpaiisSion AnCnors

Cast-In-Place Bolts and Headed Studs

Cact Tn_Dlacra T_RAltc
L ADLTLLIITL 1ALU JTDULLW

Grouted-In-Place Bolts
The following two other anchor types are evaluated using separate procedures in Section 6.3.10:

Welds to Embedded Steel or Exposed Steel

Section 6.3 contains the main steps in the procedure for evaluating the seismic capacity of
equipment anchorage. The sections contain a table of nominal allowable load capacities along with
anchor-specific inspections which should be performed. In some cases a capacity reduction factor
is given which may be used to lower the nominal allowable load capacities if the inspection check
reveals that the installati i i

)
[
[
)
L
o
|
I
I

Section 6.4 contains generic equipment characteristics for anchorage demand evaluations for use
when equipment-specific data is not available for equipment mass, natural frequency, or damping.
In addition, an approximate technique for scaling in-structure response spectra by their damping
ratios is provided.

1" Based on Sections C-Introduction and 4.4 of SQUG GIP (Ref. 1)
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trade-offs and others are discussed in this chapter.

This chapter describes the main steps for evaluating the seismic adequacy of anchorage. In some
cases, specific inspection checks and evaluations apply to only certain types of anchors. Section
13.2 describes Screening and Evaluation Work Sheets (SEWS) which can be used as checklists to
evaluate that all the appropriate steps in the anchorage evaluation procedure have been completed.

It is not necessary to perform an anchorage evaluation for in-line valves which are discussed in
Sections 8.2.1 and 8.2.2. Likewise temperature sensors, which are discussed in Section 8.1.10,
are relatively light, normally attached to another piece of equipment, and do not need an anchorage
evaluation.

6.2 ANCHORAGE INSTALLATION INSPECTION

6.2.1 Installation Adequacy and Attributes?

To evaluate the seismic adequacy of anchorage, the anchorage installation and its connection to the
base of the equipment should be checked. This inspection consists of visual checks and
measurements along with a review of facility documentation and drawings where necessary. All
accessible anchorage should be visually inspected. All practicable means should be tried to inspect
inaccessible anchorage or those obstructed from view if they are needed for strength to secure the
item of equipment or if they secure equipment housing essential relays (to avoid impact or
excessive cabinet motion). For example, it is not considered practicable to resort to equipment
disassembly or removal to inspect inaccessible anchorage. The basis for the engineering judgment
for not performing these inspections shouid be documented.

2 Based on Section 4.4.1 of SQUG
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* Type of Anchorage (see Sections 6.3.1 and 6.3.2)

* Equipment Base Strength and Structural Load Path (see Section 6.2.5)

* Embedment Steel and Pads (see Section 6.2.6)

* Embedment Length (see Section 6.3.3)

* Gap at Threaded Anchors (see Section 6.2.3)

* Spacing Between Anchors (see Section 6.3.4)

* Edge Distance (see Section 6.3.5)

* Concrete Strength and Condition (see Section 6.3.6)

* Concrete Crack Locations and Sizes (see Section 6.3.7)
» Essential Relays in Cabinets (see Section 6.3.8)

* Installation Adequacy (see Section 6.3.9.1)

Not ail of these attributes are applicable to all types of anchors. General guidelines for performing
the checks are provided in the sections provided in the list. Engineering judgment should be
exercised when making these checks. For example, it is not necessary to measure the spacing
between anchor bolts if it is obvious they are much farther apart than the minimum spacing
guidelines.
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Reference 78.

L =

relays. Gaps beneath the base of this equipment are not allowed since they have the potential for
opening and closing during earthquake load reversals. This may create high frequency impact
loadings on the equipment and any essential relays mounted therein could chatter.

There should be no gap at the bolt or stud anchor locations for equipment containing essential

The gap size can be checked by performing a visual inspection; a detailed measurement of the gap
size is not necessary. The check for the presence of essential relays in equipment can be done in
conjunction with the Relay Functionality Review described in Chapter 11.

6.2.4 Base Stiffness and Prying Action’

The base and anchorage load path of the equipment should be inspected to confirm that there is
adequate stiffness and there is no significant prying action applied to the anchors. One special case
of base flexibility is base vibration isolation systems. Guidelines for evaluating base vibration
isolators are included at the end of this section.

There are two main concerns with the lack of adequate stiffness in the anchorage and load path.
First, the natural frequency of the item of equipment could be lowered into the frequency range
where dynamic earthquake loadings are higher. Second, the cabinet could lift up off the floor
during an earthquake resulting in high frequency impact loadings on the equipment, and any
essential relays mounted therein could chatter.

Prying action can result from eccentric loads within the equipment itseif and between the equipment
and the anchors. The concern is that these prying actions can result in a lack of adequate stiffness
and strength and in additional moment loadings within the equipment or on the anchors.

o

Based on Section 4.4.1 - Check 3 of SQ}J_(_} (_}H’ (Ref. 1)

Based on Section 4.4.1 - Check 6 of SQUG GIP (Ref. 1)
Based on Section 4.4.1 - Check 12 of SQUG GIiP (Ref. i)
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Thin framing members and clip angles may lack the strength and stiffness required to transfer loads
to anchor bolts. Stiff load paths with little eccentricity are preferable for anchorage. Equipment
constructed of sheet metal, such as motor control centers, switchgear, and instrumentation and
control cabinets, is susceptible to these effects and should be carefully inspected for lack of
stiffness and prying action. Figure 6.2-2 shows examples of stiff and excessively flexible
anchorage connections with prying action. In Example "A" of this figure, the thin sheet metal may
easily bend during uplift of the cabinet. )

This unacceptable condition may be corrected by welding the outside edge of the cabinet base to the
embedded steel as shown in Example "C". Care should be taken during welding to avoid burning
through the thin sheet metal frame of the cabinet. Example "B" shows a thin sheet metal base
which can also easily bend during uplift. This unacceptable condition may be corrected by adding
a thick metal plate under the nut of the anchor bolt so that the effective thickness and size of the
base is similar to the bottom leg of the structural angle shown in Example "D". Note that the
prying effect of the eccentric load on the anchor bolt in Example "D" should be considered.
Likewise, if the weld in Example "C" is actually nearer the edge of the embedded plate rather than
at the center as shown, then prying and/or bending will be present in the embedded plate. Thin
cabinet bases should be reinforced with angle traming so that seismic loads may be transferred to
anchor points. In addition, oversized washers are required when anchors are bolted directly
through thin sheet metal bases.

Heavy components that are mounted on upright channel sections may rely on weak-way bending
of the channel to transfer shear loads to the anchorage. Unstiffened, light-gage channeis may not
have sufficient strength to handle this load transfer.

action require considerable engineering
the anchorage instaliation. SCEs should aiso
ath of the equipment for adequate stiffness.
ea ale . QYT L LT al 2
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For a base vibration isolator system to be acceptable for seismic loads, the isolator system should
have a complete set of bumpers to prevent excessive lateral movement in all directions. The
bumpers should not only prevent any excessive lateral movement and torsion, but a positive
method of resisting uplift should also be provided other than the springs themselves, or the rubber
or adhesives in tension. If the bumpers do not have elastomeric pads to prevent hard impact, the

S 1

effect of that impact on the equipment should be evaluated. (Notlé; Essential relays should not be
mounted in such equipment.) Isolators which were specifically designed for seismic applications
(not cast iron, unbraced springs, weak elastomers, etc.) may be accepted, provided suitable check
calculations determine that all possible load combinations and eccentricities within the isolator
itself, including possible impact loads, can be taken by the isolator system.
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6.2.5  Equipment Base Strength and Structural L.oad Path®

The equipment base and structural load path should be checked to confirm that it has adequate
strength, stiffness, and ductility to transmit the seismic loads from the center of gravity of the
equipment to the anchorage. Several connections and support members may need to be checked in
the evaluation to confirm that the weak link in the load path is addressed, e.g., the channel or stud
embedment, the weld between the embedded steel and the cabinet base, and the connection bolts
between the base of the equipment and its frame members. Friction connections, such as
holddown clips, often pry off or completely slip out-of-place during seismic loading and become
completely ineffective. Adequate anchorage requires positive connection. '

This check should include such items as whether a washer is present under the nut or the head of
the bolt, and if not present, whether one is necessary. A washer is not necessary if the base of the
equipment is at least as thick as a standard washer with a hole no larger than the hole in a standard
washer. Another item to check is whether the internal bolting and welds near the base of the
equipment can carry the anchorage loads.

One example of inadequate strength in the equipment base was demonstrated during a shake table
test of a motor control center in which aii four corners of the assembly broke loose. The weld
between the base channel and the shake table remained intact; however, the small 5/16-inch bolited
connections between the base channel and the frame of the assembiy broke. The check for
dequate strength in the equipment base can be done by a visual inspection of the anchorage

P, s ceosal

installation. This check should be done in conjunction with Section 6.2.4.
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generally acceptéd engineering principles. Engineering ju
conservative estimate of the concrete failure surface for outlier resolut these other types
embedments. Manufacturer's test information or facility specific test information may be use
the outlier resolution of other types of embedments as appropriate. Factors of safety consistent
with this procedure should be followed. Guidance on resolving anchorage outliers is provided in
Reference 78.
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6 Based on Section 4.4.1 - Check 13 of SQUG GIP (Ref. 1)
7 Based on Section 4.4.1 - Check 14 of SQUG GIP (Ref. 1)
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Figure 6.2-2 Examples of Stiff and Excessively Flexible Anchorage Connections

(Reference 19) (Figure 4-6 of SQUG GIP, Reference 1)
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RS; Reduction factor for closely Spaced anchors
expansion anchors Section 6.3.4.1
cast-in-place bolts and headed studs Section 6.3.4.2
cast-in-place J-bolts Section 6.3.4.3
grouted-in-place bolts Section 6.3.4.4
RE, Reduction factor for near Edge anchors
expansion anchors Section 6.3.5.1
cast-in-place bolts and headed studs Section 6.3.5.2
cast-in-place J-bolts Section 6.3.5.3
grouted-in-place bolts Section 6.3.5.4
RF, Reduction factor for low strength concrete
expansion anchors Section 6.3.6.1
cast-in-place bolts and headed studs Section 6.3.6.2
cast-in-place J-bolts Section 6.3.6.3
grouted-in-place bolts Section 6.3.6.4
RRg Reduction factor for expansion anchors securing equipment with
essential Relays
expansion anchors Section 6.3.8
RI Reduction factor for reduced Inspection procedure

expansion anchors

Section 6.3.9.2

Note that the pullout and shear capacities for anchors given above are based on havmg adequate
stiffness in the base of the equ1pment and on not applymg significant prymg action to the anchor.
If Section 6.2 shows that stiffness is not adequate or that significant prying action is applied to the
anchors, then the SCEs should Iower the allowable capacity loads accordingly.
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63.1 T!lE f Anch gc and Nominal Allowable C: 8 ities”
It is important to identify which of these types of anchorage is used in an installation since these
anchorage have different capacities and different installation parameters which should be checked
during the inspection. The following four types of anchorage are covered in Sections 6.3.1 to
A 20O
o7
1 Expansion Anchors - Shell and Nonshell Types
2. Cast-In-Place Bolts and Headed Studs
3 Cast-In-Place J-Bolts
4 Grouted-In-Place Bolts
Welds to embedded steel or exposed steel and lead cinch anchors are covered individually in
Section 6.3.10. If any other type of anchorage is used to secure an item of equipment besides the
four covered in this section and the other two covered in subsequent sections, the anchorage for
that piece of eq 1p ent shot ld be classified as an outlier and evaluated further in Chapter 12 or

In most cases, it will be necessary to use facility drawings, specifications, general notes, purc
records, manufacturer’s data, or other such documents to 1dent1fv the type of anchorz ige used for
an item of equipment. Welds to embedded steel can be dlstmzulshed from bolted anchorag age
without using drawmgs however, concrete drawings will still be needed to check the embedment
details of the steel. It is not necessary to have spe01ﬁc documented evidence for each item of
equipment installed in the facility; i.e., it is perrmss1ble to rely upon generic installation drawings
or spe01ﬁcat10ns SO long as the SCEs have hlgh confidence as to anchorage type and method of
installation and remain alert for subtle differences in anchorage installations dunng the in-facility
inspections. The SCEs should visually inspect the anchorage to check that the actual installation
appears to be the same as that specified on the drawing or installation specification. If documents
are not available to identify the type of bolted anchorage used for an installation, more detailed
inspections should be done to develop a basis for the type of anchorage used and its adequacy.

For expansion anchors, it is important to identify the specific make and model of expansion anchor
since there is considerable variance in seismic performance characteristics for different expansion
anchor types. The makes and models of expansion anchors covered by this procedure are listed in
Section 6.3.2 along with appropriate capacity reduction factors. Properly designed, deeply
embedded cast-in-place headed studs and J-bolts have desirable performance since the failure mode
is ductile, or steel governs. Well-designed and detailed welded connections to embedded plates or
structural steel can provide a high-capacity anchorage. Special consideration should be given to
grouted—m-place anchors since capacny is mghly dependent on the installation practice used. If the
grout shrinks any measurable amount, the anchor may have no tensile capacity.

P

9 Based on Section 4.4.1 - Check 2 of SQUG



6.3.1.1 Expansion Anchors!?

The nominal allowable load capacities which can be used for the types of expansion anchors
covered by this procedure (i.e., those listed in Section 6.3.2) are given in Table 6.3-1 below.

Table 6.3-1 Nominal Allowable Capacities for Expansion Anchors
(f, > 4000 psi for Pullout and f, > 3500 psi for Shear)!
(Table C.2-1 of SQUG GIP, Ref. 1)
Bolt/Stud {ljullﬁut FShﬂar Minimum Min. Edge
Diameter Capacity Capacity 2
D.in) | Prom Kip) | (Vooms kip) | SPPcinE) | Disanee’
min?
3/8 1.46 1.42 3.75 3.75
172 2.29 2.38 5.00 5.00
5/8 3.17 3.79 6.25 6.25
3/4 4.69 5.48 7.50 7.50
7/8 6.09 7.70 8.75 8.75
| 6.95 9.53 10.00 10.00

1 The pullout and shear capacities shown here are for the expansion anchor
types included in Section 6.3.2 installed in sound, uncracked concrete (i.e.,
no cracks passing through the anchor bolt installation) with a compressive

a4 . o~

strength (f¢) of at least 4000 psi for pullout and 3500 psi for shear.

2 Minimum spacings and edge distances are measured from bolt center to bolt
center or concrete edge. Smaller spacings and edge distances less than the
minimums given here can be used with the reduction factors given in
Sections 6.3.4.1 and 6.3.5.1.

10 Based on Section C.2.1 of SQUG GIP (Ref. 1)
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and Headed Studs (f, 23500psi)! (Table C.3-1 of SQUG GIP, Ref. 1)
Bolt/Stud Pullout Shear Minimum Minimum Min. Edge
Diameter Capacity Capacity Embedment? Spacing® Distance’
(D, in.) (Prom- kip) (Vom- Kip) (L. in) (S_. . in) (E_. in)
\A~mins ~ties \~Vmins iii.) Umins 111.)
3/8 ) 3.74 - 1.87 3-3/4 4-3/4 3-3/8
1/2 6.66 3.33 5 6-1/4 4-3/8
5/8 10.44 5.22 6-1/4 7-7/8 5-172
3/4 15.03 7.51 7-1/2 9-1/2 6-5/8
7/8 20.44 10.22 8-3/4 11 7-3/4
| 26.69 13.35 10 12-5/8 8-3/4
1-1/8 33.80 16.90 11-1/4 14-1/4 9-7/8
1-1/4 41.72 20.86 12-1/2 15-3/4 11
1-3/8 50.40 25.25 13-3/4 17-3/8 12-1/8
1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or
equivalent strength bolts installed in sound, uncracked concrete (i.e., no cracks
passing through the anchor bolt installation) with a compressive strength of 3500 psi
or greater. For bolt capacities in lower strength concrete see Section 6.3.6.2. For
bolt capacities in cracked concrete see Section 6.3.7.2
2 See Figure 6.3-1 for definition of embedment length (). Smaller embedments than
the minimum given here can be used with the reduction factor given in Section
6.3.3.2
3 Minimum spacings and edge distances are measured from bolt center to bolt center or
concrete edge. Spacings and edge distances less than the minimums given here can
be used with the reduction factors given in Sections 6.3.4.2 and 6.3.5.2.
11 Based on Section C.3.1 of SQUG GIP (Ref. 1)




6.3.1.3 Cast-in-Place J-Bolts!?

The nominal allowable load capacities which can be used for cast-in-place J-bolts are listed in Table

6.3-3 below. The term J-bolt refers to a plain steel bar with a hook formed at the embedded end

and threaded at the other end. An embedded bar can be considered as a J-bolt only if it has a hook
on the embedded end meeting the minimum dimensions shown in Figure 6.3-2.

N W NP NFax

Table 6.3-3 Nominal Allowable Capacities for Cast-In-Place
J-Rolts (f. >3500psi)! (Table C.4-1 of SQUG GIP, Ref.

\Eg &9V AL

Minimum
N o ~ Embedment?2 o Minimum
_ Bar Pullout _Shear (Linin, in.) Minimum Edge
Diameter | Capacity | Capacity 180°  9Q° Spacing3 Distance3
(D, 1n.) (Pnom, K1p) | (Vnom. K1p) Hook Hook (Smln, n.) (Emin, in.)
3/8 3.74 1.87 16 20-1/2 1-1/8 3-3/8
172 6.66 3.33 21-1/4 27-1/4 1-172 4-3/8
5/8 10.44 5.22 26-5/8 34-1/8 1-7/8 5-1/2
3/4 15.03 7.51 31-7/8 40-7/8 2-1/4 6-5/8
7/8 20.44 10.22 37-1/4 47-3/4 2-5/8 7-3/4
1 26.69 13.35 42-1/2 54-172 3 8-3/4
1-1/8 33.80 16.90 47-7/8 61-3/8 3-3/8 9-7/8
1-1/4 41.72 20.86 53-1/8 68-1/8 3-3/4 11
1-3/8 50.40 25.25 58-1/2 75 4-1/8 12-1/8

1 The pullout and shear capacities shown here are from J-Bolts installed in sound,

uncracked concrete with a compressive strength (fc) of at least 3500 psi.

Spacing and edge distance are measured from the center of the bolt(s).

12 Based on Section C.4.1 of SQUG GIP (Ref. 1)
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Shear
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(Vnom: kip)
1.87
3.33

5.22
7.51
10.22
13.35
16.90

0.37
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1.04
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1 The pullout and shear capacities shown here are for ASTM A-307 (Ref. 79) or equivalent
strength bolts installed in sound, uncracked concrete (i.e., no cracks passing throth the
anchor bolt installation) with a compressive strength of 3500 psi or greater For bolt
capacities in lower strength concrete see Section 6.3.6.3. For bolt capacities in cracked
concrete see Section 6.3.7.3.

2 The pullout capacities (Pnom) are based on not having used special installation practices (or
not knowing whether such practices were used). However, if installation procedures
similar to those in Reference 80 were used, then the pullout capacities for cast-in-place

bolts (Table 6.3-2) can be used in place of the values in this table.

3 See Figure 6.3-1 for definition of embedment length (L). Smaller embedments than the
minimum given here can be used with the reduction factor given in Section 6.3.3.4.

4 Minimum spacings and edge distances are measured from bolt center to bolt center or

concrete edge bpacmgs and edge distances less than the minimums given here can be used
with the reduction factors given in Sections 6.3.4.4 and 6.3.5.4.
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Note that expansion anchors should generally not be used for securing vibratory equipment, such
as pumps and air compressors. Expansion anchors used for vibrating equi

expansion anchors should be loaded primarily in shear with very little pullout load. If a component
which is secured with expansion anchors, has been in service for a long time and its expansion
anchors remain tightly set, then this is a reasonable basis for ensuring installation adequacy. It is
generally recommended that if expansion anchors need to be used for vibrating equipment, then the
undercut-type of expansion anchors should be installed.

The specific manufacturers and product names of expansion anchors covered by this procedure are
listed in Table 6.3-5 below. This table also lists capacity reduction factors (RT;, for pullout and

RT for shear) which should be multiplied by the nominal pullout and shear capacities (P,
V___ ) given in Table 6.3-1.

JD 010 11 EA — e
RT, = RIy = Pullout (p) and shear (s) capacity reduction
Fantara Ffar trrima A Awrenman e ol O
iactors ior type of expansion anchor irom
Talla £ 2_&8
1avlc v.0-J

14 Based on Sections 4.1.1 - Check 2 and C.2.2 of SQUG GIP (Ref. 1) and information from Revision 3 of SQUG

£ 1M
GIP (Ref. 12)

avnls 100 £ 10
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Table 6.3-5 Type of Expansion Anchors Covered by this Procedure and
Associated Capacity Reduction Factors (Table C.2-2 of SQUG GIP, Ref. 1)

o B ‘Capacity Capacity
Manufacturer Product Name Type Reduction Reduction
Factors Factors

(RTp,) (RTy)

Drillco MaxiBolt Nonshell 1.0' 1.0'
Hilti Kwik-Bolt Nonshell 1.0 1.0°
HDI Shell 1.0 1.0°

Sleeve (3/8 inch) Nonsheii 0.5° 1.0°

Sleeve (1/2 to 5/8 inch) | Nonshell 0.75° 1.0

ITW/Ramset Dynaset Shell 1.0 1.0
Dynabolt Nonshell 0.75 0.75°

Trubolt Nonshell 0.75 0.75?

ITW/Ramset/ Multiset Drop-In Shell 1.0 1.0°
Redhead Self Drilling Shell 1.0 1.0°
Dynabolt Sleeve Nonshell 1.0 1.0°

Nondrill Shell 1.0 1.0

Stud Shell 0.75 0.75%

TRUBOLT Nonshell 0.75 0.75°

Molly Parasleeve Nonshell 1.0 1.0°
MDI Shell 1.0 1.0°

Parabolt Nonshell 0.75 0.75°

Phillips Self-Drilling Shell 1.0 1 .Of
Wedge Nonshell 1.0 1.0°

Sleeve Nonsheii 1.0 1.0°

Multi-Set Shell 1.0 1.0°

Stud Shell 1.0 1.0°

Non-Drilling Shell 1.0 1.0°

Rawl Drop-In Shell 1.0 1.0°
Stud Shell 0.75 0.757

Saber-Tooth Shell 0.75 0.75°

Bolt Nonshell 0.75 0.75°

Star Selfdrill Shell 0.75 0.75?
Steel Shell 0.75? 1.0°

Stud Shell 0.75° 0.75%

USE Diamond Sup-R-Drop Shell 1.0 1.0°
Sup-R-Stud Shell 1.0 1.0°

Sup-R-Sleeve Nonshell 1.0 1.0°

Sup-R-Dri Shell 0.75 0.75°

WEJ-IT Drop-In Shell 1.0 1 .Of
Sieeve Nonsheii 1.0 i.0

Wedge Nonshell 0.5° 0.75°

Stud Shell 0.75° 1.0°

Unknown Unknown (3/8 inch)> | Unknown 0.5% 0.75°
Unknown (> 3/8 inch)®* | Unknown 0.75° 0.75°

1 From Table C-2 of WSRC SEP-6 (Ref, 3)
2 From Table 6.3-5 of Revision 3 of SQUG GIP (Ref. 4), which is being reviewed by the NRC
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If the specific manufacturer and product name of an expansion anchor is not known, then a generic
capacity reduction factors as indicated below may be used:

RTp = 0.5 and RTg = 0.75 (for bolt diameter = 3/8 inch)

RTp =0.75 and RT = 0.75 (for bolt diameter 2 3/8 inch)
Note, however, that this generic capacity reduction factor may only be used for expansion anchors
made from carbon steel or better material. Concrete fasteners made from other materials or which
use fastening mechanisms which are different than that of expansion anchors should be identified
as outliers. This would include fasteners such as chemical anchors, plastic anchors, powder
actuated fasteners, and concrete screws. “Unknown” anchors should be examined to ensure that
they are not the WEJ-IT wedge anchor bolts, which can be distinguished from all other bolts by the
two vertical slots cut along opposite sides of the bolt, parallel to the longitudinal axis of the bolt
Guidance on resolving anchorage outliers is provided in Reference 78
In general, expansion anchors should not be used for securing vibratory equipment such as pumps
and air compressors. If such equipment is secured with expansion anchors, then there should be a
large margin between the pullout loads and the pullout capacities; i.e., the loads on these expansion

anchors should be primarily shear.
The principal differences between shell- and nonshell-type expansion anchors are explained below.

Shell-type expansion anchors are expanded into the concrete by application of a setting force
independent of the load later applied to the bolt or nut by the equipment being anchored. The key
feature of this type of expansion anchor is that it relies upon its initial preset for holding it in place.
Figure 6.3-3 shows the features of several types of shell-type expansion anchors.

Figure 6.3-3a shows a "Self-Drilling Type" of shell-type expansion anchor. This type of anchor is
set in place by driving the shell down over the cone expander which is resting against the bottom of
the hole.

Figure 6.3-3b shows a "Drop-In Type" which is set in place by driving a cone expander down
through the center of the shell thereby causing the lower portion of the shell to expand into the
concrete.

Figure 6.3-3c shows a "Phillips Stud Type" which is set in place by driving the stud down over
the cone expander which is resting against the bottom of the hole.

Nonshell-type expansion anchors are expanded into the concrete by pulling the stud up out of the
hole which causes a sleeve or a split ring to be forced into the concrete. The key feature of this
type of expansion anchor is that the more the stud is loaded in tension, the greater the expansion
setting force becomes. Figure 6.3-4 shows the features of two types of nonsheli-type expansion
anchors.

1 I {]

Figure 6.3-4a shows a "Sleeve Type" which is set in place by puiling the stud, with its integral

a . al_

cone expander on the bottom, up into the sleeve thereby forcing the iower split portion of the
sleeve into the concrete. The sleeve is held in place during this setting process by butting up
against the lower surface of the washer.

Figure 6.3-4b shows a "Wedge Type" which is set in place by puilling the stud, with its integral
cone expander on the bottom, up though a split ring. Note that the split ring relies on friction
against the concrete to stay in place during the setting operation

March 1997 6-21



Distinguishing characteristics of shell- and nonshell-type expansion anchors in their as-installed
condition are shown in Figure 6.3-5.

Figure 6.3-5a shows a nonshell-type expansion anchor in which the visible portion is characterized
by a smoothly cut or mechanically finished threaded stud with a nut holding the base of the
equipment in place.

Figure 6.3-5b shows the most common type of shell-type expansion anchor in which the visible
portion is characterized by a head of a bolt.

Figures 6.3-5c and 6.3-5d show other types of shell-type expansion anchors in which the visible
portion is characterized by a rough cut or a raised knob on the end of the threaded rod. Careful
1nspect10n is necessary to dlstlngulsh these two types of shell expansion anchors from the
nonsheli-type shown in Figure 6.3-5a.
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The embedment length of expansion anchors can be checked by confirming that the anchor is one
of the makes and models covered by this procedure and performing a visual inspection of the
a .

It is not necessary to perform an embedment length check of an expansion anchor if the anchorage
for that piece of equipment is robust, i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided in Section 6.3.9.2, Reduced Inspection Alternative. The embedment length for
anchor types other than expansion anchors can be determined from concrete installation drawings,
ultrasonic testing, or other appropriate means. -

6.3.3.1 Expansion Anchors!®

If the embedment is greater than the values given in Table 6.3-6, then a pullout capacity reduction
factor (RL,,) and a shear capacity reduction factor (RL,) should be multiplied by the nominal

) Py P PR S

RL, = RLy = Pullout (p) and shear (s) capacity reduction factors for
expansion anchors

= 1.0 for embedments greater than those listed in Table 6.3-6

QOutlier for embedments Iess than those listed in Table 6.3-6

(Note: This inspection check is not needed if the Reduced Inspection Aliernative is chosen, as
described in Section 6.3.5.2)

15" Based on Section 4.4.1 - Check 5 of SQUG GIP (Ref. 1)
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The manufacturer's recommended minimum embedments listed in Table 6.3-6 are from the
catalogs of each of the vendors as listed in Reference 41, page E-27. These are the most recent
catalogs available when Reference 41 was published. Expansion anchors with less than the
minimum embedment should be documented as outliers. Guidance for resolving anchorage

outliers is provided in Reference 78.

