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Introduction

 

(This introduction is not a part of IEEE Std 628-2001, IEEE Standard Criteria for the Design, Installation, and Qualifica-
tion of Raceway Systems for Class 1E Circuits for Nuclear Power Generating Stations.)

 

The original document was issued in 1987 and reaffirmed in 1992. During the process of reaffirmation, it
was agreed to add earthquake experience data as an acceptable method of performing seismic qualification
for raceway systems in this revision of the standard. This revision, therefore, incorporates methods devel-
oped by the Seismic Qualification Users Group (SQUG). An annex has been added to the document to assist
the user with the new methodology. The applicability of this methodology is contingent on its acceptability
per the plant licensing basis. It should be noted, however, that the SQUG methodology was approved by the
US Nuclear Regulatory Commission (NRC) for verification of seismic adequacy of the cable tray systems at
older nuclear power plants that were licensed prior to IEEE Std 344-1975. At this time, the use of
experience-based methodology (SQUG) for the qualification of cable tray systems for the balance of nuclear
power plants has not been approved by the NRC.

The working group would like to express its appreciation to the SQUG, the Advanced Reactor Corporation,
and EQE International for their permission for the use of this material.

The other changes made to this standard were format changes and upgrading of the document references.
The definitions contained in the original and reaffirmed documents have been removed as they are now con-
tained in IEEE 100, 

 

IEEE Authoritative Dictionary of IEEE Standards Terms

 

. Many of the references have
been revised, while others have been superseded. In several cases, the reference list of bibliography contains
different revisions of the same standard. In those cases, the latest revision is in use unless explicitly stated in
the body of the standard.

The working group discussed the use of the term “Safety Class” in place of the term “Class 1E.” The
working group felt that definition and usage of these terms were established in IEEE Std 308-1991, IEEE
Standard Criteria for Class 1E Power Systems for Nuclear Power Generating Stations, and this standard
should conform to the established criteria. Therefore, use of the term “Class 1E” has been maintained.
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IEEE Standard Criteria for the 
Design, Installation, and Qualification 
of Raceway Systems for Class 1E 
Circuits for Nuclear Power Generating 
Stations

1. Overview

1.1 Scope

This standard contains the requirements for the design, installation, and qualification of raceway systems for
Class 1E circuits external to electric equipment and components for nuclear power generating stations.
Because aging and radiation have no known detrimental effects upon metallic raceway systems and because
nonmetallic raceway systems are limited to underground or embedded applications, aging and radiation are
not considered in this standard. The embedments or structural members to which a support is attached are
beyond the scope of this standard.

1.2 Purpose

The purpose of this standard is to provide criteria for the minimum requirements in the selection design,
installation, and qualification of raceway systems for Class 1E circuits for nuclear power generating stations.
It also prescribes methods for the structural qualification of raceway systems for Class 1E circuits.

2. References

This standard shall be used in conjunction with the following publications. When the following standards are
superseded by an approved revision, the revision shall apply.

ACI 349-97, Code Requirements for Nuclear Safety Related Concrete Structures.1

1ACI publications are available from the American Concrete Institute, P.O. Box 9094, Farmington Hills, MI 48333, USA.
Copyright © 2001 IEEE. All rights reserved. 1
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ANSI C80.1-1995, American National Standard Specification for Rigid Steel Conduit—Zinc Coated.2

ANSI C80.3-1995, American National Standard Specification for Electrical Metallic Tubing—Zinc Coated.

ANSI C80.5-1995, American National Standard Specification for Rigid Aluminum Conduit (ARC).

ASME 1995 Boiler and Pressure Vessel Code, Section IX.3

ASME NQA-1-1997, Quality Assurance Program Requirements for Nuclear Facilities.

ASTM A 123-89, Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.4

ASTM A 653/A 653M-99, Standard Specification for Sheet Steel, Zinc-Coated (Galvanized) or Zinc-Iron
Alloy-Coated (Galvannealed) by the Hot-Dip Process.

ASTM B 633-98, Standard Specification for Electrodeposited Coatings on Zinc on Iron and Steel.

ASTM B 776-86, Standard Specification for Electro-Deposited Coatings of Cadmium.

