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Abstract: Seismic design recommendations for substations, including qualification of different
equipment types are discussed. Design recommendations consist of seismic criteria, qualification
methods and levels, structural capacities, performance requirements for equipment operation,
installation methods, and documentation.

Keywords: anchorage, conductor, electrical equipment, damping, dynamic analysis, IEEE 693™,
loads, projected performance, required response spectrum, seismic protective devices, seismic
qualification, shake table, static coefficient analysis, support structure, suspended equipment,
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association
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Introduction

| This introduction is not part of IEEE Std 693-2018, IEEE Recommended Practice for Seismic Design of Substations.

This revision of IEEE Std 693-2005 was developed as a recommended practice for the seismic design of
substations. This recommended practice emphasizes the seismic qualification of electrical equipment.
Nuclear Class 1E equipment is not covered by this recommended practice, but it is covered by
IEEE Std 344™,

This recommended practice is intended to establish standard methods of providing and validating seismic
withstand capability of electrical substation equipment. It provides detailed test and analysis methods for
selected common equipment types of major equipment or components found in electrical substations.

This recommended practice is intended to assist the substation user or operator in providing substation
equipment that will have a high probability of withstanding seismic events to predefined ground
acceleration levels. It establishes standard methods of verifying seismic withstand capability. This gives the
substation designer the ability to select equipment from various manufacturers, knowing that the seismic
withstand rating of each manufacturer’s equipment is an equivalent measure.

This recommended practice is also intended to guide the manufacturers of power equipment in the seismic
design and in demonstrating and documenting the seismic withstand capability of their product in a form
that can be universally accepted.

Although most damaging seismic activity occurs in limited areas, many additional areas could experience
an earthquake with forces capable of causing great damage. This recommended practice should be used in
all areas that may experience earthquakes.

This revision of the recommended practice incorporates a number of substantive as well as editorial
changes from the previous version. The most significant of these changes include the following:

—  Shake-table test requirements for qualification of bushings have been modified;

— Conductor seismic loading effects are explicitly included as part of the qualification of certain
equipment;

— Time history shake-table testing at the Performance Level is required for most equipment that are
required to be qualified by the time history test method;

—  Seismic loads for the design of anchorages of inherently acceptable equipment have been increased.

It is the hope of those who worked on the development of this recommended practice that these standard
methods of verifying seismic withstand capability will lead to better earthquake performance and to lower
qualification costs.
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IEEE Recommended Practice for Seismic Design of Substations
1. Overview

1.1 Scope

The recommended practice contains recommendations for the seismic design of substation

buildings; and structures, and_the seismic design and qualification of substation equipment.

1.2 Purpose

This recommended practice is for new substations and planned additions or improvements to
existing substations. It is not intended that existing substations must be retrofitted to these

recommended practices.

Ferinstruetion Instructions on how to include this recommended practice in specifications;+eferte
52 are provided. IEEE Std 693™ is designed as an integrated set of requirements for the seismic
qualification of electrical power equipment. Users should use IEEE Std 693 asa—-whele—Denet

medify without modification or remewe removal of any requirement, except as allowed herein.

1.3 General

This recommended practice provides minimum requirements for the seismic design of substations;
exelading-Class3E and seismic qualification of equipmentfernuelear-powergeneration-—stations.
Emphasis is on seismic qualification of electrical equipment and its suppert—is—emphasized

anchorage. Instructions on the use of this recommended practice is provided in Clause 4.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 22:41:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 693-2018


http://www.avadocuments.com/doc/ieee-693-2018
http://www.avadocuments.com/doc/ieee-693-2018

Fhe-mest There are several important geal goals of this recommended practice; one is to provide a

single standard set of design recommendations for seismic qualification of each equipment type.
Design recommendations consist of seismic criteria, qualification methods and levels, structural
capacities, performance requirements for equipment operation, installation methods, and
qualification documentation. The intent of a uniform and consistent seismic qualification procedure
is to enable manufacturers to incorporate seismic criteria into their design process and reduce the
cost for qualification of substation equipment.—beeatrse—the Manufacturers can qualify their

equipment once for eack a given qualification level and eliminate reduce the need for specialized

testing. It should also improve earthquake performance by establishing clear performance criteria

that take into account the dynamic characteristics of substation equipment.

Another goal of this recommended practice is to allow the user, or user’s agent, to secure substation

equipment that will have no significant structural damage and maintain electrical functionality at

nominal operating conditions during and after a seismic event as specified herein.

This recommended practice establishes three qualification levels are—defined for earthquake

performance. They are low, moderate, and high qualification levels. The user shetld-is required to

determine the eesired-qualification level when purchasing the equipment.-See-Clatse-8-
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1.4 Associated design references

1.4.1 Electrical connections between equipment

The design and implementation of electrical connections between equipment should be in

accordance with the recommendations of this recommended practice and IEEE Std 1527™.