Table 6.3-6 Manufacturer’s Recommended Minimum Embedment
for Expansion Anchors Covered by this Procedure
(Table C.2-6 of SQUG GIP, Ref. 1)

Minimum Embedment (L) [in.]
Product Name for Bolt/Stud Diameter:

Manufacturer | (S=Shell, N=Nonshell) 38 1722 5/8 314 78 17
Hilti Kwik-Bolt (N) 1.63 225 275 325 -- 4.50
HDI (S) 1.56' 2.00 2.56' 3.19 - -
Sleeve (N) ‘ 1.50 2.00 2.00 -- -- -
ITW/Ramset Dynaset (S) 1.63 200 2.63 325 - --
Dynabolt (N) 200 225 225 - - -
Trubolt (N) 1.50 2.25 275 338 4.00 4.50
ITW/Ramset/ Multiset Drop-In (S) 1.63 200 250 3.19 -- -
Redhead Self Drilling (S) 1.53 203 247 325 -- -
Dynabolt Sieeve 1.88 2.00 225 - - -
Nondriil (S) .56 2.06 256 3.19 - --
Stud (S) 1.63 1.88 238 288 -- --
TRUBOLT (N) 1.50 225 275 3.25 375 4.50
Moily Parasleeve (N) 1.50' 2.00' 2,00 --! -- -
MDI (S) 1.56' 2.00 2.50' --! - --
Parabolt (N) 1.50 2.25 275" 3.25 4.00 4.50
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Table 6.3-6 (Continued)

Minimum Embedment (L) [in.]

Product Name for Bold/Stud Diameter:

Manufacturer | (S=Shell, N=Nonshell) 38 122 5/8° 3/47 78 17

Phillips Self-Drilling (S) 1.53 203 247 325 369 -
Wedge (N) 1.7 2,13 2.63 3.25 375 4.50

Sleeve (N) 1.88 200 225 -- -- --

Multi-Set (S) .38 175 225 250 - --

Stud (S) 1.63 1.88 238 288 -- --

Non-Drilling (S) 1.56 2.06 256 3.19 -- --

Rawl Drop-In (S) 1.88 238 3.00 3.50 -- -
Stud (S) 1.75 225 288 3.38 4.00 4.50

Saber Tooth (S) 1.53 2.03 247 325 3.69 --

Bolt (N) 200 250 275 3.00 -- --

Star Selfdrill (S) 1.53 2.03 247 325 369 --

Steel (S) 144 194 238 3.00 -- --

Stud (S) i.63 175 238 288 -- --

USE Diamond Sup-R-Drop (S) 1.56 200 253 319 - -
Sup-R-Stud (S) 216 281 331 425 472 5.56

Sup-R-Sleeve (N) 1.50' 2.00' 2.50' 3.00' -- -

Sup-R-Drill (S) 1.53 2.03 247 327 -- --

WEJ-IT Drop-In (S) 1.63 200 250 325 - --

Sleeve (N) 1.50 1.8 200 225 -- --
Wedge (N) 1.50 200 300 300 450 550
Stud (S) 1,75 2.13  3.63' 325 -- 4.50
'From Table 6.3-6 of Revision 3 of SQUG GIP (Ref. 4), which is bein g reviewed by the NRC
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These minimum embedments can be evaluated by performing the following inspection checks for
shell- and nonshell-type expansion anchors. Note that these checks should be performed after the
tightness check (Section 6.3.9) has been performed.

Shell-Type Expansion Anchors. The embedment length of shell-type expansion anchors is
predetermined by the length of the shell and how it is installed in the concrete. The appropriate
shell length is assured if the expansion anchor is one of the types listed in Table 6.3-6. An
appropriate installation is assured if the shell of these anchors does not protrude above the surface
of the concrete.

When making this embedment check, a check should also be made to confirm that the top of the
shell is not touching the bottom of the base plate of the item of equipment being anchored. This
check should be performed after the tightness check (Section 6.3.9) has been done. This will
assure that the expansion anchor is tight in the hole and not just tight up against the base of the
equipment.

If it is necessary to remove the boit or nut from the anchorage to make the above two checks, then
it is only necessary to spot check the embedment of a few anchors. If this spot check indicates that
these types of bolts may not be properly installed, then this inspection check should be expanded
accordingly. When re-installing the anchor, it should be re-tightened to a "wrench tight" condition

g I

or to the recommended tightness check torque values.

PN -~ e RPN, PUR, iy Lg 0 MR M IR e a0 111 . M H .
Nonshell-Type Expansion Anchors. The embedment length of nonsheli-type expansion anchors is
PURGTRS P Iy SR | FL T RS R oy Py R I VL .Sy | DR S (7, S S 7 TR s

redetermined by the lengih of the stud and the installation of the anchor. The appropriate overail
| ROV Ry AN A | PN, PR DU PR U PR Sy P PR NSURIY APy SCRIRIL PSS [J . DL ARSI L TR ol |
ICTIgt OI NONSNeii Studas 1S acpenacin upoi ue manuraclurer, ine modaci, and tne tmnickness o1 the
et am e acn mlata Faw sorhinle ¢lan nemnlama 20 Aanl cee o alkl. £ S s oo PR
equipiient base piate ior wnich tne aicnor 18 aecsig ed. Table 6.3-7, below, can be used as a
A Aanina Gmnanns Fas acoAcQTm e 1Yy atlhnw o mnmolhall Avremnaaaiaee gamale Lo S LT
SCLCLIU >l fUJ. AdOUTIHIILE Wh tll 1 d 1101151IC11 ©. Pd.ll y 1011 AlICIIOT h S ¢ d qualc [+ t CdIIl L. A
panman fF meniantinne jo givan tn Tahla £ 2 7 ainna thans are Aiffamamnac Sm nmmambalida s e
iaiigc O1 prUjCeCuoiid 1> givell il 1auic 0.0~/ SHICC UICIC diC aitiCICicCes il aCCepilani€ projecuons
depending upon the make and model of the anchor. If a nonshell stud projects more than the lower
value of this range, then anchor-specific information should be used to determine the embedment
lanoth nf tha annrhnr
l\ullsl—ll Ul uiv aliviiul

Table 6.3-7 Maximum Stud Projections Above Concrete for Nonshell-Type
.
Expansion Anchors (Table C.2-7 of SQUG GIP, Ref. 1)
Stud Maximum Stud
Diameter Projections
Above Concrete
1 (in )
(in.) (in.)
3/8 1/2 -3/4
1/2 1/2 - 3/4
5/8 172 -7/8
TIQ 1 1M
3/4 1o~ 1 1li&
710 1 11N s}
1710 1 1/4 - 4
1 1 1IN ~
1 1 1/4-4
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Note that careful evaluation is needed when checking the projections since larger projections than
those given above may be needed if the base plate is relatlvelv thick or if, at the time of installation
in the fa0111ty, a partlcular bolt length may not have been available. Also, for bolts made by some
manufacturers, the bolt projections may be larger than those given in the above table even for their
shortest bolts. Thus, while this check need only be visual, a careful evaluation should be made to
determine whether the stud projection is reasonable, given the bolt diameter, base plate thickness,
and whether a grout pad is used. When projections are larger than those given in Table 6.3-7,
adequate embedment should be evaluated by consulting design and construction documents and
vendor catalogs. Alternately, ultrasonic inspection techniques may be used to compare the
measured bolt/stud length to the manufacturer's recommended minimum embedment given in Table
6.3-6.

This embedment check should be performed on wedge- and sleeve-type nonshell expansion
anchors after the tightness check (Section 6.3.9) has been done. This is to ensure that the tightness
check does not pull the expansion anchor partially out of the hole beyond the required minimum
embedment.

For bolts with deeper embedments than the minimum values given in Table 6.3-6, manufacturer's
catalog data may be used, if it is available, to establish the nominal allowable capacities instead of
those glven in Table 6.3-1. As an alternative, Iacmty specmc testmg may be performed to
establish the strengtn of the more aeeply embedded expansion anchors. Guidance for resolving
anchorage outliers is provided in Reference 78.

6.3.3.2 C(Cast-in-Place Bolts and Headed Studs!”?

The nominal pullout and shear capacities (P, V,om) given in Tabie 6.3-2 are based on the
assumption that the embedment length is sufficiently long to preclude failure in the concrete. The
minimum embedments (L;,) given in Tabie 6.3-2 are equal to 10 times the bolt diameter (D).
Figure 6.3-1 shows the embedment length (L) for a cast-in-place bolt and a headed stud.

The embedment length should be evaluated by consulting existing drawings to ensure that the
actual embedment length (L) is more than the minimum (L,;,). If the construction drawings are
not available, ultrasonic means or other appropriate methods may be used to evaluate the actual
embedments.

If the embedment length (L) is less than the minimum value (L;,) given in Table 6.3-2, then a

pullout capacity reduction factor (RL ) and a shear capacity reduction factor (RL,) should be

multiplied by the nominal pullout and shear capacities (P, Viom) given in Table 6.3-2.

RL, =RL, = Pullout (p) and shear (s) capacity reduction factors for cast-in-place
anshare vrith challac oot

= 1.0 for L= 10D
(L+ D)L
= 2 —7- for 4D <L < 10D and L > 3 inches
(Lmin + D) Lin
= Qutlier for L < Greater of: 4D or 3 inches

17" Based on Section C.3.2 of SQUG GIP (Ref. 1)
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L = Length of anchor embedment per Figure 6.3-1
min = Minimum length of anchor embedment from Table 6.3-2

D = Diameter of anchor bolt/stud

6.3.3.3 Cast-in-Place J-Bolts!8

The nominal pullout capacities (Py,,) given in Table 6.3-3 are based on the assumption that the

If the embedment length (L) is less than the minimum value (L, ), then a pullout capacity
reduction factor (RL,)) should be multiplied by the nominal pullout capacity (P,.,). A capacity
vradizAtinm Fontne Fae chane 130 At mandad qtana Thalén Aazralaee ¢la i, £ P R <
reduction factor for shear is not needed since J-bolts devel p their full shear str gth even when
the embedment is so small that the J-bolt becomes an outlier due to insufficient embedment for
pullout (at L = 16D). Guidance for resolving anchorage outliers is provided in Reference 78.
RL, = Pullout capacity reduction factor for cast-in-place J-bolts
_ 1 N f"“ T ST
= 1.V 1 1, = ‘-‘mln
L + 20D
= for 180° hook whenL_. > L > 16D
62 5D et j_lmln R o AULS
— L + 8D Lo..ONO0 L1 __ 1L _ T T oSN, 12T
= 1or 5U° hook when L., > L 2 16D
62.5D
= Outli rL < 16D

For grouted-in-place bolts having embedments which are less than the minimum values given in
6.3.3.2 for cast-in-place bolts may be

Table 6.3-4, the capacity reduction factors given in Section 6 c
used to reduce the nominal pullout and shear capacities given in Table 6.3-4.

18" Based on Section C.4.2 of SQUG GIP (Ref. 1)
19 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.4  Spacing Between Anchors?0

The spacing from an anchor to each nearby anchor should be checked to confirm that it meets the
minimum value so that nominal allowable anchor capacities can be used. A capacity reduction
factor can be used when bolt-to-bolt spacing is less than the minimum specified value. Minimum
spacings and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these spacing guidelines are based primarily on anchor capacity test
results. The pullout capacity of cast-in-place anchors and headed studs is based on the shear cone
theory. The minimum spacings are for distances between adjacent anchors in which the shear
cones of the anchors overlap slightly, reducing the projected shear cone area for each anchor by
about 13%. These minimum spacings are for anchors with the minimum embedment. Greater
spacings are necessary to develop the full pullout capacities of deeply embedded anchors if higher
capa01ty values are used. About 10 bolt diameter spacing is required to gain full capacity in
expansion and cast-in-place anchors.

The shear capa01ty of anchors is not affected as 51gn1hcantly as tension capa01ty by closely-spaced
anchors. Recommended minimum spacmgs for shear loads are glven along with the
corresponding capacity reduction factors for closely-spaced anchors.

For clusters of ciosely-spaced anchors, a capacity reduction factor shouid be applied to an anchor
for every other nearby anchor. For example, if there are three anchors in a line and all are closer
than the minimum spacing, then the center anchor shouid have two reduction factors applied to its
nominal capacity allowable and the outside anchors should have only one reduction factor applied.

1 . . L.

1d be made from anchor centerune to anchor

7o
o
&
=
'~<

= for 10D >S 25D

r SD>S82>2.5D

'—h
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= Qutiier for S <2.5D
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=
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20 Based on Section 4.4.1 - Check 7 of SQUG GIP (Ref., 1)

21 Based on Sectlon C.2.5 of SQUG GIP (Ref. 1)
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—-— in1atae Af nnnlhoe bl lotas 2
D = Diameter of anchor bolt/stud
—_ i rintinn Fantee Fan Alacals; qmanaAd
RS, = Shear capacity reduction factor for closely spaced
~srinmiaCemin A a s A
€Xpansion ancnors
1 N £ N AT
= 1.V 10I O = 2D
— n < Lnae © - AT
= V.o 101 O < 4L
11 ntinm Fantar chatild laa ameliad FAae ann | PN, 0 MUy AU, s ST IR SURPT I .
A reduction factor should be applied for each nearby anchor, whether it is another €xpansion
3 - a2 gnaninge I given akhntre arae Aafiaad fn farmaa -
anchor or a different type of anchor. The spacings (S) given above are defined in terms of
1 manorirad Fenma ol mnat o s g A
multiples of the anchor bolt/stud diameter (D), measured from anchor centerline to centerline.
6.3.4.2 Cast-in-Place Bolts and Headed Studs??
If the spacing (S) between a cast-in-place anchor and another anchor is less than the minimum
value (Syin) given in Table 6.3-2, then a pullout capacity reduction factor (RS,) and a shear
nntaniter wadirntiae Fantmn MO Y ol Tl 3 Tam cnnaalean 2 0 T Lo, a1 1T 1 1 LR
capacity reauction 1actor (RSg) should be multiplied by the nominal puliout and shear capacities
ST T AN . m bi 6 ~ 2
(Prom> Vnom) given in Table 6.3-2.

Note that a reduction factor shoulgi be _applig:_d for each_ nearby anchor, whether it is another cast-in-
place anchor or a different type of anchor. For example, for 4 bolts in a line, the interior bolts
would be subject to 2 reductions, while the exterior bolts would be subject to only one reduction.

Note that if there are 5 or more cast-in-place anchors in a cluster which are spaced closer together
than the minimum (S,;,) as defined in Tabie 6.3-2, then the puiiout capacity reduction factor (RS,)
cannot be used and the anchors in that cluster should instead be identified as outliers. ’

RS, = Pullout capacity reduction factor for closely spaced cast-in-
_ place anchors
= 1.0 for S =S,
As red
As,nom
= Outlier where there are 5 or more cast-in-place anchors in a cluster

in which S < S_ ;.

S = Spacing from the bolt being evaluated to an adjacent bolt
measured center-to-center

Spin = Minimum spacing to develop full pullout strength from
Table 6.3-2

T TN T

ased on Section C.3.3 of SQUG GIP (Ref. 1)

o2

._
S
(]
=
-l
)
O
A
*
(F'%)
S



Agnom =

NTnamntan n b oama 2o ~n T o PRI, Py, U T

Nominal projected area of the nunovcnapplng shear cone
of a s1ng1e boit located at the minimum spacing distance
(Spin) from Table 6.3-8. The values of Ag ;o given in
Table 6.3-8 are about 13 percent less than the full,
geometric shear cone projected area.

Ta 'e_: 6.3-8 Nonoverlappmg Projected Shear Cone Areas for Bolts Meeting

Minimum Spacing Requirements (Table C.3-2 of SQUG GIP, Ref. 1)

Bolt Nonoverlapping
Diameter Shear Cone Area
(D, In.) (As,nom- in.2)
3/8 41.9
1/2 74.1
5/8 116.0
3/4 167.4
7/8 227.2
1 297.3
1-1/8 376.7
1-1/4 464.1
1-3/8 562.2
Agrea= Reduced projected area of the nonoverlapping shear cone
of a single bolt located less than the minimum spacing
{(Smin) from another boit. The values of Ag .jare
calculated from the following equation:
w2 - M2 gan(8)
nr ——II' U—T bllll'—”
21 \2/]
27T o+ M
L, T L/
r = -
2
af S ]
8 = 2 cos!| |
2L + D]
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6.3.5  Edge Distance?

The distance from an anchor to a free edge of concrete should be checked to confirm that it meets
the minimum value so that the nominal allowable anchor capacities can be used. A capacity
reduction factor can be used for an anchor which is closer to an edge than the minimum. Minimum
edge distances and reduction factors are given for each type of anchor covered in this procedure.

For expansion anchors, these edge distance guidelines are based primarily on anchor capacity test
results. Full pullout and shear capacity can be developed for cast-in-place anchors and headed
studs which are no closer to a free edge than the radius of the projected shear cone. The minimum
edge distances correspond to the shear cone just touching the free edge of concrete at the surface
(no credit is taken for concrete reinforcement). These minimum edge distances apply to anchors
with the minimum embedment. Greater edge distances are necessary to develop the full pullout
capacities of deeply embedded anchors if higher capacities are used. About 10 bolt diameter edge
distance is required to gain full capacity of expansion anchors.

When an anchor is near more than one free concrete edge, a capacity reduction factor should be
applled for each nearby edge For example if an anchor is near a corner, then two reduction
factors apply. The edge distances can be checked in the field by a visual inspection and, if
necessary, the edge distances can be measured. Measurements should be made from anchor
centerline to the free edge.

6.3.5.1 Expansion Anchors?

If the distance (E) from an expansion anchor to a free edge of concrete is less than the minimum
value (E,;,) given in Table 6.3-1, then a pullout capacity reduction factor (REp) and a shear
capacity reduction factor (RE,) should be mulitiplied by the nominal puliout and shear capacities
(Phom> Vnom) given in Table 6.3-1.

- it ~nmanito sadiiatinm fantoe far mann adon avmanodmm
REP = Pullout ¢ pacit reduction factor for near €age exparnsion
1
ancnors
1 N L T S 1NTN
= 1.V 101 L Z 1D
-
B
= — for 10D > E> 4D

= 0.0 (Outlier) for E< 4D

vs]
]

Edge distance from centerline of anchor to free edge

D = Diameter of anchor bolt/stud

25 Based on Section 4.4.1 - Check 8 of SQUG GIP (Ref. 1)

(i 018100} VI DWJULT U L)

26 Based on Section C.2.6 of SQUG GIP (Ref. 1)
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RE, = Shear capacity reduction factor for near edge expansion

anchors
= 1.0 for E = 10D
r L5
= I—I for 10D > E > 4D
[ 10D |

= 0.0 (Outlier) for E < 4D
A reduction factor should be applied for each nearby edge; e.g., if an anchor is near a corner, then
two reduction factors apply. The edge distance (E) given in the tables above are in terms of
multiples of the anchor bolt/stud diameter (D), measured from the anchor centerline to the edge.

6.3.5.2 Cast-in-Place Bolts and Headed Studs??

If the distance (E) from a cast-in-place bolt or a headed stud to a free edge of concrete is less than

the minimum value (E,;,), given in Table 6.3-2, then a pullout capacity reduction factor (RED) and
a shear capacity reduction factor (RE;) should be multiplied by the nominal pullout and shear
capacities (Ppom, Vpom)» given in Table 6.3-2. A reduction factor should be applied for each

nearby edge; e.g., if an anchor is near a corner, then two reduction factors apply.

RE, = Pullout capacity reduction factor for near edge cast-in-

A
= —ered for Eppn, > E 2 4D
A

e,nom
= 0.0 (Outlier) for E < 4D
= Edge distance from centerline of anchor to free edge

Epin = Minimum edge distance to develop full pullout
capacity from Table 6.3-2

D = Diameter of anchor bolt/stud

Agnom = Nominal projected shear cone area of a bolt which is
located away from a free concrete edge at least the
minimum edge distance (E,;,) given in Table 6.3-2

= 0.96 i (2L + D)?

Length of embedment of bolt being evaluated

=
]

27 Based on Section C.3.4 of SQUG GIP (Ref. 1)
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Ae,red = NEGUCS

= rr? - L %6 — 2r E sin (9]
= olll
2| \2)]
4 2E ]
0 = 2cos | ——— |
2L + D
. _ 2L + D
’ B 2
RE, = Shear capacity reduction factor for near edge cast-in-
place bolts and headed studs
= 1.0 for E = 8.75D
re??
= 0.0131 | =| for 875D > E > 4D
LD]
= 0.0 (Outlier) for E < 4D

6.3.5.3 Cast-in-Piace J-Bolis?3

e minimum edge distances given in Tabie 6.3-3 for J-boits are the same as those for cast-in-
place boits and headed studs. Likewise the capacity reduction factors for J-boits installed near an
v alam ¢4

edge are also the same as discussed in Section 6.3.5.2 for cast-in-place bolts and headed studs.

For calculating reduction factors for near-edge J-bolts, the “L” dimension from Table 6.3-2 for
cast-in-place bolts should be used.

~ 2 Daorsitnad 20 Dlnns DA16:29
V.J.J.%4 LI WU-II-T 1dlC DUILWT
i 3 Az rhinh ona Jaco tham $ha taafam e ins cooToo o 2ot
For grouted-in-place bolts having edge distances which are less than the minimum values given in
i 3 i Q 3t L 2R Fre nact dn mwlana lhalic con oo Tas
Table 6.3-4, the capacity reduction factors given in Section 6.3.5.2 for cast-in-place bolts may be
used to reduce the nominal pullout and shear capacities given in Table 6.3-4
29 N o e A A D NNT TSN PNTT ST B AN
<6 Based on Section C.4.4 of SQUG GIP (Ref. 1)
29 acad ~n Qantlmn ~ A
<7 Based on Section C.5.2 of SQUG GIP (Ref. 1)
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6.3.6  Concrete Strength and Condition3°

'
Tha ~rAancrata CAMINPrACQIY, Y ehnanld ha AltainaAd Ao re ~ et o PP Iy

111€ CONCrete Compressive surengin (fc ) should be obtained from dcblgu documentation or tests to

confirm that it meets the minimum vaiue so that the nominal allowable anchor capacities can be
used. A capacity reduction Iactor can be used Ior concrete which has lower strength than the
minimum. Minimum concrete strength and reduction actors are given for each type of anchor
covered 1n this procedure.

) U I LR Al sk s al o % MR L [ 1 111 1 1 1, 1 T L. . ~ ~

in aadiiion, tne concrete in tne viCinity oI tne anchor snould be checked to be sure that it 1s free of

e A O __ L L 1A O 4ol L PR a a1l Lt 1 Lo o1 T 1 . . e - .
TOSS de1ects whnicit Could alle€ct the noiaing strengin oI the ancnor, This check shouid be done in

PR S . SR ) & €V ndlme LT Qoo AL a L L T . 1 N ~

conjunction with Section 6.3.7. Surface defects such as hairline shrinkage cracks are not of

concem

Nnta that thio mannandrirea rnsraro aomnalhaeos tmctallad caaler Son oz A ot 1 o e

INOE tat Ulis procedure Covers ancnors insiailed Only in poured, structural concrete. It any

equipment is secured to other types of concrete or masonry structures, such as concrete block

maannmrs iralle tha annhAaraaa far that itam AF anrrimmaant chea:ld la Alacaifad ae am ~ecdllia A A

INadOIly waiis, ui iCiivLagc 101 uidl itelinn U1 CQUIpIncin Snoula oe ClasSsSITIed as an outlier and

arrnhiatad canaratalyr 110ina anidanca 1n Chantar 1) and Dafawana s 70O

vvaiudaicil bCle.lal.Cly uouls suxuauuc U1l ClIapwel 14 IU INCACICIICT /0.

Tha rnmnracoiva ctranath Af tha Arannrata fran narmallyy lha Altninad fenna Faonilifte: Ammata it ~om

LU CULLIPICOSI VL SUCLHIELUL UL UWIC CULILICIC Lall 1VUlTally UDC UDlallicU 110111 1aCLHILY COnsSuuction

Arawinoe cnacificatinne ar nthar dariimante Tf thig infarmatinn ic naf auvailahla ~nea camanla

ULAWILIIEDS, SPLLILLILVALIVILS, Ul UUIVE UULULIIVUILS. 11 UL HIEVIITIAUUL IS 1IUL avaliaulc, CULC >allipic

information can be used or new samples can be taken and tested.

1]
If the concrete compressive strength (£,) is less than 4000 psi for pullout loads or 3500 psi for
shear loads, then a pullout capacity reduction factor (RF,)) and a shear capacity reduction factor
(RF,) should be multiplied by the nominal pullout and shear capacities (Ppom, Vigm), given in

11vi1L” JULVIE Y LR =g

Table 6.3-1.

RF, = Pullout capacity reduction factor for expansion anchors in
low strength concrete
- P ! P .
= 1.0 tor f, 24000 psi
1]
f i
= < for 4000 psi > f_ > 2000 psi
4000
'
- itlier or £ < 2000 nai
N ildAwa s lc NP A VAV AV S yox
' -
f. = Concrete compression strength (psi)
30 Based on Section 4.4.1 - Check 9 of SQUG GIP (Ref. 1)

31 Based on Section C.2.7 of SQUG GIP (Ref. 1)
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If the concrete compressive strength (f,) is less than 3500 psi, then a pullout capacity

reduction factor ( RFp) and a shear ca_nacltv reduction factor (RF,) should be multiplied by
the nominal nullont and chear canacitieg ( Vv Y ni‘mn in Tahla & 2.2
WaAC LGULLILAR Plialul QG Sucal vuyuv S I poms Y nom/ &iVeil il 14UIC U.0-5.
P — DT —_ Dhallarrt f3a) and nl. AAAAAA Xt L a4
R, = RI - ruudul (P) aiia Sinc. \b) Lapdul.y reauction ractors
for J-bolts in low strength concrete
= 1.0 for f 23500 psi
‘ '
| £, for 2500 bsi < £ < 3500 ne
= \\7zqy Ior 00 ps1 £ t. < 3500 psi
¥y JJuUYU
) 1]
= Outlier  for f, <2500 psi
1
Yy -— Concraete ‘-““““““‘. Ay gt h
f, = Concrete compressive strength (psi)

< , the capacity reduction factors given in Section

¢ 5 18 Y slve 1 2CCL0N O, 1 i-paal
mav ha nead tn radineca tha naminal mnllant and chaasr fanaonitine givenm s Takla £2 A
Luay UL UdTU W ILLIULL Wi LuULLIal pulivut ailil Siical paciucs glvell 1l 1dvic U.0-4

3 Based on Section C.4.5 o
4 Based on Section C.5.3 o
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No Cracks 1.0

Crack Size < 0.01 in. and the number of

required anchors securing the equipment

which are affected by these cracks is:
« EN 4 N
> JVU70 1.U
~ &ENo7. N =188
2~ JU70 U./70™

0.01 in. < Crack Size <0.02 in 0.75%

Crack Size > .02 in. Outlier

*  Capacity reduction factor applies to all required anchors securing the item of
equipment, not just the anchors which are affected by the cracks.

6.3.7.2 Cast-in-Place Bolts and Headed Studs37

If there are significant structural cracks in the concrete where the cast-in-place bolts and headed
studs are installed, then a pullout capacity reduction factor (RC,) should be multiplied by the

nominal pullout capacity (P,) given in Table 6.3-2. The shear capacity of the cast-in-place bolts

1aalial pyuRliut o T r
and headed stud anchors is not significantly affected by cracks in the concrete
The pullout capacity reduction factor applies only to significant structural cracks which penetrate
the concrete mass and pass through the vicinity of the anchor installation. Concrete with surface
(craze) cracks or shrinkage cracks which only affect the surface of the concrete should be
considered uncracked. It may be necessary to exercise judgment to establish whether cracks in the
vicinity of an anchor actually pass through the installation. Inspections for crack width should be
visual (i.e., detailed measurement of crack widths is not necessary).
RC, = Pullout capacity reduction factor for cast-in-place anchors
in cracked concrete
= 1.0 for no cracks and for CS < 0.01 in
= 1.08 -8 CS for0.01 in. < CS <£0.06 in.
= Outlier for CS > 0.06 in.
cSs = Crack size (approximate size based on visual observation)

- ~ T T r‘rP/n o1

Ty A L O Lt Faalle BV 44 £ O ~ AY
Based on >ecuon L.5.0 01 dYUULU UIlK (KCI. 1)
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6.3.7.3 Cast-in-Place J-Bolts38

The areas adjacent to J-bolt installations should be inspected for significant structural cracks which
penetrate the concrete mass. Concrete with surface (craze) cracks or shrinkage cracks which only
affect the surface of the concrete should be considered uncracked. Inspections for crack width
should be visual (i.e., detailed measurement of crack widths is not necessary). J-bolts should be
classified as outliers when either of the following two crack sizes are exceeded:

. When cracks are larger than about 0.02 inch wide and traverse through the J-bolt
installation, or

. When cracks are larger than about 0.05 inches wide and exist near the J-bolt installation.