AWS D1.1-00, Structural Welding Code—Steel.5

AWS D1.3-98, Structural Welding Code—Sheet Steel.

IEEE Std 344-1987 (Reaff 1993), IEEE Recommended Practice for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations.6

IEEE Std 384-1992 (Reaff 1998), IEEE Standard Criteria for Independence of Class 1E Equipment and
Circuits.

IEEE Std 665-1995, IEEE Guide for Generating Station Grounding.

IEEE Std 690-1984 (Reaff 1996), IEEE Standard for the Design and Installation of Cable Systems for Class
1E Circuits in Nuclear Power Generating Stations.

NEMA FB 1-1993, Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable Assemblies.7

NEMA TC 2-1998, Electrical Polyvinyl Chloride (PVC) Tubing and Conduit.

NEMA TC 3-1999, PVC Fittings for Use with Rigid PVC Conduit and Tubing.

NEMA TC 6-1990, PVC and ABS Plastic Utilities Duct for Underground Installation.

NEMA TC 8-1990, Extra-Strength PVC Plastic Utilities Duct for Underground Installation.

NEMA TC 9-1999, Fittings for PVC Plastic Utility Duct for Underground Installation.

2ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor,
New York, NY 10036, USA (http://www.ansi.org/).
3ASME publications are available from the American Society of Mechanical Engineers, 3 Park Avenue, New York, NY 10016-5990,
USA (http://www.asme.org/).
4ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/). 
5AWS publications are available from the American Welding Society, 550 N.W. Le Jeune Road, Miami, FL 33126, USA (http://
www.amweld.org/).
6IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA (http://standards.ieee.org/).
7NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
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NEMA VE 1-1998, Metallic Cable Tray Systems.

NFPA 70-1999, National Electrical Code® (NEC®).8

UL 1-2000, Flexible Metal Conduit.9

UL 6-2000, Electrical Rigid Metal Conduit—Steel.

UL 514A-1996, Metallic Outlet Boxes.

UL 514B-1997, Fittings for Conduit and Outlet Boxes.

UL 514C-1996, Non-Metallic Outlet Boxes, Flush-Device Boxes, and Covers.

UL 797-2000, Electric Metallic Tubing—Steel.

UL 1242-2000, Intermediate Metal Conduit—Steel.

3. Abbreviations and acronyms

ABS acrytonitrile butadiene styrene
ACI American Concrete Institute
AISC American Institute of Steel Construction
AISI American Iron and Steel Institute
AWS American Welding Society
BWR boiling water reactor
DL dead load
EMT electrical metallic tubing
EPRI Electric Power Research Institute
HVAC heating, ventilation, and air conditioning
IMC intermediate metal conduit
LL live load
NFPA National Fire Protection Association
OBE operating basis earthquake
PE polyethylene
PVC polyvinyl chloride
RAC rigid aluminum conduit
RMC rigid metal conduit
RSC rigid steel conduit
RS response spectrum or spectra
SRSS square root of the sum of the squares
SRV safety relief valve
SSE safe shutdown earthquake
T thermal load
UL Underwriters Laboratories
ZPAh horizontal zero period acceleration

8The NEC is published by the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269, USA (http://
www.nfpa.org/). Copies are also available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331,
Piscataway, NJ 08855-1331, USA (http://standards.ieee.org/).
9UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA
(http://global.ihs.com/).
Copyright © 2001 IEEE. All rights reserved. 3
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4. Design

4.1 General

Raceway systems for Class 1E circuits are not Class 1E; however, they shall be designed to seismic
Category 1 requirements to prevent failure during a seismic event. Documentation requirements for the race-
way system shall be in accordance with Clause 7 of this standard.

The raceway system shall be designed to perform its functions and shall not damage adjacent safety-related
systems below an acceptable level during and after experiencing all conditions postulated to occur in its
environment. As a minimum, the design shall adhere to the basic requirements of this standard and IEEE
Std 384-1992.10

In the design and installation of raceway systems, consideration shall be given to the relative structural integ-
rity of aluminum versus steel when subjected to heat from postulated fires.

Clearances with respect to other systems shall be established and provided to ensure that movement due to
loads and load combinations (see 4.10.1) will not affect the integrity of the raceway system.