1.4.2 Electrical equipment

Electrical equipment and their associated anchorage should be designed in accordance with the

requirements given within this recommended practice and ASCE 113.
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1.4.3 Dedicated support structures

Dedicated support structures, which are qualified together with the equipment, shall be designed in

accordance with the requirements of this recommended practice as prescribed by the methodology

used to qualify the supported equipment. All other support structures may be designed in

accordance with this recommended practice or the requirements given in ASCE 113. Connection of

the equipment to any support structure shall be designed in accordance with the requirements of

this recommended practice.

1.4.4 Primary substation structures

The seismic design of primary substation structures, (e.g., strain bus structures, A frames, rigid bus

structures, etc.) is beyond the scope of this recommended practice and should be designed in

accordance with the requirements given in ASCE 113. The anchorage of substation structures should

be designed in accordance with ASCE 113.

1.4.5 Foundations

Foundations are designed to have an adequate load capacity with limited settlement and lateral

displacement by a civil or geotechnical engineer and the footing itself may be designed structurally

by a civil or structural engineer. The primary design concerns are settlement and bearing capacity.

When considering settlement, total settlement and differential settlement are normally considered.

Foundation loads from the equipment may be designed in accordance with 6.6 or to the

requirements of the relevant code in the jurisdiction of the utility and/or substation.

1.4.6 Buildings

Buildings should be designed in accordance with the requirements of the relevant code in the

jurisdiction of the substation.

1.5 Substation seismic design flow chart

A flow chart (Figure 1) has been provided to help the user determine what clauses or annexes

should be used for the seismic design of the substation.
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Seismic Design of Substations

v

Design and Information
regarding non-power
equipment, structures,
operational considerations
and misc.

Primary Substation Structures
(A-frames, racks. etc.)
See 1.4.4,5.10

Buildings
See 1.4.6

Foundations
See 6.6

Station Service 4
SeeT.2

Spares

CQualification of electrical equipment, see Clause 1, 4, 5
Select the Seismic Qualification Level:
Low, Moderate, or High—See 5.7, 5.8, 5.12
Select equipment type:

— v

Circuit Breakers, See Annex C

Transformers, Liquid Reactors & Bushings, See Annex D

Disconnect Switches. See Annex E

Instrument Transformers. See Annex F

Air Core Reactors. See Annex G

Circuit Switchers. See Annex H

Suspended Equipment. See Annex |

Batteries and Racks. See Annex J

Surge Arresters. See Annex K

See 7.3

Telecommunication Equipment
See T4

Emergency Power
See 7.5

Supports
See 5.10

Substation Electronic Devices. See Annex L

Metalclad Switchgear. See Annex M

Cable Terminations. See Annex N

Capacitors. Sea Annex O

Gas-Insulated Switchgear. See Annex P

DC Equipment. See Annex

Equipment with Seismic Protective Devices. See Annex W

Insulator Components. See Annex X

Equipment not shown above. See Annex B

.

.

Low Level or Inherently
Acceptable Equipment

| Qualification by Test |

| Qualification by Analysis

h 4 Y

Prepare Anchorage
Calculations. See 4.8,
A119 A15

Select Test Lab. See 4.9
Prepare Test Plan. See 4.3, A.1.2, A5.3, Annex T.
Perform Test. See A1, A2, A3 A4
Prepare Report and Seismic Outline Drawing.
See A5, Annex T

Perform Analysis. See A.1.4,
A16 A2 A4
Prepare Report and Seismic
Qutline Drawing See A8,
Annex S

k.

v v

Site Conditions and Installation Considerations
Equipment assembly, Anchorage, Site effects, S5, Foundations, Conductor loading. See 6
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Seismic Design of Substations
* v
nd Info Qualification of electrical Equipmen
n-power g See Clauses 1,5,7,9 & Annex Q. Selectthg seismic >
equipment, siNctures Qualification Level: Low, Moderate, or EAgh. Select
Equipmenttype. See 5.2 angd'6.5.
\ —
— Circuit Breakers. Se¢/Annex C
Structure (such as A\ Transformer & Liquid Redctor. See Annex D 14—
Frames, Racks, etc.) — Disconnect SW}(I’]. See Annex E —
See 8.1
— Instrument Tryéformer. See Annex F —
\1— AjrCo?éeactor. See Annex G —
Foundation & - -
Anchorage analysis. Clr(}:ﬁ Switchers. See Annex H i
See 82,68& Ad.2 SU}{{ended Equipment. See Annex | —
N /Batteries & Racks. See Annex J —
Station Service e X Surge Arresters. See Annex K —
See 83
o Subs@tion Electronic Devices. See Annex L
Metalclad Switchgear. See Annex M —
Emergency Power |
Systems. See 84 Weads. See Annex N o
/q— CapNors. See Annex O g
Telecommunication i Gas-Insulated Switchgear. See Annex P
Equipment. See 8.5 '
autp 4— FEquipment notshow}\{bove. See Annex B ¢—
! AR SN
No reportrequired for Low Level or By Test By Analysis
Infferently
acceptable equigment. See 9.5.2 or A1.4 ‘
2z
/ Select Test Lab. See 5.9
Prepare TestPlan. See 5.5,5.10, A5.1, & Annex T
Prepare Report & Seismic Cutline Drawing. See A5 & Annex T
|/ Install. See Clause 8
y
(Deleted)