6.3.7.4 Grouted-in-Place Bolts3®

If there are significant structural cracks in the concrete where the grouted-in-place bolts are

installed, then the pullout capacity reduction factors given in Section 6.3.7.2 for cast-in-place bolts
may be used to reduce the nominali puliout capacities given in Tabie 6.3-4.

o
NN

38 Based on Section C.4.6 of SQUG GIP (Re

U1 DCL LT g A A

39 Based on Section C.5.3 of SQUG GIP (Ref. 1
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6.3.9  Tightness Check and Reduced Inspection Procedure for Expansion Anchors

N
W
\O
[T

-

2]

s

=

3

D

The tightness check for expansion anchors can be accomplished by applying a torque to the anchor
by hand until the anchor is "wrench tight," i.e., tightened without excessive exertion. If the anchor
bolt or nut rotates less than about 1/4 turn, then the anchor is considered tight. This tightness
check is not intended to be a proof test of the capacity of the anchorage. This check is merely
meant to provide a reasonable assurance that the expansion anchor is not loose in the hole due to
gross installation defects. Loose nuts may indicate inadequate anchor set.

It is not the intent of this procedure to require disassembly of cabinets an

electrical cabling and conduit to provide access to the expansion an

Therefore, in those cases where expansion anchors are inaccessi

or during shutdown, the SCEs should make a judgment as to whether

of tightness checks which have already been made in the facility

problem of inaccessibility and the results of the other tightness ¢

checking the tightness of inaccessible expansion anchors is that

have been properly installed because access to them was limi it
reason for inaccessibility should be considered when deciding not to check the ti
expansion anchors.

For facilities which have a large number of similar expansion anchors installed, a sampling
program may be used for the tightness check based on achieving 95% confidence that no more than
5% of the expansion anchors fail the tightness test. Guidelines for conducting a sampling program
are provided below.

It is not necessary to perform a tightness check of an expansion anchor if the anchorage for that
piece of equipment is robust; i.e., there is a large margin between the applied load and the
anchorage capacity. Guidelines for evaluating whether there is sufficient margin in the anchorage
are provided below.

It is not necessary to perform a tightness check of expansion anchors which are loaded in tension due
to dead weight, since the adequacy of the anchor set is effectively proof-tested by the dead weight
loading. Judgment should be exercised to assess the need for tightness checks when multiple
expansion anchors are used to secure a base plate loaded in tension by dead loads.

SCEs should be aware that a tightness check alone for shell-type expansion anchors may not be
sufficient to detect gross installation defects of expansion anchors. If the top of the shell is in contact
with the equipment base, then the tightness check may simply be tightening the shell against the bottom
of the equipment base as shown in Figure 6.3-6. SCEs should exercise engineering judgment and
spot check for this type of instailation defect by removing a few boits from sheli-type anchors and
inspecting them to ensure that the shell anchor and the equipment base are not in contact. If this spot
check indicates that these types of bolts may not be properly installed, then the inspection check should
be expanded accordingly. Embedment length is determined from the point on the anchor to the surface

P N |

of the structural concrete. Grout pads should not be included in the embedment length.

A A 1. A

41 b5 1 o .t 1 Vo g 1MNAQ OO TolVah & » Wa
Yo bBased on secuions 4.4.1 - LNECK 4 and LU.£.05 O DYULU UILE (
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The tightness check can be performed by using a standard size box or open-end wrench on the bolt
head or nut and applying a torque by hand until the bolt or nut is "wrench tight"; i.e., tightened
without excessive exertion. For those cases where specific torque values must be used (e.g., for
maintenance work orders), the "Tightness Check Torque values given in Table 6.3-10, below
can be used for this expansion anchor tightness check. These values correspond to about 20% of

the normal installation torques.

Table 6.3-10 Recommended Torque Values for Expansion Anchor
Tightness Check (Table C.2-3 of SQUG GIP, Ref. 1)

Anchor Instailation Tightness Check
Diameter Torque Torque
(in.) (ft-1bs) (ft-Ibs)
3/8 25-35 5-7
1/2 45-65 9-13
5/8 80-90 16-18
3/4 125-175 25-35
7/8 200-250 40-50
1 250-300 50-60
1-1/4' 400-500 80-100

'Data from Table C-39 of WSRC SEP-6 (Ref. 3)

A well-installed expansion anchor should not rotate under this applied torque. A small amount of
initial rotation (about 1/4 turn) is acceptable provided the nut or bolt will tighten and resist the
applied torque. If a bolt turns more than about 1/4 turn, but does eventually resist the torque, it
should be re-torqued to the manufacturer's recommended installation torque and then considered

acceptable.

A sampling program can be used to check the tightness of expansion anchors provided it achieves
95% confidence that no more than 5% of the expansion anchors fail to meet the tightness
guidelines given above. This 95/5 criterion can be met using the guidelines given below for
sample size, homogeneous population, allowable number of nonconforming anchors, and use of
initial tightness test results.
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. Sample Size. The number of expansion anchors selected for tightness checking should be
at least as large as given in Table 6.3-11 below for "Sample Size".

Table 6.3-11 Sample Size for Expansion Anchor Tightness Check
(Table C.2-4 of SQUG GIP, Ref. 1)

. Samplel
Condition Size

Expansion Anchors Securing Equipment Which 100%
Contains Essential Relays

Total Size of Homogeneous Anchor Population Is 100%
Less Than 40 Anchors

Total Size of Homogeneous Anchor Population Is 40 Anchors
Between 40 and 160 Anchors

Total Size of Homogeneous Anchor Popuiation Is 20%
More Than 160 Anchors

INote: The sample sizes provided in this table are for accessible bolts.

. Homogeneous Population. The sample size is based on the total population of expansion
anchors being homogeneous. Factors such as installation specifications, quality assurance
procedures used in the installation specifications, quality assurance procedures used during
installation, bolt manufacturer, installation contractor, etc., should be considered when
judging whether or not the total population is homogeneous. If there is more than one
homogeneous set of expansion anchors, then the sample size limitations given above and
the allowable number of nonconforming anchors given below apply to each individual

population.
. Aliowabie Number of Nonconforming Anchors. The criterion of 95% confidence that

there are no more than 5% nonconforming anchors can be met if the number of expansion
anchors which fails the tightness check does not exceed the limitations given in Table 6.3-
12 below. If more than these number of anchors fail the tightness check, then the sampie
: o~ Lo S mammmm ] niall 2Ll .

uld be increased until the failure rate does not exceed the limitations in this table.
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muitiplied by the nominal pullout and shear capacities (P,ms Vpom) given in Table 6.3-1.
RI, = Pullout capacity reduction factor for use with Reduced
Inspection Alternative
= 0.75
RI, = Shear capacity reduction factor for use with Reduced
Inspection Alternative
= 0.75

Other Effects Do Not Reduce Anchor Capacity. None of the other effects which could
lower the capacity of the anchor are present. The following anchorage inspection checks,
should show that the anchors have full capacity. The checks and the full capacity values

are listed:

Gap Size: None (Section 6.2.3)
Spacing: S 2> 10D (Section 6.3.4.1)
Edge Distance: E=>10D (Section 6.3.5.1)
Concrete Strength:

For Pullout: _; >4000 psi (Section 6.3.6.1)

1

For Shear: f. 23500 psi (Section 6.3.6.1)
Concrete Cracks: None (Section 6.3.7.1)

Essential Relays: None (Section 6.3.8)

One Third of Anchors Not Available. The applied seismic and dead loads should be less
than the allowable anchor pullout and shear capacities given above when a third of the
anchors securing the item of equipment are assumed to be unavailable for carrying loads,
i.e., 50% more bolts are used to secure the item of equipment than necessary to meet the
allowable loads. There should be at least six anchors securing the equipment with four
assumed to be carrying the load and two not.
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1.35
2.70
1.35
4.06

Allowable

X

(Table C.6-1 of SQUG GIP, Ref. 1)
707tL)
0.0442
0.0884
0.0442
0.1326

Throat Area
(A

\

o

£ OOINT T T T

172
Based on Section C.6.1 of SQUG GIP (Ref. 1)

3/4
1/4
3/4

allowable loads are based on a weld stress allowable of 30,600 psi.

Weld Sizes

1/8
1/8
1/4

Table 6.3-13 Allowable Capacities for Typical Welds (E60 Electrodes)
1/4

4? Based on Section C.6 of SQUG GIP (Ref. 1)

The allowable loads for typical welds made with E60 electrodes are li




Where:

>

1]

6.3.10.1.2  Summary of Equivalent Weld Sizes*’

A summary of equivalent weld sizes which have the same capacity as other types of fasteners is

shown in Table 6.3-14.

Thickness of the weld leg

Length of the weld

Cross-sectional area through the throat of the weld
0.707tL
Allowable load capacity of weld

Table 6.3-14 Summary of Equivalent Weld Sizes
(Table C.6-2 of SQUG GIP, Ref. 1)

Welds Equivalent Bolt Diameter (D, in.)
Typical Size Throat Area Expansion Cast-in-Place
(Lxt, in.) (in.2) Anchor Bolts Anchor Bolts
1/2x 1/8 0.0442 3/8 -
1x1/8 0.0884 172 --
1x3/16 0.1326 3/4 3/8
1x1/4 0.1768 3/4 3/8
2 x3/16 0.2651 7/8 1/2
2x1/4 0.3535 1 5/8
2x3/8 0.5305 -- 3/4

45 Based on Section C.6.2 of SQUG GIP (Ref. 1)
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6.3.10.1.3  Weld Check?¢

The welds used for anchoring equipment to embedded or exposed steel should be inspected in the
following areas:

Determine the overall length (L) and thickness (t) of the welds. The weld thickness should
be limited to the thinnest part of either the weld itself or the connecting part.

Check for weld burn-through on cabinets made of thin material.
Check for weld quality, particularly in puddle welds which carry high tension loads.
The minimum effective length of fillet welds should not be less than 4 times the nominal

size of the weld, or else the size of the weld should be considered not to exceed 1/4 of its
effective length.

6.3.10.1.4 Embedded or Exposed Steel Check??

The embedded steel or the exposed steel to which the equipment is anchored by the weld should be
evaluated to determine whether it has the capacity to carry the loads applied to it.

_1 ek o A MY N _ L oy 1. 7 Y ol ¢ ) N 1 10 1 P a1
DIC SIIESSES IT0111 Falt £ Of UIC ALDU COUC (KCI. d81) may D€ used 1or evaluaung the
acy of exposed sieel and the structural members of an embedded steel assembly. The
lines given in Section 6.3 can be used for evaluating the cast-in-place bolts and headed studs
Ta neem n svcnod ~AF thin mcnnmlan A A A ~banl Anaasalader
11 ¢ da p L Ol Ul J1OCUUCU SICCL dbbculUly

46 Based on Section C.6.3 of SQUG GIP (Ref. 1)
47 Based on Section C.6.5 of SQUG GIP (Ref. 1)
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needed to evaluate the proof torque. Note that these curves cannot be extrapolated to give higher
allowables. Following the additional torque check, the gap must be re-evaluated between the top

load. Figures 6.3-7 to 6.3-10 give the 95% lower confidence bound torque tension correiation

.

Higher tension aliowabies may be used if the boit can be torqued to induce the desired tension
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Embedded Steel Plate —/
or Channel ( 1)
|
A. Cast—in—Place Boit B. Headed Stud

Taoaliadeansmt T A athe

Typical Installations of Cast-In-Place Bolt and Headed Stud

Figure 6.3-1
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would rotate due to an ovcrturﬁmo moment. The location of the center of rotation should be
estimated based on the following guidance. For very rigid equipment bases, such as heavy
machinery on skid mounts, the equipment may be considered to pivot about its outer edge or far
side bolt centerline. For flexible equipment bases, such as electrical cabinets with light base

This remainder of this section contains estimates of equipment mass, natural frequency, and
damping for the various classes of equipment for anchorage evaluations as summarized in Table
6.4-1. For those classes of equipment not covered in Table 6.4-1, the relative flexibility/stiffness
and damping should be estimated based on engineering judgment, past experience, and comparison
to the equipment provided in Table 6.4-1.

The purpose of Table 6.4-1 is to describe generic characteristics which may be used during
anchorage evaluations in place of equipment-specific data. These generic characteristics typically

ga

8 Based on Sections 4.4.1 - Check 1 and C.1 of SQUG GIP (Ref. 1)
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peak of the floor response spectrum (for the damping value given in Table 6.4-1) should be used.

C

v

2

L

1

4

when shake table test results are used in which the equipment was weldéd t ,

H

L

72

secured with expansion anchors are based on analytical model

Ly

gy
£

Period Acceleration (ZPA) of the appropriate floor response spectrum. For flexible equipment, the

Figure 6.4-1 provides equations for computing the lowest natural frequency of typical structural
frames.

For rigid equipment, the seismic demand on the equipment can be determined by using the Zero

Data for in-line equipment is not contained in Table 6.4-1.



Table 6.4-1 Generic Equipment Characteristics for Anchorage Evaluatio
(Tahla C.1.1 of SOTIC GIP Raf
\lal’l\f reldTA UL UYUU AL L] FANSS &
Equipment Class Typical Maximum Weight Typical Natural
ar Waioght Nancita - (hY -
LYY UlsllL U\/lloll.] brequency\ul and
Damping
Motor Control Centers 800 Ib per cabinet@ Flexible
(Section 8.1.2) g 5% Damping
Low-Voltage Switchgear 35 Ib/fi Flexible
(Section 8.1.3) 5% Damping
p i =
Medium-Voltage 31 1b/ft3 Flexible
Switchgear® 5% Damping
(Section 8.1.4)
Transformers Rating (KVA) Weight (Ib Flexible
(Section 8.1.6) 5% Damping
3,000 15,000
2,500 11,050
2,600 9,400
1,600 6,360
100 975
Horizontal Pumps with Power (HP) Weight (Ib) Rigid
Motors 5% Damping®
(Section 8.2.3) 1,000 20,000
600 16,500
500 12,000
400 8,600
200 6,000
100 3,600
Vertical Pumps with Motors Power (HP) Weight (Ib)
(Section 8.2.4)
a. Vertical 150 4,000 Flexible
Immersion 3% Damping
b. Centrifugal 500 9,000 Rigid
Z,GOO 48,000 5% Damping(c)
c. Deep-Well 500 19,000 ~ Flexible
(motor) 3% Damping
14,600
(pump)
Air Compressors Power (HP) Weight (1b)
(Section 8.2.6) . .
50 4,000 Rigid
200 10,000 5% Damping®®




Table 6.4-1 (Continued)
Equipment Class T'ypical Maximum Weight Typical Natural
r Weioht Dengity recaiency® and
L vy vaAAt ‘lvllult} i 1v\1uvu.v.y LI\l
Damnino
uvul.xtluxs
Motor-Generators (Not Available) Rigid
(Section R 2.7 o .
(Section 8.2.77) 3% Dampig"™
Batteries on Racks 0.11 Ib/in’ for batteries, < Flexible
\wection o.1.1) plus weight of racks 3% Damping
Battery Chargers and Inverters 45 Ib/ft3 Flexible
(Section 8.1.7) 5% Damping
Engine-Generators (Not Available) Rigid
(Section 8.2.8) 0 o(©)
{ ‘e 5% Damping
Instrument Racks 20 Ib/ft? of vertical face Flexible
(Section 8.1.9) 3% Damping
Generic Equipment Cabinets 3 times the weight of cabinet Flexible
(Section 8.1.5) housing 5% Damping
Walk-Through Control Panels Determine and use weight Flexible
(Section 8.1.8) per foot of length 5% Damping

(a) Medium voltage switchgear are called "Metal-Clad Switchgear" in Reference 41.

(b) The lowest natural frequencies of the overall structural mode are given as either Rigid
(> about 20 Hz) or Flexible (< about 20 Hz) and apply only to anchorage evaluations.

(c) A damping value of 5% can be used for rigid equipment since the seismic accelerations
can be taken from the ZPA which is not affected significantly by damping level.

(d) Note: When using the screening tables in the EPRI Anchorage Report (Reference 41),
an average weight per MCC section of 625 pounds was used rather than the 800
pounds shown in this table.

6.4.2 Seismic Loads*

N uating the seismic adequacy of anchorage is to determine the loads applied to
the anchorage by the seismic demand imposed on the item of equipment. This is done using the
- Pl =y
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3 peermine e sCismic inertial ancnor 10ads by caiculaiting the various load components for
each direction of motion

4 Calculate the combined seismic loads on each anchor from each of the three directions of
seismic motion. Then combine the load components from these three directions using the
Qrirara Dant Crirm Af tha Chnaras ICDCQN 1araéth A
oqucuc INUUL JUlLLL UL UL Q\iudlcb LR DODY) LHCUIVUL

5 Calculate the total anchor loads on each anchor by adding the combined seismic 1oads to the
equipment deadweight loads and any other loads on the equipment.

T oacae firus etanc ara r]ncr\r; Pl“ ]‘\Q]I‘\III‘

A 1IWOV 11V DLUHD ALV UVOVILIIUVU UVILIUYY .,

Step 1 - Input Seismic Accelerations. The first step in determining the seismic demand loads on the

anchorage is to compute the input seismic accelerations from an appropriate in-structure response

spectrum, at the damping and natural frequency of the equipment, for the location in the facility

where the equipment is mounted. Section 5.2.2 discusses the techniques for determining the

scaled in-structure response spectrum (SDS) which is computed from the Design Basis Earthquake

(DBE),

\ 7

If the equipment is located in an area where there are two applicable lateral response spectra

(nominally one N-S and one E-W), then one of the following alternatives can be used to define a

single horizontal seismic demand acceleration for load calculation

. Use the higher acceleration for both horizontal directions.

. Use the acceleration value (either N-S or E-W) which aligns with the direction of the
"weak" anchorage for that item of equipment.

. Use the actual direction N-S and E-W accelerations for the N-S and E-W loads on each

item of equipment.

The vertical component of acceleration should be the appropriate site-specific fraction of the
horizontal component of acceleration. For most equipment classes, the vertical direction
fundamental frequency is in the rigid range.

The following factors which should be considered in determining the input seismic accelerations
are covered below: equipment damping, natural frequency of the equipment, and use of
unbroadened response spectra.

Equipment Damping. A 5% damping value can be used in anchorage evaluations for most
of the equipment classes covered by this procedure. Section 6.4.1 lists the equipment
classes for which 5% damping is recommended. This level of damping is adequate for
these classes because the equipment either exhibits this level of damping or it is essentially
rigid (natural frequency greater than about 20 Hz) so that the damping level is nearly
irrelevant. Section 6.4.1 also Iists the classes of equipment which have lower damping
(3% damping) and which are, in general, flexible. This equipment includes electrical
equipment and some types of Vertical Pumps. It should be evaluated that the equipment
does not have unusual features which could lower its damping beiow the values given in
Section 6.4.1.

In-structure response spectra for the facility may not be available at the 5% or 3% damping
levels recommended in this procedure for anchorage evaluations. Therefore availabie
s, e : £l

response spectra may be normalized to the desired spectral damping level using one of the
- L M n n.
S :



For in-structure response spectra which have a shape similar to the Reference Spectrum,
(without very narrow peaks) the spectral acceleration for a desired damping ratio B can be

1 ith A 1 +2 £ R. s rratme ¢han
estimated from an available response spectrum with a damping ratio of B by using the
FAallAv,: Int Thiee
IOUOWINE réiationsnip:

m
~YiD iA \I
1

Sa. > 7ZPA
| J @ X3 —_ Ll )
iD
T 3 Y in tha high feammanaty raginne 1 2 Ffraqiianaisac grantar thom sl Lo oo o
for frequencies (f;) in the high frequency region,; i.e. frequencies greater than th frequency
nnnnnn atad xiele tl o 1. ~ ~ PR PR

Saja =  available spectral acceleration at frequency fj associated with a damping
ratio Ba

Sajp =  desired spectral acceleration at frequency f; associated with a damping
ratio Bp

Bao =  damping ratio of available response spectrum

fp =  damping ratio of desired response spectrum

ZPA =  Zero Period Acceleration

fi =  irequency of interest

Natural Frequency. The lowest natural frequency (f,) of the equipment may be estimated
by past experience with testing or analysis. The natural frequency of the equipment can be
determined during the inspection of the anchorage installation. Note that reasonable
estimates of equipment natural frequency for several equipment classes are given in Section
6.4.1 as either rigid (f, > about 20 Hz) or flexible (f; < about 20 Hz). The following
classes of equipment can generally be considered as rigid (i.e., natural frequency greater
than about 20 Hz) if anchored stiffly:

. Horizontal Pump (Section 8.2.3)
. Air Compressors (Section 8.2.6)
. Motor-Generators (Section 8.2.7)
. Engine-Generators (Section 8.2.8)

Klgld equ1pment can use a damping value of 5% since it is not significantly amplified over
the Zero Period Acceleration (ZPA).
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Step 2 - Seismic Inertial Equipment L.oads. The second step in determining the seismic deman

E

=X
o
=3

D
7

AO1111 41X 1 olvly M

loads on the anchorage is to compute the seismic inertial equipment loads for each of the three
directions of motion using the equivalent static load method. In this method, the seismic ana
is performed statically by applying the inertial load at the center of gravity of the equipment. T
inertial load in each direction is equal to the product of the input seismic accelerations, an

equivalent static coefficient, and the mass of the equipment.

An equivalent static coefficient of 1.0 can be used for the classes of equipment covered by this
procedure; the basis for this is described in Reference 41. The mass of the equipment is

determined during the inspection of the anchorage installation. Note that conservative estimates of

equipment mass for several equipment classes are given in Section 6.4.1.

Step 3 - Seismic Inertial Anchor Loads. The third step in determining the seismic demand loads on

the anchorage is to compute the seismic inertial anchor loads for each of the three directions of

motion. This is done by applying the seismic inertial equipment loads determined in the previous

step to the center of gravity of the item of equipment and calculating the free-body loads on the

anchors. The location of the center of gravity of the equipment is determined during the inspection

of the anchorage installation. The location of the center of gravity can be taken as the geometric
center of the equipment if the equipment is of uniform density. If the mass of the equipment is
skewed, then appropriate adjustments should be made to the center of gravity location.

The following types of seismic inertial anchor loads should be determined. Note that these loads

are applicable whether the equipment is mounted on the floor, wall, or ceiling.

. Anchor shear loads due to the lateral component of force caused by the seismic inertial
equipment loads, inciuding, if significant, the anchor shear loads due to any torsional
moments (center of gravity is not in line with the centroid of the group of anchors).

e overturning moment caused by the seismic inertial

s, with an appropriately estimated location of the overturning axis.
: b PR s A

1

he overturning axis is given beiow.)

a Asmnlenie i1l nezt Tanda Anvana A ler thhn cnicmin tsmamdinl oeatanian nandt Tan A Foe d ale o e o
s Anchor puliout loads causea by the seismic inertial equipment loads due to the cor
A Fonnn xrhinh io i Tina arith tha avac f tha anchar Tanlfos o o Fae fame ommaimbod
f force which is in line with the axes of the anchor bolts; e.g., for floor-mounted
Arrimmiant snalhada tha vastinngl camannnant Af fha cnicmin laand
CLluq} 1ICLIL ICIUUIC LLIY ALIC AL LUL IP LICLIL UL LLIC DUILSILHG 1UAll.
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The anchor loads caused by the equipment overturning moment can be based on the assumption
that plane sections remain plane during loading and that the material in the equipment and the
anchors behave in a linear-elastic manner. This results in a linear distribution of anchor loads for a
set of anchors which are equal in stiffness and size.

The recommended location for the overturmng axis is at the equipment centerline for equipment
with flexible bases. For rigid base equipment, the overturning axes can be taken at the edge of the
equipment. Reference 78 contains discussion on locating the overturning axes.

Step 4 - Combined Seismic Loads. The fourth step in determining the seismic demand loads on
the anchorage is to compute the combined seismic anchor loads of the seismic loads on each anchor
from the three directions of earthquake motion. The combined loads can be computed with a
combination technique such as the Square Root Sum of the Squares (SRSS) or the 100-40-40
Rule.

Step 5 - Total Anchor Loads. The total Ioads on the anchorage are computed by combining the
combined seismic anchor loads from the previous step to the equipment deadweight loads and any
other significant loads which would be applied to the equipment, e.g.; pipe reaction loads on

pumps.
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Bilinear Formulation (more realistic)

Fan

criteria in this procedure and Reference 41 for cast-in-place bolts and headed studs are based on an

Cast-in-Place Bolts and Headed Studs5?

cre:

additional factor of safety of 1.5 against failure not occurring in the concrete, it is recommended

for cast-in-place bolts for failure in the bolt steel or failure in the concrete. Because the anchorage

For existing cast-in-place bolts subjected to simultaneous shear and tension, the shear-tension
interaction depends on the anticipated failure mode. Figure 6.5-2 presents the interaction curves

6.5.2

1

ased on Section 4
ased on Section
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B
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6.5.3 Cast-in-Place J-Bolts53

It is left to the user to select an appropriate shear-tension interaction formulation for use with J-
bolts when both tension and shear loads are significant.

6.5.4  Grouted-in-Place Bolts54

For grouted-in-place bolts subjected to simultaneous shear and tension, the guidelines given in
Section 6.5.2 for cast-in-place bolts may be used to compare the allowable loads to the applied
loads.

6.5.5 Welds to Embedded Steel or Exposed Steel>>

When welds are subjected to simultaneous shear and tension, the allowable loads can be compared
to the applied loads using the following shear-tension interaction formulation:

(PY (v Y
|=— | +|=—] =1
\fw/ \Fw)
Where: P = Pullout (tensile) load applied to weld [kip]
vV = Shear load applied to weld [kip]
F, = Allowable load for weld from Table 6.3-13 [kip]

53 Based on Section C.4.7 of SQUG GIP (Ref. 1)

54 Based on Section C.5.4 of SQUG GIP (Ref. 1)
55 Based on Section C.6.4 of SQUG GIP (Ref. 1)
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Headed Studs (Reference 41) (Figure C.3-2 of SQUG GIFP,
Reference 1)
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7. SEISMIC INTERACTION
7.1 INTRODUCTION!

The purpose of this section is to describe seismic interaction and techniques for evaluating its
effects on equipment in DOE facilities. Seismic interaction is the physical interaction of any
structures, piping, or equipment with a nearby item of equipment caused by relative motions from
an earthquake. Components with fragile appendages (such as instrumentation tubing, air lines,
and glass site tubes) are most prone to damage for seismic interaction. An mspectlon should be
performed in the area adjacent to and surrounding equipment to identify any seismic interaction
condition which could adversely affect the capability of the equipment to perform its intended
function.

An overview of seismic interaction is shown in Figure 7.1-1. An earthquake can cause various
types of interactions such as bumping, falling, or fiooding. The SCEs shouid identify the various
types of interactions and work with other SRT members to determine the overall effect on the

TNATY

Iacmty This cnapter describes the seismic interaction effects covered Dy the DOE Seismic
Evaluation Procedure and how mey can be evaluated. The seismic interaction effects which are

included within the sco pe o of this pfocedure are proximity; structural failure and Iaulng, nexmmty

PR, R A o PPNy s RN [ Jy ST i P

of attached lines and cables and diif fferential aiSpiacements; and water spray, IlOO(l and fire
hazards.

T Tlome 402 Alemndme 4b o QTG ol d Ty Faceatllng cxrith tla cramimszo éx7ama A it ndtinan lam Sl 4
UblIlg tnsS CIl pl 1, UIC OU LS S1HVULU UC Lalillll UL UIC Valluud Ly pes Ul 11 aCiull, e abic w
ATttt A Ta and e atanifiranne dimine o ralldacrm ke alla f0 i dambi o

J Uge 11 1 1HIICTACUOIL 1S CICULVIC allu I dIEHLL ILC UULILE d WalRUUWI], UC aLIC W 1UCLILLYy

e tlinen A laa Famailine rrith NNE hatdanna salatad +4 cniomin 1ntarantineaa

OULHICLS, 1U DO 1dllllllL WILLL LULL UJUuludilILe LdicU U CLDILIC LICL Al LIULED.