Raceways shall not be located close to heat sources unless cables are selected or derated for the highest
expected ambient temperature. Longitudinal expansion of raceways shall be considered in areas with vary-
ing temperatures.

Relative displacement of the raceway system to other systems, equipment, or structures shall be considered
in the design of raceway systems. The raceway supports shall be designed to accommodate differential set-
tlement and deflections between structures.

The design of raceways shall accommodate the installation of qualified fire stops where raceways penetrate a
fire barrier. For additional fire considerations, see IEEE Std 690-1984.

NOTE—Flexible conduit may not accommodate relative displacement in all installations.

For additional guidelines pertaining to raceway systems, see Annex B.

4.2 Separation criteria 

4.2.1 Design requirements

The design requirements for physical independence and separation of raceways containing Class 1E circuits
are contained in IEEE Std 384-1992.

4.2.2 Raceways

Raceways shall be separated according to the voltage classification of the cables contained within them. See
IEEE Std 690-1984.

4.3 Grounding

Metallic raceways shall be electrically continuous and electrically connected to the station ground grid in
accordance with IEEE Std 665-1995.

10Information on references can be found in Clause 2.
4 Copyright © 2001 IEEE. All rights reserved.
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4.4 Raceway identification 

Raceways shall be marked in accordance with the requirements of IEEE Std 384-1992; embedded conduit
shall be marked at all access points.

4.5 Raceway system protection 

Raceway systems in hazardous areas shall be designed in accordance with IEEE Std 384-1992.

4.6 Environmental considerations 

The selection of materials used for raceway systems and the finishes required shall be based on the environ-
mental conditions expected where the raceway systems are installed.

To meet the requirements for combustible gas control, materials for raceway systems to be installed in con-
tainment shall be selected with due consideration to minimizing the generation of hydrogen gas following a
design basis event.

4.7 Materials 

Physical properties of materials used for raceway systems shall meet or exceed the minimum requirements
established for the design and qualification of these systems. Conduits shall meet the minimum requirements
in 4.7.1 and 4.7.2; cable trays shall meet the minimum requirements of 4.7.3.

4.7.1 Metallic conduit

4.7.1.1 Rigid steel conduit (RSC)

RSC shall meet the requirements of ANSI C80.1-1995 and UL 6-2000.

4.7.1.2 Rigid aluminum conduit (RAC)

RAC shall meet the requirements of ANSI C80.5-1995.

4.7.1.3 Intermediate metal conduit (IMC)

IMC shall meet the requirements of UL 1242-2000.

4.7.1.4 Electrical metallic tubing (EMT) 

EMT shall meet the requirements of ANSI C80.3-1995 and UL 797-2000.

4.7.1.5 Flexible metal conduit 

Flexible metal conduit shall meet the requirements of UL 1-2000.

4.7.1.6 Fittings and accessories 

Conduit fittings and accessories shall meet the requirements of NEMA FB 1-1993, UL 514A-1996,
UL 514B-1988, and UL 514C-1988.
Copyright © 2001 IEEE. All rights reserved. 5
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4.7.2 Nonmetallic conduit 

4.7.2.1 Polyvinyl chloride (PVC) conduit 

PVC conduit shall meet the requirements of NEMA TC 2-1998, NEMA TC 6-1990, or NEMA TC 8-1990.

4.7.2.2 Polyethylene (PE) conduit 

PE conduit shall meet the requirements of NEMA TC 2-1998.

4.7.2.3 Acroylonitrile butadiene strene (ABS) conduit 

ABS conduit shall meet the requirements of NEMA TC 6-1990.

4.7.2.4 PVC conduit fittings 

PVC conduit fittings shall meet the requirements of NEMA TC 3-1999 and NEMA TC 9-1999.

4.7.2.5 ABS conduit fittings 

ABS conduit fittings shall meet the requirements of NEMA TC 9-1999.

4.7.3 Cable trays, accessories, and fittings 

Cable trays, accessories, and fittings shall meet the requirements of NEMA VE 1-1998.