Figure 1—Using this recommended practice

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 22:41:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 693-2018


http://www.avadocuments.com/doc/ieee-693-2018
http://www.avadocuments.com/doc/ieee-693-2018

1.6 Earthquakes and substations

Earthquakesareeatsedby-An earthquakeis the sudden release of energy from rupture of geological
faults in the earth’s crust in which elastic strain has been accumulating: a geelogiefault—Shoek

sudden lateral or vertical movement of rock along a rupture (break) surface. The seismic waves that

radiate from the faultfracturezone-and rupture arrive at the earth’s surface as a complex multi-

frequency vibratory ground motion, having both horizontal and vertical components.

It is this ground shaking, surface faulting, and earthquake induced soil failure that can damage

substation equipment.

The poor seismic performance of substations during previous earthquakes, coupled with society’s

demand for electrical service in a post-earthquake environment, lead to an increased focus on the

earthquake survivability of substations.

The initial approach of providing earthquake engineering to substations was based on the

approaches used in conventional building structures. However, the realization emerged that the

seismic engineering of substations presented unique challenges that differed from buildings. Among

these challenges are the need to maintain functionality, the unique materials (e.g., porcelain and

composites), relatively low damping and high frequency dynamic characteristics (in comparison to

building structures), and the effects of the interconnection of the equipment via electrical

conductors.
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1.7 Design-and-/construction_and quality assurance processes

It is recognized that a substation may not always be designed and constructed solely by a utility
using its in-house expertise. A substation may be designed as a “turnkey contract.” In between these
two extremes lie many hybrid possibilities, including the involvement of consultants or architect-

engineers as third parties.

After the substation is complete, the user should have procedures that ensure that the installed
configuration and any subsequent modification or expansion of the substation is subject to proper

review of plans and inspection of as-installed facilities to verify that the intentions of this

recommended practice are preserved.
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2. Normative references

The following referenced documents are indispensable for the application of this-dleewment IEEE Std

693. The referenced documents must be understood and used in conjunction with this document.

Therefore each referenced document is cited in text and its relationship to this document is

explained. For dated references, only the edition cited applies. For undated references, the latest

edition of the referenced document (including any amendments or corrigenda) applies.

ACI 318, Building Code Requirements for Structural Concrete and Commentary. 1

Lac publications are available from the American Concrete Institute, 38800 Country Club Drive, Farmington Hills, M148331, USA

(https://www.concrete.org).
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ADM 1-516166, Aluminum Association, Aluminum Design Manual, Specification and Guidelines for

Aluminum Structures,—Z@GQ—Edi{-ieﬁ.4 2

AISC Manual of Steel Construction%ead%esﬁ%&me%a&eﬂ%sig&%%ﬁfﬁd%ﬁeﬂﬁl@%.5 3

ANSI/NEMA C29.9, Wet Process Porcelain Insulators —Apparatus, Post Tvpe.4

ANSI (C93.14999, Power-Line Carrier Coupling Capacitor and Coupling Capacitor Voltage

Transformers (CCVT)—Requirements.

ASCE 4, Seismic Analysis of Safety-Related Nuclear Structures.’

ASCE 7, Minimum Design Loads for Buildings and other Structures.

ASCE 113, Substation Structure Design Guide.¥

, ard-Specificationfor Catl Structural-Steal S

42 ADM publications are available from the Aluminum Association, 1525 Wilson Boulevard, Suite 600, Arlington, VA 22209, USA

(http://www.aluminum.org).

5§AISC Publications are available from the American Institute of Steel Construction, ©#re 130 East WaekesB+ive Randolph, Suite
2000, Chicago, IL 666606+206+ 60601, USA (http://www.aisc.org).

& 4ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42 nd Street, 13th

Floor, New York, NY 10036, USA.

;QASCEpublicaﬁons are available from the American Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, VA 20191 -
4400.
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ASTM F1554-84-Standard Specification for Anchor Bolts, Steel, 36, 55, and 105-ksi Yield Strength.é

IBC-2003, International Building Code.9 z

IEC 60099-4, Surge arresters —Part 4: Metal-oxide surge arresters without gaps for ac svstems.8

IEC 61462, Composite hollow insulators—Pressurized and unpressurized insulators for use in

electrical equipment with rated voltage greater than 1000 V—Definitions, test methods, acceptance

criteria and design recommendations.

IEC 62155, Hollow pressurized and unpressurized ceramic and glass insulators for use in electrical

equipment with rated voltages greater than 1000 V.

IEC 62231, Composite station post insulators for substations with ac voltages greater than 1000 V up

to 245 kV—Definitions, test methods and acceptance criteria.