I Based on Section D.1 of SQUG GIP (Ref. 1)
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Figure 7.1-1 Overview of Seismic Interaction
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A non-significant interaction, on the other hand, will not cause appreciable damage to the
cal

equipment being evaluated. Examples of a non-significant interaction include a light weight object
impacting a large diameter conduit (see Figure 7.2-4) or small diameter piping impacting the

outside casing of a rugged horizontal pump.

7.2.1  Proximity?

Seismic interaction due to proximity is the impact of adjacent equipment or structures on equipment
due to their relative motion during seismic excitation. This relative motion can be the result of the
vibration and movement of the equipment itself or any adjacent equipment or structures. When
sufficient anchorage, bracing, adequate clearance, or other means are provided to preclude large
deflections, seismic proximity effects are not typically a concern.

Even if there is impact between adjacent equipment or structures, there may not be any significant
damage to the equipment. In such cases, this seismic interaction would not be considered a reason
for concern, provided the equipment can still accomplish its intended function. One exception to
this is electrical cabinets containing essential relays which are required to function. Since relays are
susceptible to chatter, any impact on an electrical cabinet which has such an essential relay in it
should be considered an unacceptable seismic interaction and cause for identifying that electrical
cabinet as an outlier.

Examples of potential seismic interaction due to proximity include the following:

* Equipment carts, doilies, chains, air botties, welding equipment, etc., may roil into, slide,
overturn, or otherwise impact equipment

* Electrical cabinets that deflect and impact walls, structural members, another cabinet, etc., may

damage devices in the cabinet or cause devices to trip or chatter

T 1

inets, office cabinets, files, bookcases, wall lockers, and medicine cabinets may fali

[ %3



* The doors on electrical cabinets may swing and impact devices or cause relays to chatter.

* Inadequately anchored or braced equipment such as pumps, vessels, tanks, heat exchangers,
cabinets, and switchgear may deflect or overturn and impact equipment

The judgment of the SCEs should be used to differentiate between credible and non-credible
interaction hazards.

7.2.1.1 Piping, Raceways. and Ductwork Deflections3

The motion of piping, conduit, cable raceways, and other distribution lines may result in impact
interactions with equipment being reviewed. Non-safety-related piping is commonly supported
with rod hangers or other forms of flexible dead load support, with little or no lateral restraint.
Where adequate clearance with equipment is not provided, potential impact interaction may result.
The integrity of the piping is typically not a concern. (Threaded fittings, cast iron pipes and
fittings, and grooved type couplings may be exceptions where large anchor movement is possible.)
In general, impacts between distribution systems (piping, conduit, ducts, raceways) and equipment
of comparabie size are not a cause for concern; the potential for large relative motions between
dissimilar size systems should be carefully evaiuated to assure that a large system cannot carry
away a smaller one.

Judgment should be exercised by the SCEs in estimating potential motions of distribution systems
in proximity to the equipment under evaluation. For screening purposes, a clearance of 2 inches
for relatively rigid cable tray and conduit raceway systems and 6 inches for relatively flexible
systems would normally be adequate to prevent impacts, subject to the judgment of the SCEs.
Where potential interaction may involve systems with significant thermal movements during facility
normal operating conditions, the thermal displacements should be evaluated along with those
resulting from seismic deflections. Inter-equipiment displacement limits may be developed from the
applicable floor response spectra to assist in this effort. In-structure response spectra (IRS) are
discussed in Chapter 5

ect or overtinrn durin
S A%

special concern.
7.2.2  Structural Failure and Falling5

Equipment listed on the SEL can be damaged and unable to accomplish its function due to impact
caused by failure of overhead or adjacent equipment, systems, or structures. This interaction

3 Based on Section D.2.1 of SQUG GIP (Ref. 1)

4 Based on Section D.2.2 of SQUG GIP (Ref. 1)
5 Based on Sections D.3 and D.6 of SQUG GIP (Ref. 1)
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interaction hazards.

The judgment of the SCEs should be used to differentiate between credible and non-credible



7.2.2.1 Mechanical and Flectrical Equipmenté

Equipment such as tanks, heat exchangers, and electrical cabinets that are inadequately anchored or
inadequately braced have historically overturned and/or slid due to earthquake excitation (see
Figure 7.2-5). In some cases this has resulted in damage to nearby equipment or systems.

7.2.2.2 Piping. Raceways. and HVAC Systems’

Falling of non-seismically designed piping, raceways, and HVAC systems have been observed in
very limited numbers during earthquakes. Most commonly reported are falling of inadequately
secured louvers and ditfusers on lightweight HVAC ducting. Damage to piping systems is less
common and usually is limited to component failures which have rarely compromised system
structural mtegrity. Typical damage 1s attributed to differential motions of systems resulting from
movement of unanchored equipment, attachment of systems between buildings, or extremely
tlexible long runs of unrestrained piping. Very long runs of raceway systems pose a potential
failing hazard when the runs are resting on, but not attached to, cantilever supports.

7.2.2.3 Archiiectural Feaiures?

L

Architectural features include such items as ceilings, light fixtures, platform grating, unreinforced
asonry walls, and other structures. The seismic interaction effects for these are described below:

S

sheet rock are used in some facility
f these ceilings may be low. The SCEs
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10.5.1 discusses the qualiﬁéaiion of these

—

Structures. If equipment being reviewed is located in lower Performance Category structures,
then potential structural vulnerabilities of the building should be identified; however, facility
structures are typically seismically adequate.

~J

Based on Section D.3.1 of SQUG GIP (Ref. 1)

Based on Section D.3.2 of SQUG GIP (Ref. 1)
Based on Section D.3.3 of SQUG GIP (Ref. 1)
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* Monorails, Hoists, and Cranes. Monorails and service cranes are permanently located over
heavy equipment requiring movement for service. Falling of service crane components such as
tool and equipment boxes may result from inadequate component anchorage. They should be
restrained from falling. Judgment by the SCEs should be used to assess the potential for and
consequences of such equipment falling.

* Radiation Shields, Fire Protection and Miscellaneous Equipment. Temporary and permanent

radiation shielding may pose hazards. Miscellaneous maintenance tools, such as chains and
dollies, test equipment, fire protection equipment, fire extinguishers, and hose reels may fall if
inadequately restrained. Equipment carts may roll into equipment being evaluated.

7.2.3 Flexibility of Attached Lines and Differential Displacements!®

Distribution lines, such as small bore piping, tubing, conduit, or cable, which are connected to
equipment can potentially fail if there is insufficient flexibility to accommodate relative motion
between the equipment and the adjacent equipment or structures. Straight, in-line connections in
particular are prone to failure. The scope of review for flexibility of these lines extends from the
item of equipment being evaluated to their supports on the building or nearby structure. In
addition, the review should consider operational concerns for the lines, such as the relationship of
the lines to any check valve and sources of supply for the lines.

Distribution systems that span between different structural systems need to have sufficient
flexibility to accommodate differential motion of the supporting structures (see Figure 7.2-6).
Piping may be vulnerabie where it interfaces with a buiiding structure foundation.

9 Based on Section D.3.4 of SQUG GIP (Ref. 1)
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Figure 7.2-2 Example of Credible Interactions






Figure 7.2-4

Example of Non-Significant Interaction
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7.3 DOE GUIDANCE

Guidance on the treatment of seismic interaction effects is included in DOE-STD-1021, "Natural
Phenomena Hazards Performance Categorization Guidelines for Structures, Systems, and
Components" (Ref. 7). This guidance focuses on “two over one” concerns and should be used to
evaluate the seismic interaction effects discussed in Section 7.2. “Two over one” concerns, as
discussed in DOE-STD-1021 and DOE-STD-3009 (Ref. 11), are those with a lower safety class
structure, system, or component (SSC) located above, or able to interact with, a higher safety class
SSC. Further detailed information on selecting performance and hazard categories is provided in
References 7, 10, and 11. )

7.3.1 System Interaction Effects!!

(@ An SSC that has been preliminary categorized in accordance with the basic performance
categorization (PC) guidelines of Section 2.4 of Reference 7 (the source) shall have
appropriate additional seismic mitigation requirements as provided in Paragraphs (b), (c)
and (d) below, if its behavior by itself, or the multiple common-cause behavior of it with
other SSCs may adversely affect the performance of other SSC (the target). These
additional requirements will depend on the type of source behavior that causes adverse
interaction with the target during or following an seismic event.

If the source behavior that causes adverse interaction is within the acceptable behavior
= q__

limits of the source (i.e., if the adverse interaction occurs before failure) adequate measures
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Py
[w;
—
-

A O y PSRy

such interaction and to ensure that the performance goal for the
~ ~ 2L -

the postulated seismic defiection of a

1
=}
=
(]
yl

wi accC

o e
70~
) e

a

s 0q €
[«]
-
[
Y
NS~
o
72]
=
o
£
d»
=

o
=
:i—
D o)
S
D
& =3
= 0
&\./
¢ =2 1
3

R

- oy
~J
9!
[\
=
3
é’
=
o
it )
:»
C
g»

=&

n O
=
—
-
5
g
[¢]
CF

)
)
3

o
=
<
)
-
w
<!
72}
=
i
=
=
=

h &
E
)

5=
.
=
"
)

=y D
Y 0q Fu

=W ¢}
8'c

3
D
s
E

ot o

D B
W]
.8 &
e BN Ei
v o
0?; (0]

= g;
:i <

'é: Q
s

Ay

=

2
1)1
q
&
-
w2
y B

]
>

=

Q

=

o=

=

D

-

]

=3
[«%
N

.o a
=]
2
-y
=
2}
£8
*
3

..
7

N q']
Y
@
IS
o
=+

v
3

:
3 &
[ 2~

(@]
=

=B
£
R7Z
o]

£

v
@,
:
&

«Q

Q

S

=

G

E. .

(]

[«

3

e

E
G

o
D
-

(]

]

=

£
G
=)

=}
=
£
=
C

—~
(@]

N’

=

=
]
av]

a
D
7]
=. (D
5

=+

the adverse interaction effects.

(i) Adequate measures shall be taken to preclude adverse interaction and to ensure that
the performance goal for the target is preserved. Examples of acceptable measures

11 Based on Section 2.5 of DOE-STD-1021 (Ref. 7)
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Table 7.3-1 System Interaction Effects on Performance Categorization (Reference 7)

Preliminary Performance Range or Limit of
Performance Category of Source Target Failure Probability Revised NPH
Category of Target ssc® Due to Interaction(3) Requirements of
ssc® ® Source SSC)
PC4 PC-3 p>10% PC4
p£10% pﬂ_3(5)
PC-2 p>10% PC4
1% <p < 10% PC-3
p< 1% PE-4
- PC-2\)
PC-1 p>10%
PC-4

1% <p < 10%
P<1%

8

(

SSC - Structure, System, or Component
P

H - Natural Phenomena Hazard

PC - Performance Category

Notes: 1)

2)

(3)

4)

%)

March 1997

If the target consists of more than one SSC, the highest performance category of the group shall be considered here.
This is the preliminary performance category of the source SSC befo:
PC-0 is not considered here because a PC-0 SSC cannot have any adv.
SSCs

This is the approximate probability of exceedance of acceptable behavior limit for the target SSC given that the source SSC
will fail and interact with target SSC due to NPH effects.

[=ad

Thus, if the target is a PC-4 SSC that may be adversely affected by the failure of a PC-2 SSC (source), and if the target
failure probability due to this interaction is greater than 10%, then one of thc methods of precludmg the interaction will be

PR SR RGP |y fona alam mnto S PRy

{0 subject the source to additional NPH requirements corresponding to PC-4 (see also note 4 below).

The source SSC shall be designed/evaluated to those requlrements of the revised performance category that are essential

in mat mannoconer fa antloft PGPS R S

for precluding adverse interaction with the target (in other words, it is not necessary to satisfy the functional requirements
of the source SSC when subjected to these additional NPH requirements unless essential for precluding adverse
interaction).

The basis for determining the revised NPH requnrements for the source SSC is that the performance goal of the target SSC
shall not be compromised because of system interaction effects, i.e. the product of the performance goal for the revised

source performance category and the target failure probability must not be more than the performance goal of the target

SSC. However, to account for uncertainties in determining target failure probabilities, the limiting values in the 3rd column
of the table have been selected conservatively (i.e. lower than the values computed on the above basis).

For these cases, consideration of interaction effects does not require additional NPH requirements for the source SSC.
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(d)

7.3.2

are: stiffening/strengthening of the source structure or support system, relocating
the source and/or the target, installing barriers, installing new components,
modifying existing components, or any combination of these measures.

If the behavior or failure of a source can adversely affect the performance of more than one
target, the source shall have additional seismic requirements corresponding to the highest
performance category that is determined by applying the rules provided in Paragraphs (a),
(b), and (c) above separately for each target.

Determination of System-Interaction-Related Target Failure Probability!2

To account for adverse system interaction, the determination of failure probability of the target
component given the failure of the source component is required. Depending on the physical and
functional complexity of the target and the nature of its interaction with the source, the level of
effort in determining this target failure probability can vary. Following the" graded approach"
philosophy, the level of rigor with which such failure probabilities are to be determined should
depend on the safety significance and the preliminary performance category of the target, the
hazard category ot the facility, and the relative cost of various methods of determining target failure
probabilities.

In the following paragraphs two methods of determining or estimating target failure probabilities
are presented in order of decreasing rigor.

(a)
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Structural Failure and Falling (see Section 7.2.2): Inadequately designed, inadequately
anchored, and unanchored components may fail, slide, and/or topple and fall on or bump
into other components that are not designed to withstand such interaction effects.

12 Raged on Section 3.

3.8 S 102
13 Based on Section 3.9 of DOE-STD-1021

of DOE-STD-
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(i) Proximity and Impact (see Section 7.2.1): Adjacent components may impact each other

causing damage if the clearance between them is inadequate for seismic - induced
deflections. Such adverse interaction may occur even if the deflection of the source is
within its design limits.

(iii)  Differential Displacement (see Section 7.2.3): A target distribution system (e.g., vital cable

trays, pipes, ventilation ducts) may span between different structural systems (source).
Differential displacement may be within acceptable behavior limits for the individual
structures, but may still affect the distribution systems adversely.

(iv)  Mechanical or Electrical Failure (see Section 7.2.4): The failure of a source mechanical or
electrical component may impair the safety function of another component or system (e.g.,
the failure of a valve in a non-safety water distribution system causing flooding that short-
circuits a safety class electrical motor).

Paragraph (b) of Section 7.3.1 provides the general requirements for precluding interaction that can
occur before the source fails or reaches its acceptable behavior limits. Paragraph (c) of Section
7.3.1 provides three options to meet the requirements for precluding adverse interaction that can

ML £ 11 _ s s :

occur only when the source fails. The following paragraphs provide additional discussions on
these three options:

(a)
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(©) he third option given in Paragraph (c)(ii) of Section 7.3.1 requires the use of a barrier to

;;révcﬁz the source frdfﬂfifritera(‘;ting with the potential target. Very often this can be the
most practical and cost-effective option. The barrier must be placed in the same
performance category as the target, and be designed to withstand the interaction effects

from the source in addition to the seismic loads.
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given at this stage for its design.)
fixture should then be placed in PC-3.
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(b) Example 2

Consider a case in which batteries for an uninterruptible power supply (UPS) in a Hazard Category
3 facility are in the same room with a 2000-gallon water storage tank. The UPS is classified as a
safety system but the water storage tank is not. The UPS batteries (and their rack, connections,
and the surrounding room structure) should be evaluated as PC-2 in accordance with the
provisions of Section 2 of Reference 7.

Initially, the water storage tank might be considered as PC-1 (i.e., preliminary performance
category). However, a systems-interaction check discloses that UPS batteries will short out during
water immersion if only 1000 gallons of water flood the room. Thus, in accordance with criterion
given in Paragraph (a)(i) of Section 7.3.1, the 2000-gallon tank should have the same performance
category as the UPS batteries, that is, PC-2.

But what if the water was stored instead in ten 200-gallon tanks? The individual failure of each
tank would not fail the UPS. However, if "multiple common-cause failure" is considered, one
could reason that all ten tanks would be affected in the same way by the seismic event and
simultaneous failure of several tanks might occur, leading to flooding of the batteries. Thus, each
200-gallon tank should also be placed in PC-2 in accordance with the provisions of Section 2 of
Reference 7.

(c) Exampie 3

Consider a 100-foot-tali smoke stack for a laundry building at a DOE site that is not part of any
safety system. However, its failure (from winds or earthquakes) would be costly and could injure
workers, so initiaily it would be classified as Preliminary PC-1. Consider that there is a single

- P

Hazard Category (HC) 3 safety system component (say a PC-2 outside pump) that is 90 feet from

4 ow v

4 Based on Section 3.10 of DOE-STD-1021 (Ref. 7)

—
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Consider a Hazard Category 1 facility that relies heavily on operator actions, rather than
seismically-qualified instrumentation and automatic control systems, to maintain a safe-state
following a design basis earthquake. According to Section 2 of Reference 7, safety system SSCs
of this facility should be placed in PC-4. In addition, SSCs needed to permit required operator
actions following a design basis earthquake must also be classified as PC-4

As an example, assume that one earthquake procedure written for this facility requires that an
operator would go inside the pump room to read a water level gauge (which is seismically-
qualified), and then relay this information to the control room via a system of walkie-talkies
(assume that inside telephone lines are not seismically qualified). Items needed to permit this
action, and thus which must meet PC-4 criteria, include all access doors (deformation of the door
frames may be critical), emergency lightning and communication systems (the storage of
flashlights and walkie-talkies could become a seismic design consideration), and any water or
steam line whose seismic failure would be hazardous to the operator.

7.4 EVALUATION OF INTERACTION EFFECTS15

The SCEs should identify and evaluate all credible and significant interactions in the immediate
vicinity of the equipment listed on the SEL. This includes consideration of seismic interactions on
the equipment itself and on any connected distribution lines (e.g., instrument air lines, electrical
cable, and instrumentation cabling) which are in the vicinity of the item of equipment. Evaluation
of interaction effects should consider detrimental effects on the capability of equipment and
systems to function; taking into account equipment attributes such as mass, size, support
configuration, and material hardness in conjunction with the physical relationships of interacting
equipment, systems, and structures. In the evaluation of proximity effects and overhead or
adjacent equipment failure and interactions, the effects of intervening structures and equipment
which would preclude impact should be considered. The effects of fire, flooding or exposure to
fluids from ruptured vessels and piping should also be examined.

As summarized in this chapter, the considerations for seismic interaction effects include the
following:

1. Soft targets free from impact by nearby equipment or structures.

2.  If equipment contains sensitive essential relays, equipment free from all impact by nearby
equipment or structures.

3.  Attached lines have adequate flexibility.

4.  No collapse of overhead equipment, distribution systems, or masonry walls.

F~4 T et ma e S Lo Lo o XL O .ttt s Y | 1 1

D £Juipment 1S ITeC I1o1n CICdibiC dnd signiicdnt seismic-induced 1100d and spray concerns.
15 Based on Section D.5 of SQUG GIP (Ref. 1)
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8. EQUIPMENT CLASS EVALUATIONS USING CAVEATS FOR THE
REFERENCE SPECTRUM AND / OR GERS

Chapter 8 contains a summary of equipment class descriptions based on earthquake experience data
and generic seismic testing data. These descriptions and the rest of the information in Chapter 8 is
from Appendix B of Revision 2 of the SQUG GIP (Ref. 1). Any modifications from the
corresponding sections of Appendix B are denoted in Chapter 8 with words in italics (such as this
introduction to Chapter 8). An item of equipment must have the same general characteristics as the
equipment in the earthquake experience equipment class or the generic seismic testing equipment
class to apply the methodology in Chapter 8. The intent of this rule is to preclude items of
equipment with unusual designs and characteristics that have not demonstrated seismic adequacy in
earthquakes or tests. -

"Caveats" are defined as the set of inclusion and exclusion rules that represent specific
characteristics and features particularly important for seismic adequacy of a particular class of
equipment. Chapter 8 contains a summary of the caveats for the earthquake experience equipment
class and for the generic seismic testing equipment class. If the caveats are satisfied, then the
capacity of the equipment class can be represented by the Reference Spectrum and/or the GERS.
For these equipment classes, extensive use of earthquake experience and test data permits the
rigorous definition of the equipment capacity and evaluation of the seismic adequacy of the
equipment. The equipment capacity determined in Chapter 8 is compared to the seismic demand
using the provisions of Chapter 5.

The "intent” of the caveats should be met when evaluating an item of equipment as they are not
fixed, inflexible rules. Engineering judgment may be used to determine whether the specific
seismic concern addressed by the caveat is met. Chapter 8 provides brief discussions of the intent
of the caveats. When specific cases are identified where the intent of the caveats are considered to

Py D

be met, but the specific wording of the caveat rule is not, the reason for this conclusion should be

i
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stress analysis. The remarks are also based on experience gained during SQUG GIP reviews at
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Certain important caveats from the reference documents are not included in Chapter 8 because thev
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Equipment should be adequately anchored and base isolation should be car.

Chapter 6).

~

Relays for which chatter is not acceptable should be specifically evaluated. Note that although

r, the

the primary responsibility for conducting the relay evaluation is the Lead Relay Reviewe

SCEs should be alert for any seismically induced systems effects that may lead to loss of

JSunction or malfunction of the equipment being evaluated (see Chapter 11).
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equipment class. The basic components of a lead-acid battery cell are the electrode element, cell

me ale d trode eler
cover, cell jar, electrolyte, and flame arrestor. The electrode elements are the key components of
the battery system.

4

There are four basic types of lead-acid storage batteries which are distinguished by the construction
of their positive plates. These four types are: calcium flat plate, Planté or Manchex, antimony flat
plate, and tubular. Since there are no examples of antimony flat plate and tubular batteries in
experience data, they are excluded from the equipment class. The Planté or Manchex battery is one
of the older designs of batteries. It is constructed of heavy lead plate with either a series of
horizontal cross-ribs attached to the plate (Planté plate design), or a matrix of spiral buttons

inserted into the plate (Manchex design).

Battery racks are normally frames of steel channels, angles, and struts that support the batteries
above the floor. Racks can be multi-rowed, multi-tiered, or multi-stepped. Multi-rowed racks are
adjacent rows of batteries all at the same level. Multi-tiered racks are vertical rows of batteries
mounted directly above each other. Multi-stepped racks have each succeeding row of batteries
located above and to the rear of the previous row.

The shelf that supports the batteries typically consists of steel channels running longitudinally that
are, in turn, supported by transverse rectangular frames of steel angles. The racks are usually
braced by diagonal struts along either the front or rear face for longitudinal support. The rack
members are connected by a combination of welds and bolts.

Well-designed battery racks include a restraining rail running longitudinally along the front and the
rear of the row of batteries and wrapping around the ends of the row. The rails are located at about
mid-height of the battery, and can prevent accidental overturning of the batteries, or overturning
from earthquake loadings.

The battery (including the cell jar and enclosed plates, the supporting rack, electrical connections
between batteries (bus bar), and attached electrical cable) are included in the Batteries on Racks
equipment class.

1 Section B.15 of SQUG GIP (Ref. 1)
March 1997 8.1-3
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BAT/RS Caveat 4 - Close-Fitting. Crush-Resistant Spacers Between Cells. There should be close-
fitting, crush-resistant spacers between the cells, which fill about two-thirds of the vertical space
between the cells. The concern is that the batteries without spacers can rock and collide during the

BAT/RS Caveat 5 - Batteries Restrained by Side and End Rails. The battery racks should have end
and side rails incorporated in the design. The end and side rails should also be close fitting against

the cells (with shims, if needed). The concern is that batteries on racks without end and side rails
may tip or slide off the rack.

BAT/RS Caveat 6 - Battery Racks Have I ongitudinal Cross Bracing. The racks should have

longitudinal cross bracing unless engineering judgment or analysis shows that such bracing is not
needed. The concern is that racks without cross bracing may not be able to transfer the lateral
seismic loads to the base support. Simple bounding hand calculations are recommended to show
that the structural components of the rack are capable of transferring these loads. The capacity of
rack steel members may be calculated following AISC Part 2 (Ref. 81) allowable stresses.

BAT/RS Caveat 7 - Racks Constructed of Wood To Be Evaluated. Battery racks constructed of
wood should be specially evaluated. The concern is that racks constructed of wood may be more
vulnerable to seismic loads than steel racks. Evaluation of the rack should consider industry
accepted structural design standards for wood construction, using extreme load allowable stresses
as appropriate.

BAT/RS Caveat 8 - Batteries Greater Than 10 Years Old To Be Evaluated. Batteries that are more
than 10 years old should be identified as outliers. The concern with the aging of batteries is that
some models have been shown by shake table testing to be susceptible to structural and or
metaliurgical changes with time that resuit in either structural failure or reduced capacity after
vibration.

BAT/RS Caveat 9 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the batteries on racks



8.1.1.2 GERS Caveats - Batteries on Racks

The seismic capacity for the equipment class of Batteries on Racks (BAT) may be based on generic
testing data, provided the intent of each of the caveats listed below is met. This equipment class
includes storage battery sets of the lead-calcium type supported on racks with rail restraints. Each
battery set consists of multiple lead-acid cells (nominal 2 volts each) interconnected by rigid bus
connectors. Rows or groups of cells are connected by flexible bus connectors. The racks have
either a two-step or single-tier configuration with longitudinal cross-braces. The racks have rail
restraints to keep the batteries in place. There are snug-fitting spacers between the cells and, if
needed, shims between the cells and rails. This equipment class covers typical stationary lead-acid
battery cells used 1n facilities.

The GERS (see Figure 8.1.1-2) represent the seismic capacity of Batteries on Racks (BAT) if the
batteries and racks meet the intent of the following inclusion and exclusion rules. Note, however,
that when the specific wording of a caveat rule is not met, then a reason for concluding that the

intent has been met shouid be provided on the SEWS.

BAT/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The batteries and racks should
be similar to and bounded by the BAT class of equipment described above. The equipment class
descriptions are general and the SCEs shouid be aware that worst case combinations of certain
parameters may not be represented in the generic equipment class. These worst case combinations
mm e L R PR JP.4 PR 4 iy PR |

may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

BAT/GERS Caveat 2 - Reference Spectrum Caveats Apply. The batteries on racks should meet all
tlan mozranta mazrmen Eme dlan DLy CQuma b zcen Ml oo o ISR S, (RN [ RN, I LTS PRe

uiC Caveais given 101 tC néejerence Specuunl. 1nis caveat 18 inciuged 1o Cover tne vuinerabilities
identified for the earthquake experience equipment class. Those GERS caveats which are the same
as the Reference Spectrum caveats are not repeated below

pl avan aad _Talriiim Dlatag Tha slatac ~Afshha lhottaims Anll qlamaal Lo 10 1
BAT/GERS C veat 3 -1 G-{aicium riates. 1nc Pra.tcs 01 i€ vatte Yy ccill S11ould e 1ICdAU-CAaICIUI
I 1dad 1 A ganaria gatoin factinag amitimnnant ~lacae
Lead-calcium battery cells are the only type included in the generic seismic testing equipment class
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If the racks only have a single rail, then this rail should be evaluated to determine whether it will
hold the cells in place and prevent significant relative motion between cells.
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Figure 8.1.1-1 Batteries on Racks from the Earthquake Experience Database
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8.1.2 MOTOR CONTROL CENTERS?

The seismic capacity for the equipment class of motor control centers (MCCs) (see Figure 8.1.2-1)
may be based on earthquake experience data, provided the intent of each of the caveats listed below
is met. This equipment class includes control and electrical fault protection systems for motors
powered at 600 volts or less (typically 480 volts). Motor controllers are mounted in sheet metal
cubicles with controller cubicles typically assembled into stacks which are lined up side-by-side
and bolted together to form a motor control center. This equipment class includes motor controllers
mounted in individual cubicles on racks or walls as well as freestanding MCCs.

Individual motor controllers are normally mounted in a sheet metal box that can be removed from
its cubicle in the motor control center. Motor controllers are arranged in vertical stacks or sections
attached to each other within the MCC assembly. The individual components of the motor
controller are attached to the sides and rear face of the box. Motor controller cubicles typically
include the following types of components: molded case circuit breaker (or disconnect switch),
magnetic contactors, a control transformer, fuses, push buttons, and pilot lights.