4.8 Metallic raceway system finishes 

Metallic raceway systems manufactured from steel oxidize when exposed to air. This oxidation process could
ultimately cause failure. To minimize this possibility, a finish (such as galvanizing or plating) shall be applied
to the surface of raceway systems in accordance with 4.8.1.1 and 4.8.1.2, respectively. See 4.6 for additional
coating requirements that may be needed due to the environmental conditions in the area of installation.

4.8.1 Manufacturer-applied finishes 

4.8.1.1 Galvanizing 

When a galvanized finish is specified, one of the following standards shall be invoked:

— Prior to fabrication: ASTM A 653/A 653M-99, Coating Class B90

— After fabrication: ASTM A 123-89

4.8.1.2 Plating 

When a plated finish is specified, one of the following standards shall be invoked:

— Zinc plating: ASTM B 633-98, Coating Class FE/ZN5

— Cadmium plating: ASTM B 776-86, Coating Class TS

4.8.2 Field-applied finishes 

Field-applied finishes shall be compatible with the finishes applied during the manufacturing process.
6 Copyright © 2001 IEEE. All rights reserved.
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4.9 Raceway system requirements 

Raceways entering enclosures from the top or sides shall be designed to minimize the entrance of condensa-
tion or water and to prevent the accumulation of moisture within the equipment. The necessity for equipment
drains or conduit seals shall be predicated upon the required environmental parameters of the equipment
contained in the enclosure. See IEEE Std 690-1984 for raceway fill requirements. Raceways shall not be
connected to electrical equipment unless accounted for in the design.

4.9.1 Conduit system requirements 

4.9.1.1 Design 

Conduit systems shall be designed and arranged with suitable pull points (such as boxes and manholes) and
bend radii so that the allowable cable pulling tensions and side-wall pressures recommended by cable manu-
facturers or determined by calculation are not exceeded. See IEEE Std 690-1984.

4.9.1.2 Sizing 

Conduit shall be sized to avoid critical jamming ratio diameters. See IEEE Std 690-1984.

4.9.1.3 Seismic loading 

Unless justification is otherwise provided, rigid metal conduit (RMC) or IMC shall be used in exposed con-
duit systems designed for seismic loading.

4.9.1.4 Compliance 

Where compliance is required by local, state, or federal laws, National Electrical Code® (NEC®) (NFPA 70-
1999) shall be used in selecting conduit types for use in hazardous locations.

4.9.1.5 Flexible metal conduit 

The length and installed configuration of flexible metal conduit shall be designed to provide for dynamic and
thermal movement and to accommodate the largest minimum bending radius of the cables to be installed.
The length of flexible metal conduit shall be accounted for in the design and qualification of the conduit sys-
tem. Flexible entry shall be used for conduit entering Class 1E equipment where relative movement between
the conduit and the equipment is anticipated.

4.9.1.6 Welding of conduits

Welding of conduits shall not be permitted.

4.9.1.7 Metallic conduit system 

The entire metallic conduit system, whether embedded or exposed, shall be electrically continuous and
grounded in accordance with IEEE Std 665-1995. Where used as the equipment grounding conductor, flexi-
ble conduit and associated fittings shall be suitable for the anticipated ground fault current; or they shall be
paralleled with a ground cable of suitable size.

4.9.1.8 Embedded conduit 

Embedded conduit may be either metallic or nonmetallic. When embedded in building walls or floors, it
shall meet the requirements of ACI 349-97, unless justification is otherwise provided. Embedded conduit
subject to flooding shall slope to either boxes, handholes, or manholes for drainage or be sealed to exclude
Copyright © 2001 IEEE. All rights reserved. 7
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the entry of water. Where embedded conduit crosses a seismic, vibration, or expansion/contraction joint, a
piece of flexible conduit or suitable fitting shall be installed to allow relative movement of the structures
without damaging the conduit.

4.9.1.9 Embedded conduit protection 

Protection shall be provided for embedded conduit at floor levels and other locations where physical damage
to cables is likely.

4.9.2 Cable tray system requirements 

4.9.2.1 Cable tray design

Cable trays shall be designed to carry their design dead load (DL) (see 4.10.1.1.1) and a minimum concen-
trated load of 90.72 kg (200 lb) at midspan at the centerline of the tray or on either side rail. Under this
condition, the tray shall neither fail nor be permanently distorted.