IEC 62231-1, Composite station post insulators for substations with ac voltages greater than 1000 V

up to 245 kV—Part 1: Dimensional, mechanical, and electrical characteristics.

IEC 62271-102, High voltage switchgear and controlgear —Part 102: Alternating current

disconnectors and earthing switches.

#6 ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshodken,
PA 19428-2959, USA.

8 ZIBC publications are available from International Code Council, 900 Montclair Road, Birmingham, AL 35213-1206, USA.

8IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3

Rue de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United
States from the Sales Department, American National S tandards Institute, 25 West43rd Street, 4th Floor, New York, NY 10036, USA

(http:// www.ansi.org/).
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IEEE Std 48TM1996 (Reaf£2003), IEEE Standard Test Procedures and Requirements for Alternating-

Current Cable Terminations 2.5 kV through 765 kv, 2107+

IEEE Std 518TM_—1—982—€Re&£f—1—996)—9%t-hd-1¢aWH-}, IEEE Guide for the Installation of Electrical

Equipment to Minimize Electrical Noise Inputs to Controllers from External Sources.

IEEE Std 824TM-1994 IEEE Standard for Series Capacitors in Power Systems. IEEE Std 1036TM -

1992, IEEE Guide for Application of Shunt Power Capacitors.

IEEE Std 1527-2006™, IEEE Recommended Practice for the Design of Hlexible Buswork Located in

Seismically Active Areas.

IEEE Std C37.016™, TEEE Standard for AC High-Voltage Circuit Switcher Rated 15.5 kV through 245

kV.

ANSE IEEE Std C37.06-2000™, Switchgear—AC High-Voltage Circuit Breakers Rated on a

Symmetrical Current Basis—Preferred Ratings and Related Required Capabﬂities.6

IEEE Std C37.09TM 1999, IEEE Standard Test Procedure for AC High-Voltage Circuit Breakers

Rated on a Symmetrical Current Basis.

IEEE Std C37.20.1™, TEEE Standard for Metal-Enclosed Low-Voltage (1000 Vac and below, 3200 Vdc

and below) Power Circuit Breaker Switchgear.

IEEE Std C37.20.2TM-1999, [EEE Standard for Metal-Clad Switchgear.

IEEE Std C37.30.1™, IEEE Standard for High-Voltage Air Switches for Alternating Current, Rated

Above 1000 Volts.

;’QQIEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ
08854, USA (http://standards.ieee.org/).

+ 10 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics

Engineers, Inc.
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IEEE Std C37.90.1TM-2002, IEEE Standard Surge Withstand Capability (SWC) Tests for Protective

Relays and Relay Systems Associated With Electric Power Apparatus.

IEEE Std C37.90.2TM-2004 TEEE Standard for Withstand Capability of Relay Systems to Radiated

Electromagnetic Interference from Transceivers.

IEEE Std C37.100.1™, TEEE Standard for Common requirements for switchgear rate above 1000

Volts.
IEEE Std C37.122TM‘—1-998, IEEE Standard for Gas-Insulated Substations.

IEEE Std C57.12.00TM—2000, IEEE Standard General Requirements for Liquid-Immersed

Distribution, Power, and Regulating Transformers.
IEEE Std C57.13TM-1993, [EEE Standard Requirements for Instrument Transformers.

IEEE Std C57.16TM-1996, [EEE Standard Requirements, Terminology, and Test Code for Dry-Type

Air-Core Series-Connected Reactors.

IEEE Std C57.19.00TM 2004, TEEE Standard General Requirements and Test Procedure for Outdoor

Power Apparatus Bushings.

IEEE Std C57.21TM 1990 (Reat 1995}, TEEE Standard Requirements, Terminology, and Test Code
for Shunt Reactors Over 500 kVA.

IEEE Std C62.11T™ —999, TEEE Standard for Metal-Oxide Surge Arresters for Alternating Current

Power Circuits.

MDOC/CEE-CDS, Manual de Disefio de Obras Civiles, de la Comision Federal de Electricidad,

Instituto de Investigaciones Eléctricas, México1993. 32 11

+2 11 \[DOC/CFE publications are available from the Civil Engineering Department, P.O. Box 1475, 62001, Cuernavaca, Mor,

Mexico.
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National Building Code of Canada (NBCC),—E—le:x,zel:\Jf-lq—]%elitéenct,—1—995.18 12

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply.

The Awutheritative-IEEE Standards Dictionary efHEEE-StandardsTerms{B16} Online should be refereneed

consulted for terms not defined in this clause.13

#2312 The National Building Code of Canada is available from the National Research Council of Canada, Institute for Research in

Construction, Ottawa, Canada.