The motor controller cubicles are typlcally arranged in vertical stacks within an MCC assembly.
Each stack is a separate sheet metal enclosure, usually reinforced at its corners by overlapped sheet
metal or steel angle framework. Stacks are boited together through adjacent sheet metal side walls
or steel framework.

£

1
t between the front and rear stacks of co oller cubicles. bmgle sided MCCs
¢ electrical connections through vertical raceways along the sides of each stack
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The construction of motor control centers is typically governe stry s
developed by the National Electrical Manufacturers Association (NEMA) and Underwriter:
Laboratories (UL) (e.g., NEMA ICS-6 (Ref. 82) U L-508 (Ref. 83

minimum sheet metal thickness as a function of wall area betwé cilvl,orie*_,ent,

Motor control center assemblies represented in the equipment class contain motor starters
(contactors), disconnect switches, and, in some cases, over-current relays. They also contain
distribution panels, automatic transfer switches, and relay/instrumentation compartments, and
include attachments such as junction boxes, conduit and cables. Motor controllers are represented

2 Section B.1 of SQUG GIP (Ref. 1)
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in a variety of mounting configurations ranging from individual mounted controllers to MCC
assemblies in outdoor enclosures.

8.1.2.1 Reference Spectrum Caveats - Motor Control Centers

The Reference Spectrum (RS) represents the seismic capacity of a Motor Control Center (MCC) if
the MCC meets the intent of the following inclusion and exclusion rules. Note, however, that
when the specific wording of a caveat rule is not met, then a reason for concluding that the intent
has been met should be provided on the SEWS.

MCC/RS Caveat 1 - Earthquake Experience Equipment Class. The MCC should be similar to and

bounded by the MCC class of equipment described above. The equipment class descriptions are
general and the SCEs should be aware that worst case combinations of certain parameters may not
be represented in the generic equipment class. These worst case combinations may have reduced
seismic capacity and should be carefully evaluated on a case-by-case basis.

s the upper limit voltage rating of MCCs in the earthquake experience equipment class.

MCC/RS Caveat 3 - Adjacent Cabinets Boited Together. Adjacent cabinets which are close enough
to impact each other and sections of a muiti-bay cabinet assembly shouid be bolted together if any
of these cabinets contains essential relays as defined in Chapter 11. The concern addressed in this
caveat is that unbolted cabinets could respond out of phase to one another and impact each other
during an earthquake. This would cause impact loadings and high frequency vibration loadings

papy | PR o I S

/hich could cause any essential, impact-sensitive relays to chaiter.

MCC/RS Caveat 2 - Rating of 600 V or Less. The MCC should have a 600 V rating or less. This

‘quipment and their enclosures (but
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t and p lead to relay chatter, or impact other : N S
seismic interaction hazard. As an example, some electrical cabinets have small, externally attached
panels mounted on hinges to the main cabinet frame. During seismic motion the externally attached
panel may swing and cause significant impact loading to the electrical panel.
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MCC/RS Caveat 6 - General Configuration Similar to NEMA Standards. The general
configuration of the cabinets should be similar to those constructed to NEMA Standards. The

MCC does not have to conform exactly to the NEMA standards but should be similar with regard
to the gage of the steel, internal structure and support. This caveat is intended to preclude unusual
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MCC/RS Caveat 9 - Anv Other Concerns? The SCEs

e SCEs s se
uncommon situations not specifically covered by the caveats which could adversely affect the
seismic capacity of the MCC.

8.1.2.2 GERS Caveats - Motor Control Centers

The seismic capacity for the equipment class of MCCs may be based on generic testing data,
provided the intent of each of the caveats listed below is met. This equipment class includes
control and electrical fault protection systems for motors powered at 600 VAC (480 VAC
nominal), 250 VDC, or less. MCCs in the testing equipment class typically include several
enclosure sections which are normally about 20 inches wide, about 20 inches deep, and about 90
inches high. These sections are fabricated of 14 gage (0.0747 inches thick) or heavier steel sheets
and are supported at the floor on base channels which are either integral with the MCC frame or are
external members connected by internal bolts to the MCC frame. Multiple MCC sections may be
grouped together to make widths to 120 inches or greater. The weight per section of these MCCs
ranges from 200 to 800 pounds.

The types of components typically housed within MCCs in the equipment class include contactors,
overload relays, various types of other relays, circuit breakers, disconnect switches, control or
distribution transformers, and panelboards. MCCs may also have indicator lamps and meters
mounted on them.

The GERS (see Figure 8.1.2-2) represent the seismic capacity of a Motor Control Center (MCC) if
the MCC meets the intent of the following inclusion and exclusion rules. Note, however, that
when the specific wording of a caveat rule is not met, then a reason for concluding that the intent
has been met should be provided on the SEWS.

MCC/GERS Caveat i - Generic Seismic Testing Equipment Ciass. The MCC should be similar to
and bounded by the MCC class of equipment described above. The equipment class descriptions
are general and the SCEs shouid be aware that worst case combinations of certain parameters may
not be represented in the generic equipment class. These worst case combinations may have

PR B T

reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

MCC/GERS Caveat 2 - Reference Spectrum Caveats. The MCC sho

Lme 2l o T _ o PR o W : ~e PRUNYREL P S SR I IR R PR, DU, .0 BNk R o di BN WS

101 UIC K€, nce DP C IIl. 1IIS Cdveal 1S 111C1uUdaca 1o Cover U YUIeranpliues 1aenuiica 1or tne
earthquake experience equipment class. Those GERS caveats which are the same as the Reference
Spectrum caveats are not repeated below
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MCC/GERS Caveat 3 - Floor-Mounted Cabinet. The MCC should be floor-mounted. This is the
mounting configuration for all MCCs in the generic seismic testing equipment class

i 1rnde Tha mavitaiim raialht mne sractimed om s o
MCC/GERS Caveat 4 - Weight Less Than 800 Pounds. The maximum weight per vertical section
ig i At vaiaht Vo Sam b e
should be less than about 800 pounds. This is the upper bound weight of MCCs in the generic
seismic testing equipment class
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these bolts should be at least 3/8 inches in diameter. Any sheet metal cabinet components used for

anchorage should have reinforcement. Excessive eccentricities in the internal load path which
allow significant bending of sheet metal should be evaluated separately for strength and stiffness.

MCC/GERS Caveat 7 - "Function During" GERS. The "Function During" GERS can be used
only if all the relays within the MCC have GERS greater than 4.5g within the amplified spectral
region. For this caveat, the term "relays" does not include contactors and other starter
components. Auxiliary contacts of contactors require a separate relay evaluation as described in
Chapter 11 if they are used for external control or lockout signals.

MCC/GERS Caveat 8 - "Function After" GERS. The "Function After" GERS can be used if it
can be demonstrated that the starters can be reset. The Relay Functionality Review in Chapter 11
describes the guidelines for evaluating the acceptability of resetting relays and starters. Note that,
in general, both system tolerance of the changed state and operator availability for manual reset
should be shown.

MCC/GERS Caveat 9 - Adjacent Cabinets Bolted Together. Adjacent cabinets and sections of a
multi-bay cabinet assembly should be bolted together, including those that do not contain essential
relays. Adjacent cabinets and sections of multi-bay cabinet assemblies were bolted together when
tested for this generic seismic testing equipment class.
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Figure 8.1.2-1 Motor Control Center from the Earthquake Experience Database
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8.1.3 LOW-VOLTAGE SWITCHGEAR3

The seismic capacity for the equipment class of low voltage switchgear (LVS) assemblies (see
Figure 8.1.3-1) may be based on earthquake experience data, provided the intent of each of the
caveats listed below is met. This equipment class consists of one or more circuit breakers and
associated control relays, instrumentation, disconnect switches, and distribution buses mounted in
a sheet metal enclosure. The term "low voltage switchgear” is associated with circuits of 600 volts
or less, typically 440 to 480 volts in modern industrial facilities.

Switchgear assemblies are composed of vertical sections which normally contain stacks of two to
four circuit breaker cubicles. The vertical section is a sheet metal enclosure welded to a framework
of steel angles or channels. Each section includes a circuit breaker or other control devices in a
forward compartment and bus connections for the primary circuits in the rear compartment.

A section of a switchgear assembly is typically 90 inches in height and 60 inches in depth. The
width of each section ranges from 20 to 36 inches, depending on the size of the circuit breaker it
contains. A typical section weighs about 2000 pounds. Individual sections are bolted together
through adjoining walls to form an assembly. LVS assemblies normally include at least one
cubicle that serves as a metering compartment. The compartment typically contains ammeters,

Most low-voltage circuit breakers are the drawout type. They are mounted on a roller/rail support
system that allows them to be disconnected from their primary contacts at the rear, and drawn
forward out of their sheet metal enclosure for maintenance. While in operation, the circuit breaker
clamps to bus bars in the rear of the switchgear assembly. Additional positive attachment of the
breaker to its enclosure is made by a mechanical jack or racking mechanism which slides the
breaker in or out of its operating position.

The circuit breaker can include the following types of components: spring-actuated electric
contacts, a closing solenoid, various types of tripping devices (overcurrent, shunt, under voltage),
fuses, and auxiliary switches.

Low-voltage breakers may be combined in assemblies with transformers, distribution panels,
medium voltage breakers, and motor controllers. Circuit breakers, relays, instrumentation, the
switchgear assembly enclosure, internal transformers, attachments such as junction boxes, and
attached conduit and cables are included in the Low-Voltage Switchgear equipment class

8.1.3.1 Reference Spectrum Caveats - Low-Voltage Switchoear

The Reference Spectrum (RS) represents the seismic capacity of a Low-Voltage Switchgear (LVS)
if the switchgear meets the intent of the following inclusion and exclusion rules. Note, however,
that when the specific wording of a caveat rule is not met, then a reason for concluding that the
intent has been met should be provided on the SEWS.

LVS/RS Caveat 1 - Earthquake Experience Equipment Class. The low-voltage switchgear should
be similar to and bounded by the LVS class of equipment described above. The equipment class
descriptions are general and the SCEs should be aware that worst case combinations of certain
parameters may not be represented in the generic equipment class. These worst case combinations
may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

avant D) _Daotinag AFENMN U AeT age Mhaa o cralénan crmritnlanne ol a1 I Lo . £NN YT
LVS/RS Caveat 2 - Rating of 600 V or Less. The low voltage switchgear should have a 600 V
1y e laca Thio 10 A 11mnar harind vvAaltaoas vwatima AFT UQ 20 shn a0 P . SR
ratllls Ul ICDD. 11115 1> th UPPCI qu JLul VUlt 5 lat 115 UL L.VO 1l tll Cd.l"tllqu CC p 11CI1IICC
equipment class.

3 Section B.2 of SQUG GIP (Ref. 1)

March 1997 8.1-14



-
.
'~
~
)

N
4
>
o
o
2

1-} r

!
2

=
(]
4@

D

_
& o
—.
B E
@
g
<
fos
b=

O
[¢’]
=
<
<
a
lq

r—(
<
2
S
)
2
@]
]
2
F
]
&
4
o e
()
=
2
¥
3
S

D

3
-
C

3'le
=.
d
>

s =
o
"
S

D

)

1

D

4

>
=

=
=
E
o

T

'~<
[¢)
&0
Q
et
=
[¢]
p.
Z
o
=

ol
g2
o
8

3 .
wn
[¢
(¢}
£
C

<. B

o

&
> Gn
(@]

—
y

D mh
=

2.

Y @
=

a

-
B
LN
n'<

]
3
Y

=
£
£
o
¢
¢
o
£
S
Q
Q™

v
723
a
=1
—
=
-

i~

,
3 9,6
q
]
2
:
5
Q
&
>
D
(=%
P
D s
"]
¢ ¢
o=+
wn
«
Q
==
.
D

0
3
0
0
3
2
S
=3
[¢)
C
=
g

el e]

£o

<
]
0
5
C
2.
=
o
E
[~
w
43

[4
[+
e
=
s
[
[¢]
=
Q
E+
) =

3
@
=
[¢]

~]

P}
o
[—y
2

3

*]

=1
o ka.
o w
D

=

<
(4
1
W
(4]

=l

=g
2,
3

X

2

e ‘:‘
<3 &
2
3 oq
£
()
@
—
[=%
(¢}
w w

o=
D
(2]
mp
D
(=N
Q
[~
o=+
o]
P
-]
2

(=%
i
o)
=
oy
D
2]
D
=]
-y
]
3
et

— |
iz
ot
in
=
[§]
g F

=
o

[;
¢
¢
b
N
3
;
§
Ll
c
» o
.
3
(=
=
<2 [in
=3
g
o
£
o
I3
<
3 @
w
b

(e}
®
N
(%)
Q
3
!?
3§
§:
8
S
=)
5
9
-
™
3
S~
()
~

.
A

$
N
-
g
H
-

S
()
>
3
N
-
)
Nyl
[
St
ta
o)
N
g
)
3
(2
L
-
»

l"D ;
O
[}
P
®
3
—
»n
-
=gl
£
=-F
=
(¢

[ 3«
(4]

[+

o

:

(@]
=h
(1))

- %

o
. b

#\]
<
S &S
)
=
o
-
(¢}
[e]
]
)

s
<
@ -
aq,
I:‘ b
[¢]
P d
¥}
ok o D
=
(=
[¢]
[
[
av]
=
Q
=}
o
=
¢

become a seismic interaction hazard source. Conduit was deleted from the caveat since conduit
supported above switchgear is well represented by the earthquake experience data. Additional
support of the cabinet and attached equipment will alleviate these concerns and satisfy the intent of
this caveat.

For the purposes of anchorage checking, the effective weight of any attached conduit and
equipment should be included in the cabinet weight.

LVS/RS Caveat 6 - Externally Attached Items Rigidly Anchored. Externally attached items should

be rigidly attached to the cabinet. The concern addressed by this caveat is that these items could
impact the cabinet and possibly lead to relay chatter, or impact other components of the switchgear
as a seismic interaction hazard. As an example, some electrical cabinets have small, externally
attached panels mounted on hinges to the main cabinet frame. During seismic motion the externally
attached panel may swing and cause significant impact loading to the electrical panel.

LVS/RS Caveat 7 - General Configuration Similar to ANSI C37.20 Standards. The general
configuration of the cabinets should be similar to those constructed to ANSI C37.20 Standards

(Ref. 84). The switchgear does not have to conform exactly to ANSI standards but should be
similar with regard to the gage of the steel, internal structure and support. This caveat is intended
to preclude unusual designs not covered by the equipment class (thin gage material, flimsy internal
structure, etc.) In general, cabinets manufactured by the major manufacturers of switchgear
conform to this caveat if they have not been modified.

LVS/RS Caveat 8 - Cutouts Not Large. Cutouts in the lower half of cabinet sheathing should be
Iess than 30% of the width of the side panel, and the height of the cutout should be Iess then 60%
of the width of the side panel. This caveat aiso applies to side paneis between muiti-bay cabinets.
Cutout restrictions do not apply to the bus transfer compartment if the remaining part of the

enclosure conforms with the cutout limitation. The concern of this caveat is that the shear load
- S RN (L, IR T I

from the earthquake will not be able to be transferred through the shear walis to the anchorage.
Reinforcement around the cutout with additional plate or steel members may alleviate the concern
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LVS/RS Caveat9 - Doors Secured. All doors should be secured by a latch or fastener. The
concern addressed by this caveat is that loose doors could repeatedly impact the housing and be
damaged or cause internal components such as relays to malfunction or chatter

LVS/RS Caveat 10 - Any Other Concerns? SCEs should seek out suspicious details or
uncominon situations not specifically covered by the caveats which could adversely affect the
seismic capacity of the switchgear

8.1.3.2 GERS Caveats - Low-Voltage Switchgear

The seismic capacity for the equipment class of LVS may be based on generic testing data,
provided the intent of each of the caveats listed below is met. This equipment class includes steel
enclosures containing several draw-out type circuit breakers, bus bars, protective/auxiliary relays,
and meters. Units have a maximum rating of 600 VAC or 250 VDC. The metal enclosure
sections are typically 20 to 30 inches wide, 60 inches deep, and 80 to 90 inches high. They are
fabricated of 14 gage (0.0747 inches thick) or heavier steel sheet metal and framed with angles or
other formed members, with anchorage provisions included in the base frame. The weight per
section of the switchgear assembly ranges from 1000 to 1600 pounds. The units should be
mounted within ANSI-type metal enclosures with either welded or bolted anchorage. To exclude
specialty-type switchgear, the equipment class is limited to the following three manufacturers

The GERS (see Figure 8.1.3-2) represent the seismic capacity of a Low-Voltage Switchgear (LVS)
if the switchgear meets the intent of the following inclusion and exclusion rules. Note, however,
that when the specific wording of a caveat rule is not met, then a reason for concluding that the
intent has been met should be provided on the SEWS.

LVS/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The low voltage switchgear
should be similar to and bounded by the LVS class of equipment described above. The equipment

class descriptions are general and the SCEs should be aware that worst case combinations of
certain parameters may not be represented in the generic equipment class. These worst case
combinations may have reduced seismic capacity and should be carefully evaluated on a case-by-
case basis.

LVS/GERS Caveat 2 - Reference Spectrum Caveats Apply. The switchgear should meet all the

caveats given for the Reference Spectrum. This caveat is included to cover the vulnerabilities
identified for the earthquake experience equipment class. Those GERS caveats which are the same
as the Reference Spectrum caveats are not repeated below.

LVS/GERS Caveat 3 - Floor-Mounted Switchgear. The low voltage switchgear must be housed
within a floor-mounted ANSI-type enclosure. This ensures consistency with enclosures included

in the generic seismic testing equipment class.

LVS/GERS Caveat 4 - No Specially-Designed Switchgear. The GERS are not applicable to

specially-designed or custom made switchgear, such as those which have been used in some

reactor trip systems. To preclude their use, the switchgear should be manufactured by either

ITE/Brown Boveri, Westinghouse, or General Electric. These are the manufacturers which

produced the switchgear included in the generic seismic testing equipment class.

LVS/GERS Caveat 5 - Weight Per Section I ess than 1600 Pounds. The maximum weight per
be

- €
S d be less than about 1600 pounds. This is the upper bound weight limit of LVS in the
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LVS/GERS Caveat 6 - Vertical Restraint in the Form of Stops or Brackets. To utilize the 2. 5g
GERS level, vertical restraint in the form of stops or ‘brackets should be prc provided to prevent unhft

of the circuit breaker so that the wheels do not come disengaged from rails.

LVS/GERS Caveat 7 - Reinforcement of Qutside Corners of End Units. To utilize the 2.5g GERS
level, the outside base frame corners of the outer switchgear cabinets in a lineup should have
certain enhancements to improve their seismic ruggedness. For Westinghouse type switchgear, the
outside base frame corners of the outer switchgear cabinets in a lineup should be reinforced. For
the other types of switchgear, the manufacturers (GE, ITE) should be consulted to determine what
enhancements, if any, should be included in their switchgear cabinets to give them this seismic
ruggedness level and then check whether these enhancements have been included on these units.

LVS/GERS Caveat 8 - Adjacent Cabinets Bolted Together. Adjacent cabinets and sections of a
multl-bay cabinet assembly should be bolted together. Adjacent cabinets and sections of multi-bay
cabinet assemblies were bolted together when tested for this generic seismic testing equipment
class.

March 1997 8.1-17



Figure 8.1.3-1 Low-Voltage Switchgear from the Earthquake Experience Database

O
=]
~1
o
o
'
Ju
Lo

March i



GERS-MVS/LVS.7 {Low Voltage)
2/1/91
4 a
n = 0/. NamninA
Lad Y0 wanipiiy
C
i .
r 3 Also %Meets
? : LV‘S/‘GEFro Caveats 9 & 70
' —— \
A / R \
A / : AN
v n : / : ; . ' \‘
c 2 / | N
e A NN\
I /S S AN \
e / / Meets Only: AN
r /S LVS/GERS Caveéats 1 -8 '\
a / \\
b / /S
[ / /
o) 4
n
e | _ 1 | { t | [ | | | | 1|
3 O 1 1 i 1 L 1 1 i
1 10 100
Frennnnr\\l (=)
YUTIIVvYy \Viay
_ PR | P o «1 8 Q9
Frequency (Hz) [ S 10 So
Meets LVS/GERS Caveats i - 10 {g) : 0.7 2.5 2.5 1.5
Meets LVS/GERS Caveats 1 - 8 (g) | 0.5 1 1.8 1.0

Figure 8.1.3-2  Generic Eqt ip ment Rugq edness Spectra (GERS) for Low-Voltage
e B.2-1 of SQUG GIP, Reference 1)

March 1997 8.1-19



8.1.4 MEDIUM-VOLTAGE SWITCHGEAR*

The seismic capacity for the equipment class of medium voltage switchgear (MVS) assemblies (see
Figure 8.1.4-1) may be based on earthquake experience data, provided the intent of each of the
caveats listed below is met. This equipment class consists of one or more circuit breakers and
associated control relays and instrumentation mounted in a sheet metal enclosure. The equipment
class includes electrical switching and fault protection circuit breakers for systems powered
between 2400 and 4160 volts. Medium-voltage circuit breakers are mounted in sheet metal
cabinets which are bolted together, side-by-side, to form a switchgear assembly.

Medium-voltage circuit breakers or load interrupter switches are often integrated into unit
substations that may include a transformer (typically 4160/480 volt), a set of low-voltage
switchgear, or a distribution switchboard. The switchgear assembly also may include internal
transformers, junction boxes, and attached conduit and cables. The basic component of a medium
voltage switchgear assembly is a metal-clad enclosure, typically containing a circuit breaker
compartment in a lower section and a metering compartment in an upper section. The rear of the
enclosure is a separate compartment for primary electrical connections. The enclosure consists of
sheet metal panels welded to a supporting frame of steel angies or channels. Individual enclosures
are typicaily 90 inches in height and approximately 90 inches in depth. The width of an enclosure
typically varies from 24 to 36 inches, depending on the size of the circuit breaker within. The
weight of a metal-clad enclosure ranges from 2000 to 3000 pounds, with the circuit breaker itseif
weighing from 600 to 1200 pounds.

o the swinging doors at the front of the enclosure, or
1 <, :

through cutouts in the
. .

and not solely by the jack lifts.

Air-magnetic circuit breakers typically include the following types of components: spring-actuated
contacts, tripping devices, auxiliary switches, and fuses. Typical capacities for medium voltage
circuit breakers range from 1200 to 3000 amperes.

4 Section B.3 of SQUG GIP (Ref. 1)
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Cutout restrictions do not apply to the bus transfer compartment if the remainin
enclosure conforms with the cutout limitations. The concern of this caveat is th
from the earthquake will not be able to be transferred through the shear w ar
Reinforcement around the cutout with additional plate or steel members may alleviate the concern of

shear transfer.

MVS/RS Caveat 9 - Doors Secured. All doors should be secured by a latch or fastener. The
concern addressed by this caveat is that the doors could open during an earthquake, and the loose
door could repeatedly impact the housing and be damaged or cause internal components such as
relays to malfunction or chatter.

MVS/RS Caveat 10 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the switchgear.

8.1.4.2 GERS Caveats - Medium-Voltage Switchgear

The seismic capacity for the equipment class of metal clad medium-voltage switchgear may be based
on generic testing data, provided the intent of each of the caveats listed below is met. This
equipment class includes steel panel enclosures containing several wheel-mounted draw-out type
circuit breakers, bus bars, auxiliary/ protective relays, transformers, switches, and meters. Units
are medium voltage rated at 5000 VAC. Circuit breakers which must be jacked up to engage
(vertical lift) into the connected position are not included in this class. The equipment in the GERS
equipment class include ANSI C37.20 enclosures whose nominal section sizes are 30 inches wide,
60 inches deep, and 90 inches high. They are fabricated of 12 gage (0.1046 inches thick) or
heavier steel sheet metal and framed with angles or other formed members, with anchorage
provisions included in the base frame. Widths of MVS can range between 24 inches and 42 inches.
Some cubicles can be essentially empty, while other cubicles can house very heavy circuit breaker
units. In general, a single cubicle which houses a circuit breaker can typicaily weigh between 3000
and 5000 pounds. The MVS GERS equipment class covers most medium voltage switchgear used

in facilities for overcurrent protection in primary voitage (normaily 4160 VAC) distribution systems.

The GERS (see Figure 8.1.4-2) represent the seismic capacity of a Medium-Voltage Switchgear
(MVS) if the switchgear meets the intent of the following inclusion and exclusion rules. Note,
however, that when the specific wording of a caveat rule is not met, then a reason for concluding
that the intent has been met should be provided on the SEWS
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MVS/GERS Caveat 4 - No Specially-Designed Switchgear, The GERS are not applicable to
specially-designed or custom made switchgear, such as those which have been used in some
reactor trip systems. Specially-designed switchgear are not included in the generic seismic testing

MVS/GERS Caveat 5 - No Jack-Up or Vertical-Lift Type Breakers. The breakers should be the
wheel-mounted type and not a jack-up or vertical-lift type. This is the only breaker configuration
represented in the generic seismic testing equipment class.

MVS/GERS Caveat 6 - Weight Per Section Less than 5000 Pounds. The maximum weight per
vertical breaker section should be less than about 5000 pounds (review of manufacturer's

submittals is sufficient). This is the upper bound weight limit of sections included in the generic
seismic testing equipment class.

MVS/GERS Caveat 7 - Vertical Restraint of Breaker. To utilize the 2.5g GERS level, vertical
restraint in the form of stops or brackets should be provided to prevent uplift of the circuit breaker
so that the wheels do not become disengaged from the rails.

MVS/GERS Caveat 8 - Horizontal Restraint of Arc Chutes. To utilize the 2.5g GERS level,
horizontal restraint of the circuit breaker arc chutes should be provided. This restraint may take the
form of blocks between adjacent arc chutes and between arc chutes and the wall or frame of the
cabinet.

MVS/GERS Caveat 9 - Relay Model Excluded. The 2.5g level GERS can not be used for

MVS/GERS Caveat 10 - Separate Evaluation of Racking Mechanism. Breaker positioning or
racking mechanisms should be evaluated. There shouid be side-to-side restraint of the breaker to
prevent secondary/auxiliary breaker contacts from opening. The evaluation may consist of a visual
inspection by the SCEs. This caveat is intended to address potential damage or operational
probiems due to excessive relative motion between the drawout breaker and the switchgear cabinet

frame as observed in an exampie from the generic seismic test data.

PUSSRE & | P LRNNy o PNy KL INSRSN » PRy VYR iy LIRSy N AT g L a ) P £~

MVS/GERS Caveat 11 - Adjacent Cabinets Bolted Together. Adjacent cabinets and sections of a
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cabinet assemblies were bolted together when tested for this generic seismic testing equipment
class.
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Figure 8.1.4-1 Medium-Voltage Switchgear from the Earthquake Experience
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8.1.5 DISTRIBUTION PANELSS

The seismic capacity for the equipment class of Distribution Panels (DP) (see Figure 8.1.5-1) may be
based on earthquake experience data, provided the intent of each of the caveats listed below is met.
This equipment class consists of circuit breakers or fusible disconnect switches mounted in vertical
stacks within sheet metal cabinets. The function of distribution panels is to distribute low voltage AC
or DC power from a main circuit to branch circuits, and to provide overcurrent protection. Distribution
panels typically serve AC power systems ranging up to 600 volts and DC power systems ranging up to
250 volts

panelboards. Although switchboards and panelboards perform the same function 1
construction and application. Switchboards are typically floor-mounted assemblies, while panelboards
are usually wall-mounted. Switchboards usually distribute larger quantities of power than
panelboards.