4.9.2.2 Cable tray protection 

Protection shall be provided on exposed vertical tray risers at floor levels and other locations where physical
damage to cables is likely.

4.9.2.3 Cable tray utilization 

Cable trays shall not be utilized to carry ducts, piping, instrument tubing, or other equipment unless it can be
demonstrated that the Class 1E functions of the cables will not be degraded below an acceptable level.

4.9.2.4 Grounding 

Cable tray systems shall be electrically continuous and solidly grounded. Where the tray is not capable of
serving as an adequate ground return path, a ground conductor of suitable size shall be attached to and run
parallel with the tray.

4.9.2.5 Flexible connectors 

Unless accounted for in the design, conduits shall not be connected to trays. Where continuity of metallic
shielding or protection of conductors is required, a flexible connection shall be used to accommodate hori-
zontal and vertical movement caused by a dynamic load.

4.9.3 Wireway system requirements 

4.9.3.1 Extent of permission

Wireways shall be permitted only for exposed work. Wireways shall not be installed in any hazardous loca-
tion or where subjected to severe physical damage or corrosive vapor.

4.9.3.2 Supports 

Wireways shall be securely attached to the supports. Adjoining wireway sections shall be securely fastened
together to provide a rigid joint. Vertical runs shall have no more than one joint between supports.

4.9.3.3 Pass-through 

Wireways shall be permitted to pass through walls and floors if the pass-through is in unbroken lengths.
8 Copyright © 2001 IEEE. All rights reserved.
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4.9.3.4 Extension 

Extension from wireways shall be made with rigid or flexible metal conduit, intermediate metal conduit, or
trays, where compliance with NEC is required by local, state, or federal laws. DLs of wireways shall be
closed.

4.9.3.5 Grounding 

Wireways shall be electrically continuous and solidly grounded. Where the wireway is not capable of serving
as an adequate ground return path, a ground conductor of suitable size shall be attached to and run parallel with
the wireway.

4.9.4 Underground duct system requirements 

4.9.4.1 Duct banks 

Duct banks entering buildings, manholes, or handholes shall allow for relative displacement between the
structure and the duct bank.

4.9.4.2 Duct bank protection 

Protection shall be provided on exposed duct banks at floor levels and other locations where physical dam-
age to cables is likely.

4.9.4.3 Sloping 

The duct bank shall be sloped to drainage points, manholes, or handholes. All encased duct joints shall be
concrete-tight.

4.9.4.4 Duct length and configuration 

The duct bank length and configuration between pull points (such as manholes or handholes) shall not cause
cable side-wall pressures, cable bending radii, and cable pulling tensions that exceed specified requirements
(see IEEE Std 690-1984). Cable pull points shall have openings sufficiently sized to accommodate the
cable’s minimum bending radius during installation. 

4.9.4.5 Duct spacing 

The spacing of ducts shall be based on thermal considerations (such as cable I2 R losses or circulating cur-
rents) and to ensure adequate concrete encasement. Duct spacer materials shall be compatible with the duct
material. The duct spacer type and longitudinal spacing shall be chosen to prevent excessive deflection, shall
not deform the duct wall, and shall be staggered to avoid shear planes. The bottom spacer shall provide suf-
ficient clearance from the trench floor to permit the specified concrete layer thickness. Wood shall not be
used for duct spacers. 

4.9.4.6 Metallic ducts 

Metallic ducts shall be electrically continuous throughout and grounded at each access point.

4.9.4.7 Ground wire

A ground wire of suitable size shall be run along with nonmetallic duct banks. It shall enter every manhole
and handhole. The ground wire shall be connected to the station ground system at each end of the duct
banks.
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4.9.4.8 Damage

To avoid damage due to circulating currents, nonmetallic ducts in a bank shall not be looped by ferrous
materials (such as rebar or iron mesh) unless the ferrous materials are far enough away to minimize induc-
tive heating.

4.9.4.9 Underground raceway identification 

Underground raceways shall be marked with the duct identification and safety division designations at each
access point. Duct banks external to structures shall be marked with surface and subsurface location markings.