L3/FEE Standards Dictionary Online is available at: http://dictionary .ieee.org.
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3-+4-arias intensity: A ground motion parameter that is a measure of the total energy associated

with a ground motion record. The Arias Intensity is proportional to the integral over time of the

acceleration (m/sz) squared, and thus, it considers the full range of frequencies recorded over the

duration of the given record.
Arias Intensity A(f) = {J.[.,.-zg:lﬁ* a(z) dr

Normalized Arias Intensity I(t) = A(t) / A(e)

where

a(t) is the acceleration time history function=

334 brittle material eempenents: A material that experiences limited or no plastic deformation
before fracture. Limited deformation shall be taken as less than 10% in 5 cm (2 in) at failure in

tension.

bushing shake-table rated moment: The measured moment observed at the insulator-flange

interface corresponding to the prescribed shake table test. The maximum moment that the bushing

can survive without damage, i.e., the moment capacity, will be equal to or greater than the shake-

table rated moment.

33-5—complete quadratic combination (€€E€ COC method): A modal combination method,

especially useful for systems with closely spaced frequencies.
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composite insulator: An insulator composed of a fiber-reinforced core, with metal end fittings, and

elastomer sheath and sheds.

critical variables: Strain, stress, and deflection determined at locations that indicate the seismic or

structural capacity of a component.

dedicated support: A dedicated support is a structure designed exclusively to support only a single

piece of substation equipment. Dedicated supports may be seismically qualified in conjunction with

a specific piece of equipment by the prescribed methodology in this recommended practice for the

supported equipment. Examples include a pedestal supporting a CVT or the entire structure

supporting a disconnect switch.

Design level: Thelevel of shaking or seismic event that is half the performance level. At this level of

shaking or seismic event, qualified equipment should be fully functional and completely

undamaged.

34-7-ductile material: Material that experiences considerable plastic deformation before fracture.

Considerable plastic deformation is defined as 10% or greater in 5 cm (2 in) at failure in tension.

348—dynamically equivalent or better support structure{s): A functionally similar support
structure that ransmits results in seismic moetions-such-astranslationandrotationat demand of the

equipment interfaee that is less than or equal to fequivalent)jorless{better)-thanastruetureto-which

OrRPATEISo b : sk e oxld wde—allpossible—a S do that

occurring when mounting the equipment on a support with which the equipment has been

seismically qualified.
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equivalent terminal force (ETF) method: Method of accounting for the effects of conductor

interaction by applying a force to the terminal of equipment. These responses due to ETF are then

added to the seismic responses of the unconnected equipment item. See A.1.6.3.

33310—flexible equipment: Equipment, structures, and components whose lowest resonant

frequency is less than theeutefffrequeney; 33 Hzontheresponsespeetrum.

33A1fragility testing: Vibration testing of substation equipment to the minimum level of shaking at

which the equipment will redenger-operateasintended experience structural failure.

3-342-g: Acceleration due to gravity that is 9.81 m/s2 (32.2 ft/sz).

33443-ground acceleration: The acceleration of the ground resulting from the motion of a given
earthquake. Themadmumor See: peak ground acceleration is-thezere-period-aceeleration(ZPA)-of
the-greundrespensespeetrtum.

high (0.5 g) design level required response spectrum: A response spectrum used to qualify

equipment using the design level seismic qualification approach. The spectrum is defined by halving

the acceleration values shown in Figure A.1 for the high performance level required response

spectrum.

high (1.0 erformance level required response spectrum: A response spectrum that directl

reflects the accelerations associated with the seismic qualification objective (refer to 5.2) at the high

level. The spectrum is defined by the plots and equations detailed in Figure A.1.
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intermediate support: The structural member or sub-assembly in between the equipment and

primary substation structure. Intermediate supports may also act as the support for other pieces of

equipment, or conductor pull off loads.

3-314-1oad path: The route the loads follow through the equipment and support. It describes the
transfer of loads generated by, or transmitted through, the equipment from the point of origin of the

load to the anchorage.

34-35-maximum mechanical load (MML): The largest service load allowed on a composite hollow
insulator or bushing. The MML is within the reversible elastic range and is supphied specified by the
manufacturer. See IEC 61462 (Ed. 1.0) and R.1.2.4.

moderate (0.25 g) design level required response spectrum: A response spectrum used to qualify

equipment using the design level seismic qualification approach. The spectrum is defined by halving

the acceleration values shown in Figure A.2 for the moderate performance level required response

spectrum.

moderate (0.5 g) performance level required response spectrum: A response spectrum that directly

reflects the accelerations associated with the seismic qualification objective (refer to 5.2) at the

moderate level. The spectrum is defined by the plots and equations detailed in Figure A.2.

modified performance level required response spectrum: These spectra are used for shake-table

testing transformer bushings and are defined in D.5.2.1.d).

moment amplification factor (MAF) method: Method of accounting for the effects of conductor

interaction by applying a factor to the seismic responses of a standalone unconnected equipment

item. See A.1.6.2.