Distribution switchboards are freestanding cabinets containing stacks of circuit breakers or fusible
switches. They have assemblies of circuit breakers or switches mounted into shelf-like cubicles.
Electrical connections are normally routed through enclosed cable compartments in the rear of the
cabinet. A switchboard will sometimes include a main circuit breaker and a power metering section
mounted in separate compartments within the cabinet. Switchboards are often incorporated into
substation assemblies that include motor control centers, transformers, and switchgear. In typical
applications, the completely enclosed (safety) switchboard is almost exclusively used. These
switchboards are completely enclosed in a sheet metal casing. Switchboard dimensions are
standardized with individual sections ranging from 20 to 40 inches in depth and width. The height is
generally 90 inches. Switchboard sections can weigh up to 500 pounds.
Distribution panelboards are defined by the National Electric Code (NEC) (Ref. 85) as panels which
include buses, switches, and automatic protective devices designed for the control or distribution of
power circuits. Panelboards are placed in a cabinet or cutout box which is mounted in or against a wall
m the front. The assembly of circuit breakers contained in a panelboard is
e, which is in turn mounted to the rear or sides of the paneiboard
1s are eithe gged into the steel chassis. A cabie guiter
ards have a wide range of cabinet
in height and width, and 6 to 12

e
rom 30 to 200 pounds.
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8.1.5.1 Reference Spectrum Caveats - Distribution Panels

The Reference Spectrum (RS) represents the seismic capacity of a Distribution Panel (DP) if the panel
meets the intent of the following inclusion and exclusion rules. Note, however, that when the specific
wording of a caveat rule is not met, then a reason for concluding that the intent has been met should be

provided on the SEWS.
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DP/RS Caveat 5 - General Configuration Similar to NEMA Standards. The general configuration
of the distribution panel should be similar to those constructed to NEMA Standards. The unit does
not have to conform exactly to NEMA Standards, but should be similar with regard to the gage of
steel, internal structure and support. This caveat is intended to preclude unusual designs not
covered by the equipment class (thin gage material, flimsy internal structure, etc.). In general,
units manufactured by the major manufacturers of distribution panels conform to this caveat if they
have not been modified.

DP/RS Caveat 6 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the panel.

8.1.5.2 GERS Caveats - Distribution Panels

The seismic capacity for the equipment class of Distribution Panels (or load centers) may be based
on generic testing data, provided the intent of each of the caveats listed below is met. This
equipment class consists of individual molded-case circuit breakers and fused disconnect switches
housed in NEMA-type floor and wall enclosures. Units are low voltage rated at 600 VAC (480
VAC nominal) or 250 VDC. A distribution panel receives its electrical power from the facility
distribution system and distributes this power to each of the circuit breakers and fused disconnect
switches by an internal arrangement of vertical and horizontal bus bars. This equipment class
covers distribution paneis which contain circuit breakers and switches. For panels which contain
an occasional relay or motor starter, the GERS only applies to the remainder of the panel and
components mounted on the panel, not to the relay or motor starter. The evaluation of relays and
motor starters is covered in Chapter 11.

Floor-mounted (freestanding) distribution panels are denoted as Switchboards (NEMA Standard
Publication No. PB2 {Ref. 86)). The typical floor enclosure is 90 inches high, 36 inches wide,
and 20 inches deep.



Wall-mounted (either flush or surface mount) distribution panels are denoted as Panelboards
(National Electrical Code NFPA/ANSI No. 70 (Ref. 85)). Wall-mounted enclosures vary in size,
with nominal dimensions ranging up to 48 inches high, 24 inches wide, and 12 inches deen

The GERS (see Figure 8.1.5-2) represent the seismic capacity of a Distribution Panel (DP)
(Switchboard or Panelboard) if the panel meets the intent of the following inclusion and exclusion
rules. Note, however, that when the specific wording of a caveat rule is not met, then a reason for
concluding that the intent has been met should be provided on the SEWS.

DP/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The distribution panel should be
similar to and bounded by the DP class of equipment described above. The equipment class
descriptions are general and the SCEs should be aware that worst case combinations of certain
parameters may not be represented in the generic equipment class. These worst case combinations
may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

DP/GERS Caveat 2 - Reference Spectrum Caveats Apply. The panel should meet all the caveats
glven for the Reference Spectrum. This caveat is included to cover the vulnerabilities identified for
the earthquake experience equipment class. Those GERS caveats which are the same as the

r

Reference Spectrum caveats are not repeated beiow.

DP/GERS Caveat 3 - Freestanding, Designated Switchboard. The Switchboard GERS can be
sed ()n‘y if the unit is freestanding and ae51gnatea as a switchboard by the manufacturer;

P PR i | ‘IA

use
otherwise the Panelboard GERS should be used. A review of manufacturer's submittals and parts

T
list is sufficient. These iwo subclasses (Switchboard and Paneiboard) have different seismic
capacity based on the generic seismic test data.
DP/GERS Caveat 4 - Circuit Breaker Model Excluded. The GERS cannot be used for distribution
panels that contain the Westinghouse "Quicklag" Type E circuit breakers. This Cm‘:uit breaker
model has been shown to trip at levels below the 2.5g GERS. A review of manufacturer's
submittals and parts listed is sufficient to determine whether this type of circuit breaker is used.
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Figure 8.1.5-1

Distribution Panels from the Earthquake Experience Database
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8.1.6 TRANSFORMERSS

The seismic capacity for the equipment class of transformers (TRN) (see Figure 8.1.6-1) may be
based on earthquake experience data, provided the intent of each of the caveats listed below is met.
This equipment class includes the unit substation type, typically 4160/480 volts, and the
distribution type, typically 480/120 volts. Main power transformers with primary voltages greater
than about 13,800 volts are not included in this equipment class. Small transformers that are
components of electrical equipment, such as motor control centers or control panels, are also not
included in this equipment class but are addressed as components of other classes of electrical
equipment.

Unit substation transformers step power down from the medium voltage levels (typically 4160
volts for use in large mechanical equipment) to lower voltage levels (typically 480 volts) for use in
smaller equipment. Distribution transformers usually step power from the 480 volt level to the 120
to 240 volt level to operate small mechanical equipment, battery chargers, or lighting systems.

Unit substation transformers included in the equipment class can be freestanding or attached to
motor control centers or switchgear assemblies. They typically have primary voltages of 2400 to
4160 volts, and secondary voltages of 480 volts. This transformer type may be either liquid- or
air-cooled. Liquid-cooled units typically consist of a rectangular steel tank filled with oil or a
similar insulating fluid. The transformer coils are submerged in a liquid bath which provides
cooling and insulation within the steel tank casing. Most liquid-filied transformers have one or
more radiator coils attached to the side of the transformer.

Air-cooled or dry-type unit substation transformers are similar in size and construction to liquid-
cooled units, except the transformer coils are mounted in a ventilated steel enclosure, rather than a

PP A5% By TR I

liquid bath. Larger air-cooled unit substation transformers may have smaii fans mounted to their
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Reference Spectrum

The Reference Spectrum (RS) represents the seismic capacity of a Transformer (TRN) if the
transformer meets the intent of the following inclusion and exclusion rules. Note, however, that

when the specific wording of a caveat rule is not met, then a reason for éonéluding that the intent
has been met should be provided on the SEWS.

6 Section B.4 of SQUG GIP (Ref. 1)
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TRN/RS Caveat 1 - Earthquake Experience Equipment Class. The transformer should be similar
to and bounded by the TRN class of equipment described above. The equipment class descriptions
are general and the SCEs should be aware that worst case combinations of certain parameters may
not be represented in the generic equipment class. These worst case combinations may have
reduced seismic capacity and should be carefully evaluated on a case-by-case basis
TRN /pS Cavpaf 2 - Ratinn f_Ar 16 AVA or Ta Tha l-rons-f-'nrmar Sl—uonld hntrn a 4'16 WV vats

. . ¢
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dry and oil-type units, the transformer coils should be positively restrained within their cabinet so
that relative sliding and rocking motions between the transformer coil and their cabinet is kept to an
acceptable level. The concern is that excessive relative motions may damage the wiring yoke, or
that the coils may come in contact with their cabinet which mav resultina s cirenit or damaoe
that the coils may t which may result in a short circuit or damage
to the electrical insulation. This caveat especially applies to transformers whose installation
procedure recommends that bolts used to anchor the coils during shipping be removed. If the unit
is factory-sealed or constructed so that removing shipping anchors is precluded, no internal

LY Ll

inspection is necessary.

TRN/RS Caveat 4 - Coils Top Braced or Analyzed for Large Transformers. Large transformers of
750 kVA or larger should also have the top of the coils braced by a structural frame or should be
analyzed for adequate restraint. If the unit is factory-sealed or constructed so that removing
shipping anchors is precluded, no internal inspection is necessary.

TRIN/RS Caveat 5 - Clearance Between Energized Component and Cabinet. For 750 kVA

transformers and larger, there should be at least a 2-inch gap between the energized component and
the upper portion of the transformer cabinet. If the gap is less than 2 inches, it should be evaluated
by analysis that there is sufficient gap and/or there should be provisions for relative lateral
displacement to preclude contact between the energized component and the cabinet. The concern is
that without adequate clearance, transformers could be shorted out during the earthquake and
thereby rendered inoperable.

TRN/RS Caveat 6 - Adequate Slack in High Voltage Leads. For 750 kVA transformers and larger,

the connection between the high voltage leads and the first anchor point should accommodate at
least a 3-inch relative displacement, or should be analyzed for adequate slack for relative
displacement.

TRN/RS Caveat 7 - Wall-Mounted Units Anchored Close to Enclosure Support. The transformer

coil contained in wall-mounted units should have engineered anchorage and be anchored to its
enclosure near the enciosure support surface. The concern is that a well-engineered load path
shouid exist for earthquake loadings from the transformer coil (which is relatively massive),
through the enclosure, and to the enclosure support. If the transformer coil is not anchored to the
enclosure near the enciosure support surface, a caicuiation can be performed to show that the
earthquake loadings can be transferred to the anchorage.

TRIN/RS Caveat 8 - Weak-Way Bending. The base assembly of floor-mounted units should be
properly braced or stiffened such that lateral forces in any direction do not rely on weak-way
bending of sheet metal or thin webs of structural steel shapes. If unbraced or unstiffened steel
webs are used, they should be specially evaluated so that adequate strength and stiffness is
AAAAAAA A
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The seismic capacity for the equipment class of Transformers may be based on generic testi
provided the intent of each of the caveats listed below is met. This equipment class includes
dry-type transformers. The equipment in the GERS equipment class is limited to units which
range from 7.5 to 225 KVA capacity with either single- or three-phase voltage ratings of 120-480
volts AC. These transformers are housed in NEMA-type (Ref. 82) metal enclosures which can be

either wall-mounted or floor-mounted.

The GERS (see Figure 8.1.6-2) represent the seismic capacity of a Transformer (TRN) if the
transformer meets the intent of the following inclusion and exclusion rules. Note, however, that
when the specific wording of a caveat rule is not met, then a reason for concluding that the intent
has been met should be provided on the SEWS.

TRN/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The transformer should be

similar to and bounded by the TRN class described above. The equipment class descriptions are
general and the SCEs should be aware that worst case combinations of certain parameters may not
be represented in the generic equipment class. These worst case combinations may have reduced
seismic capacity and should be carefully evaluated on a case-by-case basis.

TRN/GERS Caveat 2 - Reference Spectrum Caveats Apply. The transformer should meet all the
caveats given for the Reference Spectrum. This caveat is included to cover the vulnerabilities

identified for the earthquake experience equipment class. Those GERS caveats which are the same
as the Reference Spectrum caveats are not repeated below.

TRN/GERS Caveat 3 - Only Dry-Type Transformer. The transformer should be a dry-type unit.

Oii-filied units are excluded as they are not included in the generic seismic testing equipment class.

AT £ A

TRN/GERS Caveat 4 - NEMA-Type Enclosure. The transformer shouid be housed within a wali-
or floor-mounted NEMA-type enclosure (review of manufacturer's submittals is sufficient). This
is the enclosure type represented by the generic seismic testing equipment class.

rmer should have a single- or

Lonn sl ncn s;malénaa wn s ~AE 1NN AON <A1 ALY faamcsinces ~F s PRSI SIS TV PRI DU,
tr CC-pPLIAdC Ultd.gc Iaullg vl 14U-40VU voits AC UICVICW Ol H1anuldCLlurcr S SuUoimtuadls or irdans-
Lt tmnntmmn mlata 1o arr bl ami)
1OL1IICT 1L 1C-P1ate 1> SULLICICLIL)

nxran nrmanit; ~ ~ Thha tenncfrmmane oozl d lhacrn o Anmaniécr ~F

TRN/GERS Caveat 6 - Capacity of 7.5 to 225 KVA. The transformer should have a capacity of
i ! 3 Netnar mnama mlata 20 o FL AL Awd)
7.5 to 225 KVA (review of manufacturer's submittals or transformer name-plate is sufficient).



TRN/GERS Caveat 7 - Weight of 180-2000 Pounds. The transformer should weigh between 180
and 2000 pounds (review of the manufacturer's submittals or transformer name-plate is sufficient).

TRN/GERS Caveat 8 - Transformer Internal Supports. The internal supports should provide
positive attachment of the transformer components (a force transfer path for seismic loads is

necessary).

TRN/GERS Caveat 9 - Sufficient Clearance Between Bare Conductors and Enclosure. The

clearance between any bare conductor and the transformer enclosure should be at least 3/8 inch.
The concern is that without adequate clearance, transformers could be shorted out during the
earthquake and thereby rendered inoperable.

TRN/GERS Caveat 10 - Adjacent Cabinets Bolted Together. Adjacent cabinets and sections of a
multi-bay cabinet assembly should be bolted together. Adjacent cabinets and sections of multi-bay

cabinet assemblies were bolted together when tested for this generic seismic testing equipment
class.
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Figure 8.1.6-1 Transformers from the Earthquake Experience Database
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Figure 8.1.6-2  Generic Equipment Ruggedness Spectra (GERS) for Dry-Type
Transformers (Reference 40) (Figure B.4-1 of SQUG GIP,
Reference 1)
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The primary components of battery chargers include solid-state diodes, transformer coils,
capacitors, electronic filters, and resistors. In addition, the primary components are usually
protected from electrical faults by molded case circuit breakers and fuses. The internal components
are normally bolted either to the rear panel or walls of a cabinet, or to interior panels or steel frames
mounted within a cabinet. The front panel of the cabinet typically contains instrumentation and
controls, including ammeters, voltmeters, switches, alarms, and control relays. Inverters contain
primary components similar to those found in battery chargers. Virtually all inverters use solid
state components.

Battery chargers and inverters are typically mounted in separate cabinets, but they are sometimes
supplied as an assembly of two adjoining cabinets. The smallest units are wall-mounted or rack-
mounted with typical dimensions of 10 to 20 inches in height, width, and depth, and typical
weights of 50 to 200 pounds. Typical cabinet dimensions for larger floor-mounted units are 20 to
40 inches in width and depth, and 60 to 80 inches in height. The weights of the floor-mounted
chargers and inverters range from several hundred to several thousand pounds. Typical AC
voltages to battery chargers and from inverters range from 120 to 480 volts. Voltages in DC
power typically range from 24 to 240 volts.

Industry standards are maintained for the construction of cabinets by the National Electrical
Manufacturers Association (Ref. 82) and Underwriters Laboratories (Ref. 83). These standards
determine the minimum structural framing and sheet metal thickness for charger and inverter
cabinetry as a function of size.

Solid-state inverters and battery chargers are inciuded in the equipment class in freestanding, rack-
mounted, and wall-mounted configurations. The Battery Charger and Inverter equipment class
includes the sheet metal enclosure, all internal components, junction boxes, and attached cable or
conduit.

7 Section B.16 of SQUG
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8.1.7.1 Reference Spectrum Caveats - Battery Chargers and Inverters

The Reference Spectrum (RS) represents the seismic capacity of a Battery Charger or Inverter
(BC) if the equipment meets the intent of the following inclusion and exclusion rules. Note,
however, that when the specific wording of a caveat rule is not met, then a reason for concluding
that the intent has been met should be provided on the SEWS

BCU/RS Caveat ! - Earthquake Experience Equipment Class. The battery charger or inverter
should be similar to and bounded by the BCI class of equipment described above. The equipment
class descriptions are general and the SCEs should be aware that worst case combinations of
certain parameters may not be represented in the generic equipment class. These worst case
combinations may have reduced seismic capacity and should be carefully evaluated on a case-by-

units, the transformer, which is the heaviest component of this equipment, sh
anchored and mounted near the base of the cabinet. If not mounted near the base, then th
path should be specially evaluated. The concern is that the lateral earthquake loads on the
transformer will not be properly transferred to the equipment base. The load path evaluation majy
use judgment or simple calculations to ensure that the structure can transfer these loads.

BCI/RS Caveat 3 - Transformer Mounted Near Base of Floor-Mounted Units.
i e

BCI/RS Caveat 4 - No Reliance on Weak-Way Bending of Steel Plate or Structural Steel Shapes.
The base assembly of floor-mounted units should be properly braced or stiffened such that lateral
forces in any direction do not rely on weak-way bending of sheet metal or thin webs of structural
steel shapes. If such unbraced or unstiffened steel webs exist, they should be investigated and
evaluated for adequacy by the SCEs to check the strength and stiffness.

BCI/RS Caveat 5 - Load Path Check for Wall-Mounted Units. If the battery charger or inverter is
a wall-mounted unit, the transformer supports and bracing should be visually reviewed for a
proper load path to the rear cabinet wall. Lateral earthquake loads on the heavy transformer need to
be properly transferred to the anchorage.

BCI/RS Caveat 6 - Doors Secured. All doors should be secured by a latch or fastener. The
concern addressed by this caveat is that the doors could open during an earthquake and the loose
door could impact the housing and be damaged or cause internal components to malfunction.

BCI/RS Caveat 7 - Adjacent Cabinets Bolted Together. Adjacent cabinets which are close enough
to impact each other, and sections of multi-bay cabinet assemblies should be bolted together if any
of these cabinets contains essential relays as defined in Chapter 11. The concern addressed in this
caveat is that unbolited cabinets could respond out of phase to one another and cause impact
loadings and high frequency vibration loadings which could cause any impact sensitive essential
relays to chatter.

situations not specificaily covered by the caveats which could adversely affect the seismic capacity
of the battery charger or inverter
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RS (see Figures 8.1.7-2 and 8.1.7-3) represents the seismic capacity of a Battery Charger

o </ 1vplivo

nd 8.1.7- a
or Inverter (BCI) if the equipment meets the intent of the following inclusion and exclusior
n t

L Et5ATCo O. 1

Note, however, that when the specific wording of a caveat rule is not me

BCI/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The battery charger or inverter
should be similar to and bounded by the BCI class of equipment described above. The equipment
class descriptions are general and the SCEs should be aware that worst case combinations of
certain parameters may not be represented in the generic equipment class. These worst case
combinations may have reduced seismic capacity and should be carefully evaluated on a case-by-

case basis.

BCI/GERS Caveat 2 - Reference Spectrum Caveats Apply. The battery charger or inverter should
meet all the caveats given for the Reference Spectrum. This caveat is included to cover the
vulnerabilities identified for the earthquake experience equipment class. Those GERS caveats
which are the same as the Reference Spectrum caveats are not repeated below.

BCI/GERS Caveat 3 - SCR Power Controls Within NEMA-Type Enclosure. The battery charger
or inverter should be a solid-state unit with SCR power controls (C&D, PCP, or Exide for battery

chargers) (Elgar, Solid State Controls, Staticon for inverters). Battery charger units should be
wall- or floor-mounted within a NEMA-type enclosure (review of manufacturer's submittals is
sufficient). Only floor mounted inverter units are permitted. The enclosure does not have to
conform exactly to NEMA standards but shouid be similar with regard to the gage of the steel,
internal structure and support. The purpose of this caveat is to ensure similarity with the power
controls and enclosure type of the generic seismic testing equipment class.

BCI/GERS Caveat 4 - Battery Charger Size and Capacity Range. Battery Charger size and
capacity should be within the following range: 24 to 250 VDC, 120 to 480 VAC, 25 to 600 amps;

and weight in the range of 150 to 2,850 pounds with wall-mounted units limited to 600 pounds

(review of manufacturer's submittais or Battery Charger nameplate is sufficient). This represents
the size and capacity limits of the generic seismic testing equipment class.
March 1997 8.1-39



BCI/GERS Caveat 5 - Inverter Size and Capacity Range. Inverter size and capacity should be
within the following range: 120 VDC, 120 to 480 VAC, 0.5 to 15 KVA; and welght in the range

of 300 to 2,000 pounds (Review of manufacturer's submittals or inverter nameplate is sufficient. )
This represents the size and capacity range of the generic seismic testing equipment class.

BCI/GERS Caveat 6 - Cutouts Require Separate Evaluation. Heavy components should, in

general, be located in the lower half of the enclosure height and either supported from the base or
rear panel. If cutouts are adjacent to support points for heavy internal components, a separate
evaluation is required. The concern is that the seismic load will not be able to be transferred
through the shear panels to the anchorage.

BCI/GERS Caveat 7 - Adjacent Cabinets Bolted Together. Adjacent cabinets and sections of a
multi-bay cabinet assembly should be bolted together. Adjacent cabinets and sections of multi-bay

cabinet assemblies were bolted together when tested for this generic seismic testing equipment
class.
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Figure 8.1.7-1

Inverter from the Earthquake Experience Database
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Battery Chargers and Inverters
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Battery Chargers and lnverters
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(Reference 40 )(Elgure B.16-2 of SQUG GIP, Reference 1)
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A vertical switchboard is a single reinforced sheet metal instrument panel, which is either braced
against an adjacent wall or built into it. An enclosed switchboard is a freestanding enclosed sheet
metal cabinet with components mounted on the front face, and possibly on the interior walls. The

front or rear panel is usually hinged as a single or double swinging door to allow access to the
interior. A dual switchboard consists of two vertical panels braced against each other to form a
freestanding structure, with components mounted to both front and rear panels. The sides are
usually open, and the two panels are joined by cross members spanning between their tops. A
duplex switchboard is similar to a dual switchboard, except that it consists of a panel fully enclosed
by sheet metal on all sides, with access through doors in the two side panels.

A benchboard consists of a control desk with an attached vertical panel. A control desk has
components mounted on the desk top, and interior access through swinging doors in the rear. The
single panel is similar to a vertical switchboard and is normally braced against or built into a wall.
A dual benchboard is similar to a dual switchboard, but the lower half of the front panel is a desk
console. A duplex benchboard is similar to a duplex switchboard, a totally enclosed panel, but
with a desk console in the lower half of the front panel. .

Panel and cabinet enclosures normally consist of steel angles, channels, or square tubes welded
together, with sheet metal siding attached by spot welds. Large panels are typically made of
individual sections bolted together through adjoining framing. The cabinet may or may not include
a sheet metal floor or ceiling.

Electronic or pneumatic instrumentation or control devices attached to sheet metal panels or within
sheet metal cabinets are included in the equipment class. The Instrumentation and Control Panels
equipment class includes the sheet metal enclosure, switches, push buttons, panel lights,
indicators, annunciators, gauges, meters, recorders, relays (provided they meet relay
requirements), controiiers, solid-state circuit boards, power supplies, tubing, wiring, and terminal
blocks.

e )

here are no GE.

no

for Instrumentation and Control Panels

8 Section B.20 of SQUG GIP (Ref. 1)
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evaluated on a case-by-case basis.
I&C/RS Caveat 3 - Evaluate Strip Chart Recorders Separately. Strip chart recorders should be
evaluated separately. The concern is that long, narrow recorders which are cantilevered off the
panel may not have adequate structural support. Strip chart recorders are commonly supported on
compression-type mounting brackets supplied by the manufacturer. These types of support
brackets are inherently rugged and generally adequate for transfer of seismic loads. If there are no
support brackets, or the support system appears to be a custom design, or the SCEs have any
concerns regarding the adequacy of the bracket, then the support system should be subject to
further evaluation.

I&C/RS Caveat 4 - Structural Adequacy. The steel frame and sheet metal should be evaluated for
adequacy. Engineering judgment may be used to determine that an adequate load path exists to
transfer the lateral earthquake loads to the foundation.

I&C/RS Caveat 5 - Adjacent Cabinets or Panels Bolted Together. Adjacent cabinets or panels

which are close enough to impact each other and sections of multi-bay assemblies should be bolted
together if any of these assemblies contain essential relays as defined in Chapter 11. The concern
addressed in this caveat is that unbolted cabinets or panels could respond out of phase to one
another and impact each other during an earthquake. This would cause additional impact loadings
and high frequency vibration loadings which could cause any essential relays to chatter.

1&C/RS Caveat 6 - Drawers or Equipment on Slides Restrained. Drawers or equipment on slides

should be restrained to prevent them from falling out during seismic motion. The concern is that
the components in the drawer couid slide and become damaged, or siide out and fall onto some
other fragile essential component in the vicinity. A latch or fastener should secure these sliding
components.

1&C/RS Caveat 7 - Doors Secured. All doors should be secured by a latch or fastener. The
concern addressed by this caveat is that loose doors could repeatedly impact the housing and be
damage d use internal components such as relays to maifunction or chatter.

IO M oo o] A cavs M) a0 f Vncnnmarean®) O Alanaald mal ot el Ao b PR
I1&C/RS Caveat 8 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
e oy am amm i e nn ey PN - A noranta rrrhinle Al A A dermwnmle; Aflant thhn amiainina Aneennidcr
ti specificall d by the caveats which could adversely affect the seismic capacit

of the cabinet or pan
March 1997 8.1-45
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d Control Panels from the Earthquake
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electric signal for transmission to the main control panel.

gauges, recorders, hand switches, manifold valves, and solenoid valves. Attachments to
instrument racks include steel or plastic tubing, conduit, and junction boxes.

Freestanding, wall-mounted, and structural column-mounted instrument racks of bolted and
welded steel construction are included in the equipment class along with the components mounted
on them. Both pneumatic and electronic components, as well as associated tubing, wiring, and
Jjunction boxes, are included in the Instruments on Racks equipment class.

8.1.9.1 Reference Spectrum Caveats - Instruments on Racks

The Reference Spectrum (RS) represents the seismic capacity of Instruments on Racks (IR) if the
instruments and racks meet the intent of the following inclusion and exclusion rules. Note,
however, that when the specific wording of a caveat rule is not met, then a reason for concluding
that the intent has been met should be provided on the SEWS.

IR/RS Caveat 1 - Earthquake Experience Equipment Class. The instruments and racks should be

similar to and bounded by the IR class of equipment described above. The equipment class
descriptions are general and the SCEs should be aware that worst case combinations of certain
parameters may not be represented in the generic equipment class. These worst case combinations
may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

IR/RS Caveat 2 - Evaluate Computers and Programmabie Controliers Separately. Computers and

programmable controllers should be evaluated separately. The concern is that the subclass of

computers and programmable controilers is so diverse that they may not be adequately represented

by the earthquake experience equipment class. Computers and programmable controllers should
i} : .

therefore be evaluated on a case-by-case basis. Component specific test data for computers and

Y PO PR

programmable controliers may be used to resolve this concern
9 Section B.18 of SQUG GIP (Ref. 1)
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IR/RS Caveat 4 - Adjacent Racks Bolted Together. Adjacent racks which are close enough to
1 1 i 1 th if v nfthaon
impact each other and sections of multi-bay assemblies should be bolted together if any of these
assemblies contain essential relays as defined in Chapter 11. The concern addressed in this caveat
is that adjacent, unbolted racks could respond out of phase to one another and impact each other
during an earthquake. This would cause additional impact loadings and high frequency vibration
1 d canse o
d e esse

be
testing data, provided the intent of each of the caveats listed below is met. This equipment
includes four kinds of transmitters: pressure, temperature, level, and flow. The racks for the:
instruments are not covered in the generic seismic testing equipment class. Tr i ar
to transmit signals received from transducers which monitor operating conditions. The transmi
send electric signals to control panels for use by safety systems, facility control systems, alarm
systems and operator displays. Some transmitters are designed for remote rack or control panel
mounting while others are mounted adjacent to the transducer. The term "transmitter" is also used
for the transducer/signal conditioner combination when the transducer and signal conditioner are
integral. This is the usual case for flow, pressure, and level transmitters. Temperature transmitters
are usually remote from the transducer. In general, transmitters range in size from a few pounds to
about 40 pounds; however, the majority of the transmitters weigh only a few pounds. The largest
physical dimension of a transmitter is usually less than about 12 inches.

The seismic capacity for the equipment class of Instruments on Racks may
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The GERS (see Figure 8.1.9-2) represent the seismic capacity of a pressure, temperature, level, or
flow transmitter if the transmitter meets the intent of the following inclusion and exclusion rules.
Note, however, that when the specific wording of a caveat rule is not met, then a reason for
concluding that the intent has been met should be provided on the SEWS.