4.9.4.10 Duct bank encasement 

The duct bank encasement shall consist of materials such as sand or reinforced concrete, depending upon the
seismic conditions at the site.

4.9.4.11 Reinforced concrete encasement 

Duct banks, manholes, and handholes encased in reinforced concrete shall have concrete adequately rein-
forced so they will be able to withstand the design loads and remain functional.

4.9.4.12 Sand-encased duct banks 

If sand-encased duct banks are used, adequate compaction of sand shall be provided for uniform support of
the ducts.

4.9.4.13 Duct bank protection 

Duct banks shall be protected from tornado-generated missiles or turbine missiles by adequate earth cover
and other similar means. Manholes and handholes shall be afforded equivalent protection.

4.9.4.14 Buried conduits 

Directly buried conduits shall not be installed under roadways or in areas where heavy equipment may be
moved over them unless adequately protected.

4.9.4.15 Design 

The design of reinforced concrete structures for underground duct, manholes, and handholes shall be accord-
ing to ACI 349-97.

4.9.5 Combination support requirements 

Where supports carry more than one type of raceway, a mechanical system, or both, the load combination
shall be considered in the design. The combination support shall be designed as seismic Category I and shall
meet the requirements of this standard.

4.10 Structural design criteria 

4.10.1 Loads and load combinations 

The loads identified in 4.10.1.1 shall be considered in the design of raceway systems and underground duct
banks.
10 Copyright © 2001 IEEE. All rights reserved.
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4.10.1.1 Loads 

4.10.1.1.1 Dead loads (DLs)

The DL shall consist of the weight of the raceway system, cables, fireproofing materials, and other
permanently attached loads. The weight of cable shall be based on the maximum allowable raceway fill. For
underground duct banks, the DL shall include the soil pressure and any hydrostatic water pressure.

4.10.1.1.2 Live loads (LLs) 

The LL shall consist of the static loads supported by the raceway system that are temporary in nature. These
loads, when applicable, shall consist of, but not be limited to, concentrated loads due to installation or main-
tenance (see 4.9.4.1). Where applicable, vehicular traffic, railroads, and other surface loads shall be included
as LLs for underground duct banks.

4.10.1.1.3 Thermal loads (T) 

Where thermal loads are to be included, they shall consist of the most critical transient or steady-state condi-
tion for the load combination under consideration. In most applications, thermal loads are not a
consideration.

4.10.1.1.4 Safety relief valve (SRV) loads

The SRV load is a dynamic load other than seismic that is specified at the system anchorage by response
spectra (RS) or time history motions. This load is applicable only to boiling water reactor (BWR) plants.
Other dynamic effects (such as chugging, pool swell, and condensation oscillation leads) shall be included
along with SRV load effects as appropriate for the postulated accident condition.

4.10.1.1.5 Operating basis earthquake (OBE) loads

An OBE load is a seismic load imposed on raceway systems generated by the OBE. The seismic loads from
the three principal directions shall be determined for this condition. For underground duct banks, earthquake
loads shall include the effects of seismic waves, such as shear and compressive waves, dynamic soil pres-
sure, and inertia loads.

4.10.1.1.6 Safe shutdown earthquake (SSE) loads

An SSE load is a seismic load imposed on raceway systems generated by the SSE. The seismic loads from
the three principal directions shall be determined for this condition. For underground duct banks, earthquake
loads shall include the effects of seismic waves, such as shear and compressive waves, dynamic soil pres-
sure, and inertia loads.

4.10.1.2 Load combinations 

The raceway and underground duct system shall be designed to withstand the effects of the load combina-
tions in Table 1. If applicable, missile loads shall be included in the extreme environmental load combination
for underground duct banks. An OBE response analysis and design are not required if the OBE is one-third
or less of the SSE. An OBE response analysis is required if the OBE is greater than one-third of the SSE. 

4.10.1.3 Abnormal loads 

For raceways internal to the station, abnormal loads are those generated by a postulated high-energy pipe
break accident, accident pressure loads, jet impingement loads, pipe whip missile loads, and equipment mis-
siles. For external raceways, abnormal loads would be an externally generated missile. Generally, these loads
Copyright © 2001 IEEE. All rights reserved. 11
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have a high magnitude and are localized. It is not practical to consider these loads in the structural analysis
of the raceway system. See IEEE Std 384-1992 for the design considerations associated with abnormal
loads.