3336normal operating load: Any force, stress, or load resulting from equipment operation that can

reasonably be expected to occur during an earthquake, except shert—eirewit the loads_given in 6.10

through 6.12.
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peak ground acceleration: The peak ground acceleration is the maximum ground acceleration of

any component of the time history.

performance level: Thelevel of shaking or seismic event at which qualified equipment is anticipated

to perform acceptably with little or no significant structural damage.

performance level response spectrum: A response spectrum that directly reflects the accelerations

associated with the seismic qualification objective (refer to 5.2).

polymer-housed surge arrester: Arrester using polymeric and composite materials for housing.

primary substation structure: In the context of the support of substation electrical equipment, a

primary substation structure shall be considered to be any other structure not deemed a dedicated

support. Primary substation structures may also support rigid bus work or conductors.

required response spectrum (RRS): Response spectrum that defines the required level of input

motion for a given level of qualification.

3-+-19resonant frequency: Frequencies coinciding with the natural frequency of a system (at which

the response amplitude is a relative maximum) are known as resonance frequencies. At these

frequencies, even small periodic driving forces can produce large amplitude oscillations A-frequeney
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3-3:20-response spectrum: A plot of the maximum response of an array of single-degree-of-freedom
(SDOF) identically damped oscillators with different frequencies, all subjected to the same base

excitation.

3321rigid equipment: Equipment, structures, and components whose lowest resonant frequency is

greater than the-eutefffrequeney-33 Hz; on the response spectrum.

seismicidentification plate: A physical plate to be placed on the equipment identifying it as having

satisfied the requirements of this recommended practice. See A.7 for details on the data to be placed

on the plate.

3322 seismic outline drawing: A 280-mm—<432-mmH-Hin<17in) A3 216-mm—<280-mm{(8lsin—~
H-iny—erA4-drawing thatshews-dedicated to the depiction of key information—eonecerningthe
seismic qualification eftheequipmentItshowsinformationsuch-astheresonantfrequencies-of-the
egquipmentimpertantloadsan—outlinedrawing parameters of the equipment—+hecenterofgravity

of- the equipmentandotherkey-information-abeut-the equipment and meeting the requirements of

either A.5.5 or A.6.4. See also Annex S and Annex T.

seismic protective device: A device such as a base isolator or damper that reduces seismic response

by lowering the frequency and/or increasing the damping to a system.

seismic qualification approach: The solution path for seismic qualification. The two seismic

qualification approaches used in this recommended practice are the design level approach and the

performance level approach.

seismic qualification level: There are three levels of qualification, high, moderate, and low. The

level at which equipment must be qualified is dependent upon the seismicity of the region where it

will be in service.

seismic specialist: An individual who, through education, training, and experience, is capable of

planning, performing, and documenting a seismic qualification as described in this recommended

practice (A.5.2, A.6.2).
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specified cantilever load: As defined in IEC 62231, the cantilever load that a solid core station post

composite insulator can withstand for a short term.

specified long-term load (SLL): As defined in IEC 60099-4, the force perpendicular to the

longitudinal axis of an arrester, allowed to be continuously applied during service without causing

anv mechanical damage to the arrester.

33:23-specified mechanical load (SML): Thebendingmomentloadof A-composite—whichis= rated

load a composite insulating product (insulator or housing) can withstand for 1 min. It is

predominantly associated with cantilever loads. The SML is equal to or greater than 2.5 times the

maximum mechanical load-—A#ter-application-ofthe SMIJoadtheresidual strain-maybe+5%of the

N O hla damaoa oy o hao SN\

(MML) for a composite hollow insulator.

specified short-term load (SSL): As defined in IEC 60099-4, the greatest force perpendicular to the

longitudinal axis of an arrester, allowed to be applied during service for short periods and for

relatively rare events without causing any mechanical damage to the arrester.

standalone configuration: The configuration of an equipment item that is not connected by

conductors to equipment. The seismic qualification of the equipment is usually performed in the

standalone or unconnected configuration. See 6.9.

test response spectrum (TRS): The response spectrum that is calculated from the time history

motion recorded at the base of equipment in a time history (shake table) test.

3324—triaxial: Festing Test or analysis #—procedure in which the effects of vertical and two

horizontal orthogonal directionsand-the-vertical-direetionr components of earthquake are applied

simultaneously.
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3-3:25-zero period acceleration (ZPA): The acceleration level of the high-frequency, non-amplified

portion of the response spectrum—e-g—abeve—the—eutetffrequeney—33H=). This acceleration

corresponds to the maximum (peak) acceleration of the time history used to derive the spectrum.

NOTE—For use in this recommended practice, the ZPA is assumed to be the acceleration respesrse

at 33 Hz or greater.