IR/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The transmitter should be similar

to and bounded by the IR class of equipment described above. The equipment class descriptions
are general and the SCEs should be aware that worst case combinations of certain parameters may
not be represented in the generic equipment class. These worst case combinations may have
reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

IR/GERS Caveat 2 - Reference Spectrum Caveats Apply. The transmitter and its supporting rack,

when present, should meet ali the caveats given for the Reference Spectrum. This caveat is
inciuded to cover the vulnerabilities identified for the earthquake experience equipment ciass.
Those GERS caveats which are the same as the Reference Spectrum caveats are not repeated
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IR/GERS Caveat 4 - Specific Transmitter Models Included. There is a wide diversity of

transmitter types and mechanical properties. Specific manufacturer/models were tested for function
during an earthquake. The tested transmitters in the generic seismic testing equipment class
include: Foxboro E96, E13, E916; Devar 18-119; Rosemount 1151, 1152, 442; Robertshaw 161;
Love 48, 54, 8100, 1106; Kepco PCX; Travis P8, P24,

This caveat may be satisfied for other models of transmitters by performing a case-by-case
evaluation of similarity to one of the above models.

IR/GERS Caveat 5 - Seismic Induced System Changes Should be Evaluated. Transmitters are

sometimes sensitive to system perturbations. The concern is that the earthquake may induce
system changes (i.e., pressure, flow, and level variation) which may have the same effect on the
system being controlled as if the transmitter malfunctioned. For example, a level switch used to
measure the oil level in the crank case of an emergency diesel-generator (EDG) may be tripped
during an earthquake when the oil is sloshing. This reading may inadvertently cause the EDG to
trip off line. This caveat is also addressed in the Relay Functionality Review in Chapter 11.

IR/GERS Caveat 6 - No Vacuum Tubes. Vacuum tubes should not be used as internal electrical
components. The concern is that glass tubes are especially vuinerable to earthquake damage.

IR/GERS Caveat 7 - Ali Mounting Bolis in Piace. Al external mounting boits (transmitter to
bracket and bracket to support) should be in place. This is the condition under which the
transmitters were tested during the generic seismic tests.
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Figure 8.1.9-1 Instruments on Racks from the Earthquake Experience Database
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aveat 4 - Any Other Concerns

displacement between the mounting of the connection head and the mounting of the temperature

a1

of Detrimental Differential Displacement. Detrimental differential

includes solid-state electronics for temperature sensors. The concern is that electronics that are not
of the solid-state variety (glass tubes, etc.) are vuinerable to earthquake damage.

s
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sensor should not occur. The concern is that the differential displacement ma

-
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situations not specifically covered by the caveats which could adversely affect the seismic capacity
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id State Eiectronics. The electronics associated with the temperature sensor
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b
y]
Ak

Reference Spectrum Caveats - Temperature Sensors

at 3 - Soli

erature Se

1

¥

Cave

S

been met should be provided on the SEWS.

S/R
TS/RS C

x

parameters may not be represented in the generic equipment class. These worst case combinations
should be solid state (i.e., no vacuum tubes). The earthquake experience equipment class only

The Reference Spectrum (RS) represents the seismic capacity of a Temperature Sensor (TS) if the
may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

TS/RS Caveat 1 - Earthquake Experience Equipment Class. The temperature sensor should be

There are no GERS for Temperature Sensors.

TS/RS Caveat 2 - No Possibili

OI ne temperatur

The Temp
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Figure 8.1.10-1  Temperature Sensor



8.2 MECHANICAL EQUIPMENT
8.2.1 FLUID-OPERATED /AIR-OPERATED VALVES!

The seismic capacity for the equipment class of Fluid-Operated Valves (FOV) and Air-Operated
Valves (AOV) (see Figure 8.2.1-1) may be based on earthquake experience data, provided the
intent of each of the caveats listed below is met. This equlpment class includes a wide diversity of
valve sizes, types, and applications, which are actuated by air, water, or oil. Liquid-operated (i.e.,
hydraulic) piston valves are not included in the FOV class of equipment because they have not been
reviewed in sufficient detail to be included.

The main types of fluid-operated valves are dlaphragm-operated plston-operated and pressure
relief valves. The most common type of fluid-operated valve found in facility applications is a
spring-opposed, diaphragm-operated pneumatic valve. The bell housing contains a diaphragm
(usually a thin, steel membrane) which forms a pressure barrier between the top and bottom
sections of the housmg The position of the actuated rod (or valve stem) is controlled by a return
sprmg and the differential pressure across the dlaphragm The actuated rod position, in turn,
controls the posmon of the valve. A yoKe supports the bell housing and connects it to the valve
body. A solenoid vaive or, on 1arger vaives, a pneumatlc relay controis the air pressure difference
across the mapnragm This solenoid vaive or pneumatic relay is often mounted directly to the
operator yoke.

Piston-operated valves are similar to apnragm—operatea valves, with a piston replacing the
aphragm as the valve actuator. The pision typicaily acts in opposition to a spring to control the

P

al

PR VL SRS % TS TN

POSILOLN O UIC Vdlve.

Deacoiirs valinf valuac ara alen 1nrhiidad in thic amiiimmant Aloce Draccirea wall 1

FICSSUIC ICIICL VALVES arc daiso inCiudca m uis equipment Ciass. rressure relief vaives balance
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coniined iiuid pressure against the torce of a spring. The actuating force in a pressure relief vaive

10 crrmmnlinAd e thhn fliaid that 10 ~nnnfeand Tavr #lhn cralera TMold o mcndimcan nsem dorentmndlos ~ St N
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body, or the actuator can be attached to the valve through a flanged, threaded, or ring clamp

cannantinn

CULILIVALLIUILL

The valve, the operator, the inlet and outlet lines up to their first support on the building or nearby

structure, and peripheral attachments (air lines, pneumatic relays, control solenoids, and conduit)

are included in the Fluid-Operated Valve equipment class. The valve may be of any type, size, or

orientation

WA LWLLILGRLLIVLL

8.2.1.1 Reference Spectrum Caveats - Fluid-Operated Valves

The Reference Spectrum (RS) represents the seismic capacity of a Fluid-Operated Valve (FOV) if

the valve meets the intent of the following inclusion and exclusion rules. Note, however, that

when the snecific wording of a caveat rule is not met. then a reason for concludine that the intent
p g s not met, then a reason for concluding that the intent

has been met should be provided on the SEWS

FOV/RS Caveat 1 - Earthquake Experience Eauipment l-_ss. The valve should be similar to and
bounded by the FOV class of equipment described above. The equipment class descriptions are
general and the SCEs should be aware that worst case comb1nat1 ons of certain parameters may not

be represented in the generic equipment class. These worst case combinations may have reduced
seismic capacity and should be carefully evaluated on a case-by-case basis.

1 Section B.7 of SQUG GIP (Ref. 1)
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FOV/RS Caveat 2 - Valve Body Not of Cast Iron. The valve body should not be made of cast
iron. The intent of this caveat is to avoid the brittle failure mode of cast iron as evidenced by the
poor performance of some cast iron components in past earthquakes. It is not necessary to
determine the material of the valve body unless it appears to the SCEs that the body is made of cast
iron. It is suggested that the material of a flanged valve be checked. In such cases, if the valve is
indeed cast iron, the intent of this caveat is satisfied if seismic stresses in the valve body due to
piping loads are low (for example, less than 20% of specified minimum ultimate tensile strength).

FOV/RS Caveat 3 - Valve Yoke Not of Cast Iron for Piston-Operated Valves and Spring-Operated

Pressure Relief Valves. The yoke of piston-operated valves and spring-operated pressure relief
valves should not be made of cast iron. The intent of this caveat is to avoid the brittle failure mode
of cast iron as evidenced by the poor performance of some cast iron components in past
earthquakes. It is not necessary to determine the material of the valve yoke unless it appears to the
SCEs that the yoke 1s made of cast iron. In such cases, if the yoke is indeed cast iron, this caveat
may be satisfied by performing a stress analysis of the valve for a 3g load applied at the center of
gravity of the operator in the yoke's weakest direction. If the yoke stress is low (for example, less
than 20% of specified minimum uitimate strength), then the intent of the caveat is satisfied.

FOV/RS Caveat 4 - Mounted on i-Inch Diameter Pipe Line or Greater. The valve should be
mounted on a pipe line of at least 1-inch diameter. This is the lower bound pipe size supporting
FOVs in the earthquake experience equipment class. The concern is that vaives with heavy

erators on small lines may cause an overstressed condition in the adjacent piping. To satisfy the
¢ analysis (that accounts for the valve operator eccentricity) may be used
valve is low. There is no concern if the vaive, the
-h) are well-supported and anchored to the same support
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a static force equal to three times the operator weight should be applied approximately at the center
of gravity of the operator, in each of the three orthogonal 1] axe
concurrently). Such tests should include demonstration of operability, i.e., the valy T 1
close, following the application of the static loads. Note that all of the other limitations still apply.

Alternately, an in-situ static test may be conducted to demonstrate seismic adequacy. In these tests,
at

oy
1
9
)
L
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-
I

A mockup test stand may be used provided that the details are similar to those in the facility. If
there are numerous valves, a rational test program may be developed to envelop the valve
configurations in the facility.
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FOV/RS Caveat 6 - Valve Operator Cantilever Length for Substantial Piston-Operated Valves. For

piston-operated valves which are of substantial weight, the distance from the centerline of the pipe
to the top of the operator or cylinder and the weight of the operator should not exceed the values
given in Figure 8.2.1-3 corresponding to the diameter of the pipe. This figure represents the pipe
diameter and operator weight/length combinations included in the earthquake experience equipment
class. The concern is that longer operator lengths or heavier operator weights may lead to
excessive valve yoke stress. '

To meet the intent of this caveat the operator length or weight may be extrapolated by as much as
30% beyond that given in Figure 8.2.1-3 provided the product of the weight times the lever arm
does not exceed the limits of Figure 8.2.1-3.

If the ground motion spectra for the site is below the Reference Spectrum, over the entire
frequency range possible for the piping and valve network, the operator weight or distance to the
top of the operator can be increased by the ratio of the spectra. The cantilever length or the
operator weight should not be increased by more than about 30% beyond the limits of Figure

7 A

8.2.1-3.

Another option for satisfying this caveat is to perform a stress analysis that consists of applying a
3g load at the center of gravity of the operator in the yoke's weakest direction. If the yoke stresses
are Jow and the relative defiections are smaii (to ensure that shaft binding wiii not occur) then the
caveat is satisfied. Alternately, as discussed in FOV/RS Caveat 5 above, a static test may be
performed.

FOV/RS Caveat 7 - Actuator and Yoke Not Independently Braced. The vaive actuator and yoke
should not be independently braced to the structure or supported by the structure unless the pipe is
also braced to the same structure immediately adjacent to the valve. The concern is that if the
operator is independently supported from the valve and attached piping, then the operator may act
as a pipe support during seismic motion and attract considerable load through the yoke and
possibly fail the yoke or bind the shaft. In addition, if both the operator and the valve/pipe are
restrained, and if they are both not tied back to the same structure, then differential motion of
support points may lead to high seismic loads and possible binding of the shaft. If either of these
concerns are noted, then a special evaluation should be conducted to demonstrate low stress and
small deflections.

The seismic capacity for the equipment class of air-operated valves may be based on generic testing
data, provided the intent of each of the caveats listed below is met. This equipment class consists
of spring-opposed, diaphragm-type pneumatic actuators which are designed to operate both gate
o °rr 3 T (=4 RCE i 4 ) _ o f o o
t

3 R
2. gg :
2]

;? DE‘ \
=4 & o
'~

L SIS 4 ¢ - =L L& LU = -~ L - S 4 -
position) with weights up to 500 pounds. The valves within this class are for 3-inch ar
pipe sizes with design pressures less than 2,500 psi. A pneumatic actuator generally con:

ey

i

reinforced rubber diaphragm enclosed in a steel housing. The valve stem and diaphragm are
attached so that any diaphragm movement results in valve movement. A solenoid valve controls
the admission of high pressure air (100 to 150 psi) to the diaphragm housing. A return spring
supplies sufficient counter force to close or open the valve when air pressure is not pushing on the
diaphragm. The yoke of this class of pneumatic actuator is an integral part of the unit which is
directly bolted to the valve bonnet. The valve body, bonnet, and yoke material should be carbon
steel. The active components of the actuator are the solenoid valve, limit switches, and a pressure
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AOV/GERS Caveat 3 - Only Diaphragm-Type Air Operated Valves. The air-operated gate or globe
valve should have a spring-opposed, diaphragm-type pneumatic actuator. This equipment clas:
does not include piston-operated, pressure relief valves, or other diaphragm-type valve: 3
by fluids other than air. These valve types are the only types included in the generic seismic testing
equipment class.

AOV/GERS Caveat 4 - Evaluation of Amplified Response. The valves and operators were tested
with the valve fixed to the shake table. Therefore realistic amplification through the piping system

should be included when determining the amplified response of the valve-to-pipe interface for
comparison to the GERS.

AOV/GERS Caveat 5 - No Impact Allowed. A separate evaluation should be done to assure that
the valve and operator will not impact surrounding structures and components as a result of pipe
flexibility. The concern is that impact may damage the valve, operator, yoke, stem, or attached
components. This type of damage has occurred in past earthquakes and is also identified as a
seismic interaction concern.

AOV/GERS Caveat 6 - Nominal Pipe Size 1 to 3 Inches. The nominal pipe size of the valve

should be within the range of 1 to 3 inches. This is the pipe size range included in the generic
seismic testing equipment class.

AOV/GERS Caveat 7 - Carbon Steel Valve Body, Bonnet and Yoke. The valve body, bonnet, and

yoke should all be carbon steel. Cast iron components are not covered by the GERS. It is not
necessary to determine the material used for the valve body, bonnet, or yoke unless it appears to
the SCEs that cast iron may have been used.

»
éu
(2]
5=
o
L
]
~1

oo
ll\)
£



Figure 8.2.1-1

Air-Operated Valve from the Earthquake Experience Database
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The equipment class of motor-operated valves includes all valves actuated by an electric motor.
The valve, the operator, and the inlet and outlet lines and attached conduit up to their first support
on the building or nearby structure are included in the Motor-Operated Valve equipment class.

The seismic capacity for the equipment class of Solenoid-Operated Valves (SOV) (see Figure
8.2.2-2) may be based on earthquake experience data, provided the intent of each of the caveats
listed below is met. This equipment class includes a wide diversity of sizes, types, and
applications.

Solenoid operators are smaller and lighter than motor operators. Solenoid-operated valves are
actuated by passing an electrical current through a coil, thereby creating a magnetic field which
opens or closes the valve. Solenoid operators are generally more compact than motor operators
with less of a cantilevered mass supported from the valve body. In addition, solenoid-operated
valves are typically mounted on smaller diameter lines than MOVs.

The equipment class of solenoid-operated valves includes all valves actuated by a solenoid. The
valve, the operator, and the inlet and outlet lines and attached conduit up to their first support on
the building or nearby structure are included in the Solenoid-Operated Valve equipment class.

8.2.2.1 Reference Spectrum Caveats - Motor-Operated Valves

The Reference Spectrum (RS) represents the seismic capacity of a Motor-Operated Valve (MOV) if
the valve meets the intent of the following inclusion and exclusion rules. Note, however, that
when the specific wording of a caveat rule is not met, then a reason for concluding that the intent

oYY Ty

has been met shouid be provided on the SEWS.

MOV/RS Caveat 1 - Earthquake Experience Equipment Class. The valve should be similar to and
bounded by the MOV class of equipment described above. The equipment class descriptions are
d CE. at worst case combinations of certain parameters may not
uipment class. These worst case combinations may have reduced
Py - - + . _ PR I

y-case basis.
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MOV/RS Caveat 2 - Valve Body Not of Cast Iron. The valve body should not be made of cast
iron. The intent of this caveat is to avoid the brittle failure mode of cast iron as evidenced by the
poor performance of some cast iron components in past earthquakes. It is not necessary to
determine the material of the valve body unless it appears to the SCEs to be made of cast iron. It is
suggested that the material of flanged valves be checked. In such cases, if the valve is indeed cast
iron, the intent of this caveat is satisfied if seismic stresses in the valve body due to piping loads
are low (for example, less than 20% of specified minimum ultimate tensile strength).

MOV/RS Caveat 3 - Valve Yoke Not of Cast Iron. The yoke of the motor-operated valve should
not be made of cast iron. The intent of this caveat is to avoid the brittle failure mode of cast iron as
evidenced by the poor performance of some cast iron components in past earthquakes. It is not
necessary to determine the material of the valve yoke unless it appears to be cast iron to the SCEs.
In such cases, if the yoke is indeed cast iron, this caveat may be satisfied by performing a stress
analysis of the valve for a 3g load applied at the center of gravity of the operator in the yoke's
weakest direction. If the yoke stress is iow (for example, less than 20% of specified minimum
uitimate strength), then the intent of the caveat is satisfied.

MOV/RS Caveat 4 - Mounted on 1-Inch Diameter Pipe Line or Greater. The valve should be
mounted on a pipe line of at least 1-inch diameter. This is the lower bound pipe size supporting
MOVs in the earthquake experience equipment class. The concern is that vaives with heavy

~11 10 P

operators on smali lines may cause an overstressed condition in the adjacent piping. To satisfy the
s 1<

ress analysis (that accounts for the valve operator eccentricity) may be used
to the valve is low. There is no concern if the valve, the
1 inch) are well supported and anchored to the same support
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are low and the relative deflections are small (to ensure that shaft binding will not
occur) then the caveat may be shown to be satisfied.

Alternatively, an in-situ static test may be conducted to demonstrate seismic adequacy. In these
tests, a static force equal to three times the operator weight should be applied approximately at the
center of gravity of the operator, non-concurrently in each of the three orthogonal principal axes of
the yoke. Such tests should include demonstration of operability, i.e., the valve can open and
close, following the application of the static loads. Note that all of the other limitations still apply.
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A mockup test stand may be used provided that the details are similar to those in the facility. If
there are numerous valves, a rational test program may be developed to envelop the valve
configurations in the facility.

MOV/RS Caveat 6 - Actuator and Yoke Not Independently Braced. The valve actuator and yoke
should not be independently braced to the structure or supported by the structure unless the pipe is
also braced to the same structure immediately adjacent to the valve. The concern is that if the
operator is independently supported from the valve and attached piping, then the operator may act
as a pipe support during seismic motion and attract considerable load through the yoke and
possibly fail the yoke or bind the shaft. In addition, if both the operator and the valve/pipe are
restrained, and if they are both not tied back to the same structure, then differential motion of
support points may lead to high seismic loads and possible binding of the shaft. If either of these
concerns are noted, then a special evaluation should be conducted to demonstrate low stress and
small deflections.

F eSS ass Tl

MOV/RS Caveat 7 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the valve.

e} n

.2.2.2 Reference Spectrum Caveats - Solenoid-Operated Vaives

o

1ts the seismic capacity of a Solenoid-Operated Valve (SOV)
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not be made of cas n he e
* v 3 3

evidenced by the poor performance of some cast iron components in pa:

necessary to determine the material of the valve yoke unless it appears tc E
In such cases, if the yoke is indeed cast iron, this caveat may be satisfied by performing a stress
analysis of the valve for a 3g load applied at the center of gravity of the operator in the yoke's
weakest direction. If the yoke stress is low (for example, less than 20% of specified minimum

ultimate strength), then the intent of the caveat is satisfied.

SOV/RS Caveat 4 - Valve Operator Cantilever Length. The distance from the centerline of the
pipe to the top of the operator or cylinder and the weight of the operator should not exceed the

values given in Figure 8.2.2-3 corresponding to the diameter of the pipe. This bounds the
earthquake experience equipment class. The concern is that longer operator lengths may lead to
excessive valve yoke stress.
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A mockup test stand may be used provided that the details are simil / in the
there are numerous valves, a rational test program may be developed to envelop the valve
configurations in the facility.

SOV/RS Caveat 5 - Actuator and Yoke Not Independently Braced. The valve actuator and yoke
should not be independently braced to the structure or supported by the structure unless the pipe is
also braced to the same structure immediately adjacent to the valve. The concern is that if the
operator is independently supported from the valve and attached piping, then the operator may act
as a pipe support during seismic motion and attract considerable load through the yoke and
possibly fail the yoke or bind the shaft. In addition, if both the operator and the valve/pipe are
restrained, and if they are both not tied back to the same structure, then differential motion of
support points may lead to high seismic loads and possible binding of the shaft. If either of these
concerns are noted, then a special evaluation should be conducted to demonstrate low stress and

small deflections.

SOV/RS Caveat 6 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the valve.

8.2.2.3 GERS Caveats - Motor-Operated Valves

The seismic capacity for the equipment class of electric motor operators for valves (MOV) may be
based on generic testing data, provided the intent of each of the caveats listed below is met. This
equipment class includes operators designed to control the five major types of valves (gate, globe,
plug, ball, and butterfly). They range in weight from 150 pounds up to 3,500 pounds. A valve
operator consists of a metal housing which connects to the valve body by a flange or yoke and
contains limit switches, a torque switch, an electric motor, a clutch, gears, and bearings. For this
class of equipment, the motor controis (reversing starter, overload reiays, and push-button station)
shouid be located in a remote location (usually a motor control center). For some vaive
configurations, the valve actuators are mounted on secondary reducers resulting in the actuator
being eccentric and cantilevered from the valve body. For these configurations, a special seismic
bracket supplied by the manufacturer i red. The mounting position of the valve operator is

u
with the motor horizontal and th witch compartment horizontal or vertical as specified by the
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manufacturer. These positions will insure the proper distribution of lubricants through the intern
working component of the units. This equipment class covers virtually all motor-driven valve
operators used in facilities
The MOV GERS (see Figure 8.2.2-4) represent the seismic capacity of an electric Motor Operator
for a Valve (MOV) if the operator meets the intent of the following inclusion and exclusion rules
Note, however, that when the specific wording of a caveat rule is not met, then a reason for
concluding that the intent has been met should be provided on the SEWS
E motor-driven
t described above.
t worst case
ment class. These
ully evaluated on a

MOV/GERS Caveat 2 - Reference Spectrum Caveats Apply. The operator should meet all the
caveats given for the Reference Spectrum for the MOV class of equipment. This caveat is i
to cover the vulnerabilities identified for the earthquake experience equipment class.

MOV/GERS Caveat 3 - Evaluation of Amplified Response. The GERS were based on tests in
which the operators were mounted directly to the shake table and not on a valve yoke structure or

avalve. Therefore realistic amplification through the piping system and valve should be included
when determining the seismic demand at the operator-to-valve interface for comparison to the
GERS. Note also that the MOV GERS apply only to the operator; the seismic adequacy of the
valve and its yoke should be evaluated separately.

MOV/GERS Caveat 4 - Motor Axis Horizontal. The motor axis should be horizontal and the limit
switch compartment should be horizontal or vertical (definition of orientation directions provided in
manufacturer's submittals). These were the positions of the motor axis and limit switch
compartment in the generic seismic testing equipment class shake table tests.

MOV/GERS Caveat 5 - No Impact Allowed. A separate evaluation should be done to assure that
the operator will not impact surrounding structures and components as a result of pipe flexibility.
The concern is that impact may damage the operator, yoke, stem, or attached components. This
type of damage has occurred in past earthquakes and is also identified as a seismic interaction
concern.

MOV/GERS Caveat 6 - Motor Controis Remotely Located. The motor controls (reversing starter,

overload relays, and push-button station) shouid be remotely located and separately evaluated. The
motor controis were not located on the vaive operators during the GERS testing and are therefore
not included in the generic seismic testing equipment class.

MOYV/GERS Caveat 7 - Seismic Brackeis for Side-Mounied Actuaiors. Side-mounied vaive
actuators attached to secondary reducers should have seismic brackets as supplied by the

PP o S TSGR SR, J Y i RSP hJy SR DU PN WIg (SRR U b’ iSRS IR [ o) MR L I o b ) 3 Y ol a4
NANuIdCLUICT (ICVIC Ol 111dIIU1aCLULCr S SUDIIILUAIS 1S SUIIlClCl'l[). 1N€ actuators 11 ine UKD eSis
thant svrmcen dacta T Zon tlaZo il mdt i bad calcaaat T

tilat CIC LOMSLCU 111 ULS OLICIL UI1 114U SCISIIIC DIACKCLS.

MOV/GERS Caveat 8 - Manufactured by Limitorque or Rotork. The operator should be
manufactured by either Limitorque or Rotork. These are the MOV manufacturers included in the
generic seismic testing equipment class.
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MOV/GERS Caveat 9 - Tighten Loose Valve-to-Operator Bolts. Any missing or loose valve-to-

operator bolts which are noticed during the walkdown should be replaced or retightened; a
tightness check is not required.

8.2.2.4 GERS Caveats - Solenoid-Operated Valves

The seismic capacity for the equipment class of solenoid-operated valves (SOV) may be based on
generic testing data, provided the intent of each of the caveats listed below is met. This equipment
class consists of a combination of two basic functional units: 1) a solenoid actuator (electro-
magnet) with its plunger (or core), and 2) a valve body containing an orifice in which a disc or
plug is positioned to stop or allow flow. The valve is opened or closed by movement of the
magnetic plunger which is drawn into the solenoid when the coil is energized. Solenoid valves can
be either two-way, three-way or four-way valves. In the direct acting two-way solenoid valve, the
solenoid acts directly on the valve stem to open or close the valve. Three-way solenoid valves are
principally used as pilot vaives to alternately apply pressure to and exhaust pressure from a
diaphragm valve actuator. Four-way solenoid valves are often used for controlling double-acting
pneumatic or hydraulic cylinders. The valves range in weight from a few pounds to 45 pounds
and are made of either forged brass or steel. The valves within this class are for pipe sizes which
are 1 inch or less in diameter and for design pressures less than 600 psi. This equipment class
covers virtually ail solenoid-operated vaives used in smali bore piping or process air systems.

The SOV GERS (see Figure 8.2.2-5) represent the seismic capacity of a Solenoid-Operated Valve
if the valve meets the intert of the following inclusion and exclusion rules. Note, however, that
when the specific wording of a caveat rule is not met, then a reason for concluding that the intent
has been met should be provided on the SEWS.

SOV/GERS Caveat 1 - Generic Seismic Testing Equipment Class. The valve should be similar to
and bounded by the SOV class of equipment described above. The equipment class descriptions
are general and the SCEs should be aware that worst case combinations of certain parameters may
not be represented in the generic equipment class. These worst case combinations may have
reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

SOQV/GERS Caveat 2 - Reference Spectrum Caveats Apply. The valve should meet all the caveats
given for the Reference Spectrum for the class of equipment. This caveat is included to cover the
vulnerabilities identified for the earthquake experience equipment class. Those GERS caveats
which are the same as the Reference Spectrum caveats are not repeated below

SOV/GERS Caveat 3 - Evaluation of Amplified Response. The valves and operators were tested
with the valve fixed to the shake table. Therefore realistic amplification through the piping system
should be included when determining the amplified response of the valve-to-pipe interface for

flexibility. The concern is that impact may damage the valve, operator, yoke,
i
seismic interaction action concern.

SOV/GERS Caveat 5 - Nominal Pipe Size 1 Inch or Less. The nominal pipe size of the valve
should be 1 inch or less. This is the upper bound pipe size included in the generic seismic testing

equipment class.
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SOV/GERS Caveat 6 - Forged Brass or Steel Valve Body. The valve body should be made of

either forged brass or steel. Other materials are not covered by the generic seismic testing
equipment class.

SOV/GERS Caveat 7 - Orientation of Solenoid Housing. The solenoid housing should be oriented

in accordance with the manufacturer's recommendations for the specific model (review of
manufacturer's submittals is sufficient). GERS testing was performed with the solenoid housing
in the recommended orientation.

SOV/GERS Caveat 8 - Overall Height Not to Exceed 12 Inches. The overall height of the valve

(pipe centerline to top of solenoid housing) should not exceed 12 inches. This is the upper bound
height limit included in the generic seismic testing equipment class.

SOV/GERS Caveat 9 - Separate Evaluation of Main Valve Controlled By SOV. When the
Solenoid-Operated Valve is a pilot valve in a valve assembly, the main valve should be evaluated
separately. Note that the amplified response spectra at the attachment point of the SOV should be

used in the SOV evaluation as discussed in SOV/GERS Caveat 3.