4.10.2 Structural acceptance criteria 

The acceptance criteria shall be developed for the raceway system. The criteria should be obtained from
industry experience, applicable codes and standards, manufacturing standards, or the ultimate load values
from the test data. Annex C contains additional guidance with respect to the use of the elastic design method.
Annex D contains additional guidance with respect to the use of seismic-experience-based acceptance
criteria.

4.10.2.1 Displacement limits 

Movement of the raceway system may occur due to design considerations, such as thermal expansion or a
seismic event. Displacement limits shall be imposed on raceway systems so that all required clearances are
maintained and cables remain intact to prevent loss of circuit continuity.

4.10.2.2 Testing 

Where cable tray and wireway characteristics, such as section properties and deflections, cannot be accept-
ably determined by analysis, a test shall be performed to determine these parameters.

4.10.3 Structural analysis 

The structural analysis shall be performed for the loads specified in 4.10.1.1. Two analytical methods for
calculating the effects of dynamic loads on raceway systems are commonly used: dynamic analysis and
equivalent static-load analysis. The selection of the analysis method shall take into account the complexity
of the system and the adequacy of the analytical technique to properly predict the response of the system
while under dynamic excitation and other dynamic loads (see 4.10.1).

As an alternative to rigorous analysis of seismic loads, the seismic-experience-based qualification method
contained in Annex D may be used. This method, which is based on the evaluation of documented perfor-
mance of raceway systems in past earthquakes and tests, as well as analytical considerations, is considered
adequate to assure acceptable performance of the raceway system.

4.10.3.1 Dynamic analysis 

Dynamic analysis of a raceway system shall be performed by using the mathematical model of the raceway
system that best represents the mass distribution and stiffness of the various system components. RS applica-
ble to the raceway system location shall be utilized to define the dynamic loads. The RS is selected for the
damping values defined in 4.10.3.3.

The spectral accelerations for each mode shall be obtained for each component of the earthquake from the
appropriate RS. The representative maximum design values of the individual modal responses of interest in

Table 1—Load combinations

Normal DL + T + LL
DL + T + SRV

Severe environmental DL + T + SRV + OBE

Extreme environmental DL + T + SRV + SSE
12 Copyright © 2001 IEEE. All rights reserved.
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design shall be combined in accordance with the requirements of IEEE Std 344-1987; or other methods may
be used, provided they are justified. The responses obtained for each of three orthogonal directions shall be
combined by the square-root-of-the-sum-of-the-squares (SRSS) technique. The resulting seismic responses
shall be combined with respective responses due to other loads according to the load combinations specified
in 4.10.1.2. 

4.10.3.2 Static-load analysis 

Equivalent static-load analysis shall be performed as required to obtain the responses due to dynamic loads.
The mass of the system multiplied by an appropriate factor (see IEEE Std 344-1987) times the peak response
value of the applicable RS curve at an appropriate damping value shall be used to obtain the dynamic load.
The effects of simultaneous application of these components of motion, from the three separate analyses in
each orthogonal direction, shall be combined by the SRSS technique. The representative maximum value of
a particular response for designs such as deformations or stresses may then be calculated and combined with
the response to other loads as per the load combinations specified in 4.10.1.2.11

4.10.3.3 Damping 

Damping values for each raceway system shall be established and justified.

5. Qualification methods 

Qualification of the raceway system shall be performed by analysis, test, seismic similarity screening, or a
combination of these methods.

5.1 Analysis 

Analytical procedures as described in 4.10.3.1 and 4.10.3.2 may be used for qualification of raceway systems.

Analytical results from the loads and load combination in 4.10.1 shall be evaluated for system parameters
such as mechanical strength and alignment. Maximum displacement under all loading shall be computed,
and interference and interaction effects determined. The magnitude of the essential parameters shall be less
than the established acceptable limits.

5.2 Dynamic testing 

When utilized to demonstrate the design adequacy for dynamic loads, dynamic testing shall be performed in
accordance with IEEE Std 344-1987.