3.2 Abbreviations and acronyms

ACI

ADM

AISC

ASCE

ASD

AWS

BIL

O

-,
@)
<

DFR

American Concrete Institute

Aluminum Design Manual

American Institute of Steel Construction

American Society of Civil Engineers

allowable stress design/allowable strength design

American Welding Society

basic impulse insulation level

center of gravity

complete quadratic combination

current transformer

capacitor voltage transformer

dead load

duty cvcle voltage (rating)

digital fault recorders

earthquake loads or seismic loads; modulus of elasticity
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EPDM

GIS

5
O

LTR

LRFD

MAF

MDOC/CFE

MML

NBCC

PGA

ethylene propylene diene copolymer

ethylene propylene copolymer

equivalent terminal force

flexible alternating current transmission systems

fiberglass reinforced polymer

gas insulated switchgear

high voltage direct current

International Electrotechnical Commission

intelligent electronic devices

International Building Code

instrument transformer

laboratory test report

load and resistance factor design

moment amplification factor

Manual de Disenio de Obras Civiles de la Comision Federal de Electricidad

maximum mechanical load

National Building Code of Canada

National Eartheualke Lasards Reduction B

peak ground acceleration
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PSD power spectral density (gz/Hz vs. frequency)

RRS required response spectrum
RTU remote terminal unit
SCL specified cantilever load

SDOF single degree of freedom
SED substation electronic devices
SER sequence of events recorders
SLL specified long-term load
SML specified mechanical load
SR silicone rubber

SRSS square root of the sum of the squares
SSI soil-structure interaction
SSL specified short-term load
TRS test response spectrum

\2) voltage transformer

W wind loads

ZPA zero period acceleration

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 22:41:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 693-2018


http://www.avadocuments.com/doc/ieee-693-2018
http://www.avadocuments.com/doc/ieee-693-2018

4. Instructions

4.1 Format of this recommended practice

This recommended practice is divided into 8 seven clauses (Clause 1 through Clause 8 7) and 22 25

annexes (Annex A through Annex ¥ Y). Clauses contain general seismic design—requirements.
Annex C through Annex P_and Annex V contain equipment-specific seismic design requirements

and are located after the clauses. If the type of equipment to be qualified is not specifically addressed

in Annex C through Annex P_and Annex V, the seismic-desigr requirements of Annex B may be

used, if applicable.

Sections of the document that are deemed “normative” establish requirements of the recommended

practice. Whereas sections of the document deemed “informative” are included for information

purposes only.

All the clauses of the document (Clause 1 through Clause 7) are to be considered as being normative.

Annexes can be either normative or informative. For any particular annex, the designation of it

being either normative or informative will be in parenthesis immediately before the annex title.
4.2 Standardization of criteria

IEEE Std 693 is designed as an integrated set of requirements for the seismic qualification of

electrical substation equipment. Users should use IEEE Std 693 as a whole. Do not modify or remove

any requirement, except as allowed herein (refer to 5.8.3).

If any part of this recommended practice is changed, removed or not met, then neither the user nor

the manufacturer may claim the equipment is in compliance with this recommended practice and

should not attach the seismic identification plate to the equipment.
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The user or the user’s agent should supply the following information in their equipment

specifications to the manufacturer:

a) The type of equipment shall be stated, and the name must match one of the types of

equipment described in Annex C through Annex P_and Annex V, such as circuit

breaker, disconnect switch, or suspended wave trap, arndse-en—er otherwise Annex B

must be referenced.

NOTE—The electrical section of the user’s specifications should define the detailed electrical

requirements—aeluding (e.g., voltage, BIL, creep lengthsand-se-on).14

b) A statement that the equipment shall be qualified according to the requirements of this

recommended practice.

C) The seismic qualification level required (i.e., high, moderate, or low). To determine the

qualification level;; refer to 4.4, 5.7, 5.8-6, and 5.12.

214 Notes #to text, tables, and figures are g#e#-for information only and do not contain requirements needed to implement the

recommended-practiee standard.
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d) Equipment’s in-service configuration. The user or user’s agent should_specify:

1)  Speeify—that Whether the equipment be supplied with or without a support.

2) The configuration, height of the support, and any other specific detailing

requirement, if furnished with a dedicated or intermediate support.

3) The details of the support structure including anchorage points, if the

manufacturer is responsible for qualifying the equipment on any other support,

including primary substation structures.

e) Theuser should include a schedule of due dates for completion of the test plan, testing

(if needed), and the report.

The templates given in Annex U may be used in preparing seismic qualification specifications for

Annex B through Annex P, Annex V, and Annex W.

The specification templates are given in English. ¥ They may be translated into other languages.
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isreguired—The test plan schedule requirements should be omitted from the Annex B template; if

the qualification is by analysis.

4.4 Selection of qualification level for a region

This recommended practice provides three levels of qualification that should encompass the needs
of most users. Experience has shown that it is good practice to specify the same criteria for all like

equipment in all substations within a reasonably large geographical area—even—ifseme-ofthe

In the event of equipment malfunction erin-theeventeffollowing an earthquake, belost-andreed
to—bereplaced—quieldy—equipment from other substations or standard spares can be moved and

installed in the substation that experienced the loss. Adse,eeping—the-same-eriteriatfor—altike
Equipment will-simply—makeit-easiertokeeptrack-ofequipmentand-its inventory management

may be simplified by employing the fewest number of different qualification level levels.