£~ A s

SOV/GERS Caveat 10 - Lower ZPA for ASCO Type 206-381. For ASCO Type 206-381 solenoid

T

valves, the GERS with a 3.5 g ZPA should be used.
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Figure 8.2.2-2 Solenoid-Operated Valve from the Earthquake Experience
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8.2.3 HORIZONTAL PUMPS3

The seismic capacity for the equipment class of Horizontal Pumps (HP) (see Figure 8.2.3-1) may
be based on earthquake experience data, provided the intent of each of the caveats listed below is
met. This equipment class includes all pumps commonly found in applications which have their
axes aligned horizontally. The class includes pumps driven by electric motors, reciprocating piston
engines, and steam turbines. The common peripheral components such as conduit, instru-
mentation, and suction and discharge lines up to their first support on the building or nearby
structure are included 1n this equipment class.

Pumps can generally be categorized as either kinetic (rotary impeller) or positive displacement
types. Kinetic pumps move fluid using the kinetic energy of a rotating impeller. Positive
displacement pumps move fluid by volumetric displacement.

Single-stage kinetic pumps typicaily inciude a single impeller that moves fluid primarily by
centrifugal force. The suction port is normaiiy mounted along or near the impelier axis, and the
discharge port is mounted near the periphery. Pumps may range in size from fractional
horsepower units, with capacities of a few gaiions per minute (gpm), to units requiring several

al

thousand horsepower, with capacities of tens of thousands of gpm.
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Rotary-screw positive displacement pumps are somewhat
except that the screw impeller moves fluid axially thr
a transfer of kinetic energy from the impeller to the fluid.

by an electric motor through a close-coupled shaft.

Kinetic and positive displacement horizontal pumps driven by electric motors, engines, and
turbines are represented in the range from 5 to 2300 hp and 45 to 36,000 gpm. Submersible
pumps are not included in this equipment class.

There are no GERS for Horizontal Pumps.

3 Section B.5 of SQUG GIP (Ref. 1)

March 1997 8.2-21



: (7o
Du sodd

..
B 7 R R T ]

HP/RS Caveat 3 - Thrust Bearings in Both Ax

(]

to the

' differential

displacement, and excessive nozzle loads. The concern is that excessive force on pump nozzles
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o cause binding,
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is a long section of unsupported pipe or a heavy valve attached to the pipe near the pump.
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situations not specifically covered by the caveats which could adversely affect the seismic capacity

or fail the anchorage. These excessive forces are uncommon and need only be considered if the
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In general, pumps from U.S. manufactu
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thrust restraint so that explicit determination is not necessary; however, any indic
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identify situations where the horizontal pump may be affected by gross pipe motion

(=4

4

(=4

by
L

contrary should be investigated.

X

(=4
-

could potentially break the pump nozzle or cause sufficient pump case distortion t
HP/RS Caveat 5 - Any Other Concerns? SCEs should seek out suspicious details or uncommon

HP/RS Caveat 4 - Check of L.ong Unsupported Piping. Brief consideration should be given to

axial directions should exist. The concern arose from s

bearings that performed poorly.

of the pump.



Figure 8.2.3-1 Horizontal Pump from the Earthquake Experience Database



8.2.4  VERTICAL PUMPS*

The seismic capacity for the equipment class of Vertical Pumps (VP) (see Figure 8.2.4-1) may be
based on earthquake experience data, provided the intent of each of the caveats listed below is met.
This equipment class includes pumps with the impeller drive shaft mounted in a vertical (as
opposed to horizontal) direction. Vertical pumps are typically powered by an electric drive motor,
vertically aligned, and mounted atop a steel or cast-iron support frame that is anchored to a concrete

base pad.

The two general types of vertical pumps represented in the earthquake experience equipment class
are deep-well pumps and centrifugal pumps. Motor sizes range from 5 to 7000 hp and flow rates
range from 95 to 16,000 gpm.

Deep-well turbine type pumps have the pump impeller attached to the bottom of a long vertical
drive shaft extending beneath the pump base plate. The pump drive shaft is enclosed in a steel or
cast iron casing which extends below the pump base plate. The pump impeller is mounted in a
contoured housing or bowl at the base of the casing. The casing or suction pipe is immersed in a
well and opened at the bottom for fiuid iniet.

A variation of the deep-well turbine pump is the can-type pump. The casing that encloses the
impeller drive shaft is, in turn, enclosed by an outer casing or can. Fiuid feed to the pump flows
hrough an inlet line, usually mounted in the support frame above the pump base plate. The can

M al .t

rms an annular reservoir of fluid that is drawn into the impelier at the base of the inner casing.
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Deep-well pumps range in size fi
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The Reference Spectrum (RS) represents the seismic capacity of a Vertical Pump (VP) if the pump
meets the intent of the following inclusion and exclusion rules. Note, however, that when tt
specific wording of a caveat rule is not met, then a reason for concluding that the intent has been
met should be provided on the SEWS.

VP/RS Caveat 1 - Earthquake Experience Equipment Class. The vertical pump should be similar
to and bounded by the VP class of equipment described above. The equipment class descriptions

are general and the SCEs should be aware that worst case combinations of certain parameters may

4 Section B.6 of SQUG GIP (Ref. 1)
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not be represented in the generic equipment class. These worst case combinations may have
reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

VP/RS Caveat 2 - Cantilever Impeller Shaft Less Than 20 Feet Long. The impeller shaft and

casing should not be cantilevered more than 20 feet below the pump mountmg flange. This type of
cantilever vertical pump should have a radial bearing at the bottom of the casing to support the
impeller shaft. Twenty (20) feet represents the upper bound length of cantilever shafts of vertical
pumps in the earthquake experience equipment class. The concern is that pumps with longer
lengths may be subject to misalignment and bearing damage due to excessive lateral loads, damage
to the impeller due to excessive displacement, and damage due to interfloor displacement on multi-
floor supported pumps. Either individual analysis or use of another method as a means of
evaluating vertical pumps should be used when the shaft cantilever length exceeds 20 feet. The
evaluation should address the concerns of excessive shaft and casing stresses and deflection of the
impeller drive shaft.

VP/RS Caveat 3 - Check of Long Unsupported Piping. Brief consideration should be given to
1aent11y situations where the vertical pump may be affected by gross plpe motion, differential
alsplacement and excessive nozzie loads. The concern is that excessive force on pump nozzles
could potenuauy break the pump nozzle or cause sufficient pump case distortion to cause binding,
or fail the ancnorage These excessive forces are uncommon and need only be considered if there
is a long section of unsupported pipe or a heavy vaive attached to the pipe near the pump.
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Figure 8.2.4-1

Vertical Pumps from the Earthquake Experience Database



8.2.5 CHILLERSS

The seismic capacity for the equipment class of Chillers (CHL) (see Figure 8.2.5-1) may be based
on earthquake experience data, provided the intent of each of the caveats listed below is met. This
equipment class includes skid-mounted units comprised of components such as a compressor, a
condenser, an evaporator, and a control and instrumentation panel. Chillers condense refrigerant
or chill water for indoor climate-control systems which supply conditioned air for equipment
operating environments and for personnel comfort

Compressors draw vaporized refrigerant from the evaporator and force it into the condenser. The
compressor of a chiller unit may be either the centrifugal or the reciprocating piston type.
Condensers are heat exchangers which reduce the refrigerant from a vapor to a liquid state. Chiller
condensers are usually shell- and tube-type heat exchangers, with refrigerant on the shell side.
Evaporators are tube bundles over which refrigerant is sprayed and evaporated, the inverse
function of the condenser. Evaporator tubes can have either finned or plain surfaces. Control
panels provide local chiller system monitoring and control functions. Typical components include:
oil level switches/gauges, temperature switches/gauges, pressure switches/gauges, undervoltage
and phase protection relays, and compressor motor circuit breakers

Chiller components may be arranged in a variety of configurations. Typically the evaporator and
condenser are mounted in a stacked configuration, one above the other, with the compressor and
the control panel mounted on the side. Variations of this arrangement include the side-by-side
configuration, with the compressor usually mounted above the condenser and evaporator, or

a
configuration with all components mounted side by side on the skid. Components are usually
bolted to a supporting steel skid, which is, in turn, bolted to a concrete pad. Attachments to
chillers include piping for routing cooling water or refrigerant to the unit, electrical conduit, and
instrumentation and control lines. Chiller weights range up to about 40,000 Ibs.

The compressor, condenser, evaporator, local control panel, support framing, and attached piping,
instrument lines, and conduit which are attached to the same skid are included in the Chiller
equipment class.

There are no GERS for Chiller Units.

8.2.5.1 Reference Spectrum Caveats - Chillers

The Reference Spectrum (RS) represents the seismic capacity of a Chiller (CHL) if the chiller
meets the intent of the following inclusion and exclusion rules. Note, however, that when the
specific wording of a caveat rule is not met, then a reason for concluding that the intent has been
met should be provided on the SEWS.

CHI/RS Caveat 1 - Earthquake Experience Equipment Class. The chiller should be similar to and
bounded by the CHL class of equipment described above. The equipment class descriptions are
general and the SCEs should be aware that worst case combinations of certain parameters may not
be represented in the generic equipment class. These worst case combinations may have reduced

seismic capacity and shouid be carefuily evaiuated on a case-by-case basis.

CHI/RS Caveat 2 - No Reliance on Weak-Way Bending of Steel Piate or Structurai Steei Shapes.

The evaporator and condenser tanks should be reasonably braced between themselves for lateral

forces parallel to the axis of the tanks without relying on weak-way bending of steel plate or webs
S i i

72
C

ko =

)

of structural steel shapes. The concern is that in weak-way bending the structure will not be
capable of transferring the lateral earthquake loads. If weak-way steel plate bending must be relied
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Figure 8.2.5-1

Chillers from the Earthquake Experience Database



oo
S}
(@)

S

-
1Y
%)
)
&
3
-
(o)
I
<
Q
%)
~
s
<

p
L 0
£,

o ¢
w
o]
g
‘9’)
e
Q
=
[«
c
£

o]
3
gd2g
0 on
o
g o
[
(¢] sg
S8
=
N
»ra
(@) wn
Q3
B F
og &
:-‘ E
»]
-8
=

(¢}
o
3
<
i
=
T3
]

C
£
£
£
F
!
[¢)
£
o)
3
=3
v
&3
?
o
[

3
o O ®
3
€]
3
3
wn
D
o,
Q
3
2
3
=

wn w»
w
(¢}

g
g
8
Q
]

vl
=
v)
-
e
2}
o}
o)
=
©®
)
3
2

t= ¢
=
:
&k
)
.60 ¢
3
o
w >
wn
&)
]
wn

=k
S

i
N

£,

D

=+

3
=3 E
w A

o
=
j=

Compressor configurations in the equipment class include air receiver tank-mounted recipr ocating
piston or rotary screw compressors, skid-mounted reciprocating piston or rotary screw
compressors, and freestanding reciprocating piston compressors.

Reciprocating piston compressors are constructed much like an automobile engine, with pistons
encased in cast steel cylinders compressing the gas, and a system of timed valves controlling the
inlet and discharge. Drive motor sizes typically range from fractional horsepower to over 100
horsepower. Piston air compressors generally have one or two cylinders but may include more.
Cylinders are normally supported on a cast iron crankcase, which encloses the rotating crankshaft,
linked either directly to the electric motor through a drive shaft, or indirectly through a belt linkage.
Smaller reciprocating piston compressors are commonly mounted atop an air receiver tank.

Rotary screw compressors replace the reciprocating piston with a set of helical screws, typically
encased in a cast iron block. The components and attachments of the air compressor are similar to
reciprocating piston units except that the system of timed intake and discharge valves are not
required. The most common configuration has the air compressor mounted on top of its air
receiver tank. The units are usually not large, ranging in capacity from about 1 to 100 cfm (cubic
feet per minute of discharge air), with drive motors typically ranging from fractional horsepower
up to 30 hp. Tank-mounted rotary screw compressors typically range in weight from about 200 to
2500 pounds.

Reciprocating piston and rotary screw compressors may also be mounted on a steel skid. The skid
may be either open or enclosed in a sheet metal housing. The skid is normally constructed of a
welded steel frame with the compressor, drive motor, receiver tank, control panel, and other
components boited to the frame in some convenient configuration. Skid-mounted compressors

typically range in capacity up to about 2000 cfm, with drive motors of up to about 300 hp. Skid-

mounted compressors typically range in weight from about 2000 to 8000 pounds.

ly cantilevered from a crankcase. The crankcase may form the primary support for aii
components, or it may be mounted on a steel or cast iron pedestal. Freestanding compressors
PPV R PN P PGP SR VA S PP | IR SR ES SR SRS} LIy | . SN SU L U R, RN
include the largest units typically found in facility applications, ranging in capacity up to about
4000 cfm, with drive motors up to about 1000 hp. Freestanding compressors range in weight
Farnsm amall 330340 A tha Ardas AF alhntit SN v~ Ao $4 1301340 ac larage ac 1N 4o
110111 Slliall 111> VIl UIC ULUCL U1 aUUUL JUVU PDOULIUD WU ULLIL ad> 10.155 dad 1V WID
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situations not specifically covered by the caveats which could adve

AC/RS Caveat 2 - Any Other Concerns? SCEs should seek o
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of the compressor.
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Figure 8.2.6-1

Air Compressors from the Earthquake Experience Database



8.2.7 MOTOR-GENERATORS?

The seismic capacity for the equipment class of Motor-Generators (MG) (see Figure 8.2.7-1) may
be based on earthquake experience data, provided the intent of each of the caveats listed below is
met. This equipment class includes motors and generators that are coupled into a motor-generator
set (M-G set). Motor-generator sets are structurally similar to horizontal pumps, which consist of
an electric motor connected to a pump through a shaft. Motor-generators are basically two motors
connected through a common shaft. M-G sets normally include either an AC or DC motor attached
through a direct drive shaft to an AC or DC generator. A large flywheel is often mounted at one
end of the shaft for storage of rotational inertia, to prevent transient fluctuations in generator
output. Usually, both the motor and generator in an M-G set are mounted to a common drive shaft
and bolted to a steel skid. Smaller sets sometimes house the motor and generator within the same
casing. Motor-generator sets typically range in weight from about 50 to 5000 pounds.

The motor, generator, fiywheel, and attached conduit are included in the Motor-Generator
equipment ciass.

ANTIDO £

There are no GERS for Motor-Generator sets.

r

Reference Specirum Caveais - Moior-Generaiors
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Figure 8.2.7-1 Motor-Generator from the Earthquake Experience Database



8.2.8  ENGINE-GENERATORS?

The seismic capacity for the equipment class of Engine-Generators (EG) (see Figure 8.2.8-1) may
be based on earthquake experience data, provided the intent of each of the caveats listed below is
met. This equipment class includes a wide range of sizes and types of generators driven by piston
engines. Turbine driven generators are not included in this equipment class. Engine-Generators
are emergency power sources that provide bulk AC power in the event of loss of off-site power.

In typical applications, generators range from 200 KVA to 5000 KVA; electrical output is
normally at 480, 2400, or 4160 volts. Generators are typically the brushless rotating-field type
with either a rotating rectifier exciter or a solid-state exciter and voltage regulator. Reciprocating-
piston engines are normaily diesel-fueled, aithough engines may operate on natural gas or oil. In
typical applications, piston engines range from tractor-size to locomotive-size, with corresponding

PP Vet PPN

horsepower ratings ranging from about 400 to 4000 horsepower.

Engine-generators normaily inciude the piston engine and generator in a direct shaft connection,
bolted to a common steel skid. The skid or the engine biock aiso supports peripheral attachments
such as conduit, piping, and a local control and instrumentation paneli.

. S PRI PRy Uy O [ e o o o A . . : Lo
The engine-generator system aiso inciudes peripheral components for cooling, heating, starting,
and monitoring operation, as well as supplying fuel, lubrication, and air. The peripheral
components may or may not be mounted on or attached directly to the engine-generator skid. If
tharr awa et maniintad Al tha i A tharr chneld Laa acralizntad camanatalss
uicy C HOUL 1HOUUIICU V11 UIC SKIU, UICY dilvulu e Cvdaludicu bcpdl Cl
Thovs fave na (2EPC £ar Tunoine Ionorn PR
Lriecr ar rnuv UL‘\L’JU’ LILSL e-gernieruitory.

QI Q1 PRofovonrs Snorntriim avonto - an‘lmn_rlnmnvnfnvn
V.&.0.1 AINCJCICIILC el nuire . uveury LALELILC-JICILET ULUT

E

st 1de the EG class of equipmen e equi

descriptions are general and the SCEs should be aware that worst case combinations of certain
parameters may not be represented in the generic equipment class. These worst case combinations
may have reduced seismic capacity and should be carefully evaluated on a case-by-case basis.

component should be connected by a rigid support or common skid. The concern is that

displacement between the driver motor and driven component should be evaluated.

EG/RS Caveat 3 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity

of the generator.

8 Section B.17 of SQUG GIP (Ref. 1)
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Figure 8.2.8-1 Engine-Generator from the Earthquake Experience Database



8.2.9 AIR HANDLERS?®

The seismic capacity for the equipment class of Air Handlers (AH) (see Figure 8.2.9-1) may be
based on earthquake experience data, provided the intent of each of the caveats listed below is met.
This equipment class includes sheet metal enclosures containing (as a minimum) a fan and a heat
exchanger. Air handlers are used for heating, dehumidifying or chilling, and distributing air.

The basic components of an air handler include a fan and a coil section. Small capacny, s1mp1e air
handlers are often referred to as fan-coil units. Additional components such as filters, air-mixing
boxes, and dampers are included in more elaborate air handlers. Fans (normally centrifugal)
produce air flow across the coil for heat transfer. Coils act as heat exchangers in an air handler.
Cooling coils are typically rectangular arrays of tubing with fins attached. Filters are typically
mounted in steel frames which are bolted together as part of a modular system. Mlxmg boxes are
used as a plenum for combining two airstreams before channeling the resulting blend into the air
handler unit. l)ampers are rotating tlaps prov1ded in the inlet or outlet sides of the air handler to
control the flow of air into or out of the fan.

Air handiers are typlcauy classified as being either a draw- through or a blow- through type. Draw-
tnrougn air handiers have the heat excnanger (cou) upstream of the fan, whereas the blow-through
oes1gn locates the coil downstream. Air handier enciosures normaily consist of sheet metal welded
to a framework of steel angles or channeis. lyplcal enciosures range in size from two feet to over
ten feet on a side, with welgnts ranglng from a few hundred pounas to several thousand pounds

Large components such as fans and coils, are typlcauy bolted to internal frames which are welded

o AE

o the enclosure framing. Fans may be located in a Varlety of orientations with respect to the coil

—=r

o

unit.

Az s Alaas it anllir 2aanlizda o oxroters fF attanlad T e o121 oot 1 O el fa 1 1 1

AIT nanaiers typicaily inciuae a sysiem ol attached ducts which provide for the intake and discharge

A~AF oie 3430l attanthiante tn nie hon Alame famaliada ot T At e

of air. Additional attachments to air handlers include piping and cooling w ter or refrigerant,
antminal anndiit and inctmimantatinn linae  Qalf anméaina R |V iy S VL L.

electrical conduit, and instrumentation lines. Self-contained air conditioning units are a variation of
1 nAlare 1n whin a aat ma annlaciien innlhirAdac o0 crmnall wafil samat: ~m 13m0 Nlndm sbont Do

air handlers, in which the sheet metal enclosure includes a small refrigeration unit. Note that large

centralized chillers are addressed as a separate equipment class.

Air handler configurations range from large floor-mounted units to smaller units suspended on rod

hangers from ceilings. The sheet metal enclosure, fans and motors, heat exchanger coils, air

filters, mixing boxes, dampers, attached ducts, instrument lines, and conduit are included in the

Air Handler equipment class

There are no GERS for Air Handlers.

8.2.9.1 Reference Spectrum Caveats - Air Handlers

The Reference Spectrum (RS) represents the seismic capacity of an Air Handler (AH) if the air

handler meets the intent of the following inclusion and exclusion rules. Note, however, that when

the specific wording of a caveat rule is not met, then a reason for concluding that the intent has

AH/RS Caveat 1 - Earthquake Experience Equipment Class. The air handler should be similar to
and bounded by the AH class of equipment described above. The equipment class descri t ons are
general and the SCEs should be aware that worst case combinations of certain narameters may not
be represented in the generic equipment class. These worst case combinations may have reduced
seismic capacity and should be carefully evaluated on a case-by-case basis.

9 Section B.10 of SQUG GIP (Ref. 1)
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AH/RS Caveat 2 - Anchorage of Internal Component. In addition to rev1ew1ng the adequacy of the
unit's base anchorage, the attachment of heavy internal equipment of the air handler must be
assessed. SCEs may exercise considerable engineering judgment when performing this review.
Internal vibration isolators should meet the requirements for base isolators in Chapter 6.

AH/RS Caveat 3 - Doors Secured. All doors should be secured by a latch or fastener. The
concern addressed by this caveat is that the doors could open during an earthquake, and the loose
door could repeatedly impact the housing and be damaged or cause internal components such as
relays to malfunction or chatter. In addition, the door may act as an integral structural member and
may need to be latched to provide both stiffness and strength to the unit.

AH/RS Caveat 4 - No Possibility of Excessive Duct Distortion Causing Binding or Misalignment

of Internal Fan. If the air nandllng unit contains a fan, then the pOSSlblllty of excessive duct
distortion during an eartnquaKe should be considered for its effect on binding or rmsalignment of
the fan. This need only be considered in cases of long unsupported ducts near the air handhng unit
or reiauveiy stiff ducts suojectea to SIgnmcant relative motion. A spe01al evaluation should be
conducted to evaluate for this failure mode if these conditions are considered to be significant by
the SCEs.

AH/RS Caveat 5 - Any Giher Concerns? SCEs shouid seek out SUSplClOUS details or uncommon
ituati specifically ¢ / eat ich could adversely affect the seismic capacity
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Figure 8.2.9-1 Air Handler from the Earthquake Experience Database



8.2.10 FANSI

The seismic capacity for the equipment class of Fans (FAN) (see Figure 8.2.10-1) may be based
on earthquake experience data, provided the intent of each of the caveats listed below is met. This
equipment class includes both freestanding and duct-mounted fans. Fans that are components of
other classes of equipment such as air handlers are handled by other respective equipment classes
and need not be specifically evaluated here. Blowers and exhausters are included in this equipment
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wo or more blades assemble
Propeller fans are often mounted to a w
an impeller wheel, typically with four to eight blades, mounted to a central shaft w

cylindrical casing. Vane-axial fans are generally used in higher pressure, higher flow applications
than propeller fans. Vane-axial fans include a set of guide vanes mounted either before or after the
impeller that streamline the air flow for greater efficiency. A variation of vane-axial design is the
tube-axial fan, which includes the higher pressure impeller wheel mounted within a cylindrical
casing, but without the provision of vanes.

[

o ~
Q
=
o
o
[¢]
=
-
=
=
2}

-
)
=]
D
=
(=N
»

(

<
S
<
o f
<
;-F
=
¢
[N

{
[

Certain axial fan designs include multiple impellers for increased pressure boost. Axial-flow fans
are normally mounted inside cylindrical ducting, supported by radial struts running from the duct
wall to the duct centerline. Electric drive motors are usually mounted along the duct centerline
immediately upstream of the impeller. The impeller and drive shaft are normally cantilevered from
the motor. Alternate designs mount the motor on the outside of the duct with a belt connection
between the motor and the impeller drive shaft.

Centrifugal fans are divided into three major categories depending upon the position of their
blades. The three blade positions are: forward-curved, radial, and backward-inclined. Forward-
curved centrifugals have blades inclined toward the direction of rotation at the tip. These fans
produce high flow volumes at low static pressures. Radial-blade centrifugals have their blades
positioned on the radii extending from their axis of rotation. Backward-inclined fans are a type of
centrifugal fan and have their blades inclined opposite to the direction of rotation at the tip.

Centrifugal fans typically have a cylindrical intake duct centered on the fan shaft and a square
discharge duct directed tangentially from the periphery of the fan. A variation of the centrifugal fan
is the tubular centrifugal fan which redirects the discharged air in the axial direction. As with axial-
fiow fans, centrifugal fans can have the electrical drive motor mounted either directly on the fan
shaft, or outside of the fan casing with a belt drive to the fan. The impeller and drive shaft may
have either a single-point support, where they are cantiievered from the motor, or a two-point
support, where the shaft is supported both at the motor and at an end bearing.

The fan impeller and its enclosure, drive motor, attached ducting, mounted louvers, and attached
conduit and instrumentation lines are included in the Fan equipment class.




There are no GERS for Fans.

8.2.10.1 Reference Spectrum Caveats - Fans

The Reference Spectrum (RS) represents the seismic capacity of a Fan (FAN) if the fan meets the
intent of the following inclusion and exclusion rules. Note, however, that when the specific
wording of a caveat rule is not met, then a reason for concluding that the intent has been met
should be provided on the SEWS.

FAN/RS Caveat 1 - Earthquake Experience Equipment Class. The fan should be similar to and
bounded by the FAN class of equipment described above. The equipment class descriptions are
general and the SCEs should be aware that worst case combinations of certain parameters may not
be represented in the generic equipment class. These worst case combinations may have reduced
seismic capacity and should be carefully evaluated on a case-by-case basis.

FAN/RS Caveat 2 - Drive Motor and Fan Mounted on Common Base. The driver and fan should
be connected by a common base or attached in a way to limit differential displacement. The
concern is that differential displacement between the driver motor and fan may cause shaft
misalignment. If the driver motor and fan are not mounted on a common base, then the potential
for differential displacement should be specially evaluated.

d be Supported at Fan and at Motor. Axial fans with long

have the shaft supported at the fan and at the motor. The
ft is not supported in both locations, then a special
N | SR s

al earthquake displacement of the shaft should be

Sn
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COncCerIn 1S snait misaiigninent. i1
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evaluation should be conducted.

F h eSS
of Fan. The possibility of excessive duct distortion during an earthquake should be considered for
its effect on binding or misalignment of the fan. This need only be considered in cases of long
unsupported ducts near the fan or relatively stiff ducts subjected to significant relative support
motion. A special evaluation should be conducted to evaluate for this failure mode if these
conditions are considered to be significant by the SCEs.

FAN/RS Caveat 5 - Any Other Concerns? SCEs should seek out suspicious details or uncommon
situations not specifically covered by the caveats which could adversely affect the seismic capacity
of the fan
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Figure 8.2.10-1  Fan from the Earthquake Experience Database



9. EQUIPMENT CLASS EVALUATIONS USING SCREENING PROCEDURES

Chapter 9 contains a summary of equipment class descriptions and parameters based on earthquake
experience data, test data, and analytical derivations. The screening procedures in Chapter 9 are
from Chapters 7 and 8 of Revision 2 of the SQUG GIP ( Ref. 1). Any modifications from the
corresponding sections of Chapters 7 and 8 are denoted in Chapter 9 with words in italics (such as
this introduction to Chapter 9). An item of equipment must have the same general characteristics as
the equipment in the evaluation procedures. The intent of this rule is to preclude items of
equipment with unusual designs and characteristics that have not demonstrated seismic adequacy in
earthquakes or tests.

The screening procedures for evaluating the seismic adequacy of the different equlpment classes in
Chapter 9 cover those jeatures which experience has shown can be vulnerable to seismic loadings.
These procedures are a step- by step process through which the important equipment parameters
and dimensions are determined, seismic pery‘ormance concerns are evaluated, the equipment
capacity is determined, and the equipment capacity is compared to the seismic demand.

The screening procedures in Chapter 9 are based on information contained in References 42, 46,
47, and 50. The SCEs should use the information in Chapter 9 only after first thoroughly
reviewing and understanding the background of the equipment classes and bases for the screening
procedures as described in these references. These references provide more details and more
discussion than summarized in Chapter 9. In some cases, clarifying remarks not contained in the
reference a’ocuments have been included in Chapter 9. These clarifying remarks are based on

(‘/\77/" 7YTD . MNAT

exp‘e‘rzence gamea aurmg G GIP reviews at operanng nuclear power ptants ana DOE seismic
evaluations at DOE facilitie a“d they serve to help guide the SCEs apply their judgment.

The screening procedures in Chapter 9 are from Revision 2 of the SCQUG GIP and Table 2.1-3 lists
the equipment classes in Chapter 9.
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9.1 ABOVEGROUND TANKS
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This section describes the guidelines which should be used for evaluating the seismic adequacy of

those vertical tanks which are listed in the SEL as identified in Chapter 4. These guidelines are

intended only for use on existing vertical tanks and are not to be used for new installations. The
guidelines contained in th