When selecting or standardizing a seismic qualification level for a region, the qualification level

should bebased on the highest seismicity within the region being considered. Refer to 5.7 and 5.12.
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4.5 Acceptance of previously qualified electrical equipment

4.5.1 Acceptance of previous qualifications from other standards

Exdsting—qualifications,—inecluding—qualifieations Equipment that is in conformance with other
standards; may be acceptable and need not be repeated—previded—the-requalified. However, a

supplemental report shall be prepared by a seismic specialist-whe—signs—the-. The supplemental
report must provide detailed explanation and the-tseragreein—writing documentation that shows

that the existing previous qualification adequately meets or exceeds the requirements of this

recommended practice. Hewever;”Adequately” means that the existing previous qualification

can be used

to meet or exceed therequirements of his the current recommended practice—Changesto-thereport

will-bedidentified, in the opinion of the user and the seismic specialist.
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4.5.2 Acceptance of previous versions of IEEE Std 693

Equipment qualified to IEEE Std 693-1997 or later versions will be deemed to be in conformance

with the current version of IEEE Std 693, and the qualification need not be repeated, unless a

previous qualification test or analysis method is explieitly—exeluded by—theeurrentversion—The

the current version.

The equipment that is excluded by the current version are the following:

— Bushings that are required to be qualified by time history testing (by D.5.5)

— Equipment utilizing composite insulators that have not passed the shed seal test (by
A.4.6)

— Equipment 110 kV and above with conductor load effects, and qualified by means

other than the static pull test (by A.1.6)

— Surge arresters 90 kV DCV and above with conductor load effects (by A.1.6.)

— Inherently acceptable equipment—anchorage calculations (by A.1.5)

equipment that is excluded by the current version as listed above, a supplemental report shall be

prepared by the seismic specialist to be able to qualify the equipment to the current version of this
the recommended practice—a——supplementalrepert—must, The qualification will be appended

acceptable provided the issues that cause the exclusion can be shown to be satisfied in the eld

previous qualification or additional analysis or tests that are performed. The supplemental report

report applicable to the previously qualified equipment. The manufacturer shall furnish to the user,

the supplemental report, and the seismic report for the previously qualified equipment.
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4.5.3 Seismic identification plate

When previously qualified equipment has satisfied the requirements of 4.5, the manufacturer shall

furnish a seismic identification plate in accordance with A.7.2. The manufacturer of such equipment

shall provide to the user a supplemental report/letter that includes depiction of the seismic

identification plate.

4.6 Optional qualification methods

4.6.1 General

The manufacturer may replace an annex-specified qualification method with an optional
qualification method listed in 4.6.2 through 4.6.710. The intent of the optional qualification methods
is to return either a more conservative or a more precise determination of the seismic loads than the

eriginalrequired annex specified technique. Qualification techniques with recognized options are

limited to those listed in 4.6.2 through 4.6.710.

It should be noted that these are manufacturers” options only. The user is not to exercise these

options._The qualification shall be done according to the requirements of A.1, and the acceptance

requirements shall be according to the requirements of A.2 or A.4 as applicable.

4.6.2 Option to static analysis

When static analysis is specified, the manufacturer has the option of substituting it by dynamic

analysis, time history analysis, or time history testing—er—sine-beat—testing—according—to—the

&t of A 1-and aceepta &t of A2-as-appropriate (design or performance

level), provided all other requirements are met.
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4.6.3 Option to dynamic analysis (static coefficient analysis)

When dynamic analysis is specified, the manufacturer has the option of substituting it by the static

coefficient analysis method as defined in A.1.3-24.6, provided a static coefficient of 1.5is used and all

other requirements are met—Fhis—method—-allows—a—simpler techniquein—returnforadded

4.6.4 Option to dynamic analysis (time history analysis or testing)

When dynamic analysis is specified, the manufacturer has the option of substituting it by the time

history analysis or time history test exsinebeattest (design or performance level) and its associated

acceptance criteria in lieu of the analytical method, provided all other requirements are met.Fhe

4.6.5 Option to static coefficient analysis

When the static coefficient analysis is specified, the manufacturer has the option of substituting

dynamic analysis, time history analysis, or sire-beattesting time history test (design or performance

level) as an alternative method of analysis, provided all other requirements are met. Fhe

4.6.6 Option to time history analysis

When the time history analysis is specified, the manufacturer has the option of time history test

(design or performance level) as an alternative method of analysis, provided all other requirements

are met.
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4.6.7 Option to use a greater acceleration

The manufacturer may use an acceleration greater than that specified or a response spectrum that

envelops the required response spectrum as—diseussed—in (refer to Figure A.1_of Figure A.2:2;)

provided all other requirements are met.

4.6.8 Option to test-at-theperformance design level test

When design level testing (refer to 5.4.2) is specified, the manufacturer has the option of testing at

4.6.9 Option to pull test

When a pull test is specified, the manufacturer has the option of substituting the time history test e+
sine—beat—test—and its associated acceptance criteria in lieu of the pull test, provided all other

requirements are met.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 22:41:44 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 693-2018


http://www.avadocuments.com/doc/ieee-693-2018
http://www.avadocuments.com/doc/ieee-693-2018