5.3 Combined analysis and testing 

When required, the raceway system shall be qualified by a combined method of analysis and testing. The
mode shapes and resonant frequencies of a typical raceway system shall be determined from testing and
shall be used to verify the adequacy of the mathematical model.

11At this time, no standard method has been recognized for combining the responses due to SRV loads. When an accepted method is
developed, it will be incorporated into this document.
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5.4 Seismic-experience-based qualification 

The seismic-experience-based qualification procedure in Annex D is based upon the evaluation of
documented performance of raceway systems in past earthquakes and tests as well as conventional analytical
considerations. Two methodologies are given. The first is a design-by-rule method for use when new race-
ways and supports are to be installed (see D.1). The second is a screening procedure to be used when cables
are added to existing raceways or when new raceways are to be added to existing supports (see D.2).

5.5 Acceptance criteria 

The acceptance criteria for raceway system qualification shall be developed in the same manner as for
structural acceptance criteria (see 4.10.2). Acceptance criteria for seismic-experience-based qualification is
provided in Annex D.

6. Installation 

6.1 Packaging, shipping, receiving, storage, and handling 

Materials for raceway systems shall be packaged, shipped, received, stored, and handled in accordance with
ASME NQA-1-1997 and classified to Level D.

6.2 Installation of raceway systems 

6.2.1 Supports 

The raceway system shall be erected as shown on design drawings. Attaching supports at the anchorage shall
be accomplished by welding, bolting, stud welding, or concrete expansion anchors. Misalignment of
successive supports shall be limited so that the effects of resulting spring loads when combined with other
applicable load effects will not exceed the design allowables.

6.2.2 Anchorage locations 

Anchorage locations shown on design documents shall be provided with installation tolerances. These toler-
ances shall not compromise raceway separation requirements of IEEE Std 384-1992 or affect the integrity of
the seismic Category I structure.

6.2.3 Conduit attachments 

Conduit attachments fastened to supports shall be provided with tolerances that do not compromise separa-
tion requirements set forth in IEEE Std 384-1992.

6.2.4 Installation requirements for fasteners 

Installation requirements for fasteners (such as for welding studs, channel struts, support steel, and conduit
clamps) shall include tolerances.

6.2.5 Preventing piping or duct failures 

To prevent piping or duct failures or displacements from impairing the operation of essential systems or
components, separation requirements for installation of raceway systems shall be coordinated with the
14 Copyright © 2001 IEEE. All rights reserved.
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installation of high-energy piping; moderate-energy piping; and heating, ventilation, and air conditioning
(HVAC) ducts.

6.2.6 Welding

Welding performed in the installation of raceway systems shall be in accordance with AWS D1.1-00,
AWS D1.3-98, or ASME 1995 Boiler and Pressure Vessel Code (Section IX), as applicable. Welds shall be
inspected before applying any postweld coating.

6.2.7 Painting 

When a prime coat of paint is required to coat bare raceway support members installed inside the reactor
containment, the steel preparation and coating shall conform to the reactor containment’s unique coating
requirements.

6.2.8 Embedded conduit, joints, and fittings 

Embedded conduit, joints, and fittings shall be made concrete-tight and shall be sufficiently restrained within
the formwork to prevent movement of the conduit due to buoyancy and other forces during concrete place-
ment. When EMT is used, compression couplings should be utilized.

6.2.9 Burrs or sharp edges 

After installation of a raceway system, burrs or sharp edges that could damage cables shall be removed prior
to cable installation. See IEEE Std 690-1984.

7. Documentation 

This clause contains the minimum documentation requirements for raceway systems.

7.1 Design activities 

Activities used in the design of raceway systems (such as design drawings, calculations, analyses, and test
data) shall be documented in accordance with ASME NQA1-1997.

7.2 Raceway system components 

Adequate documentation, such as certificates of compliance, shall be maintained to indicate that the material
being procured meets the specified requirements.

7.3 Construction activities 

Installation and inspection activities shall be documented to furnish evidence that the installed raceway sys-
tem meets design requirements.

7.4 Document collection, storage, and maintenance 

The collection, storage, and maintenance of documents shall meet the requirements of ASME NQA-1-1997. 
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Annex B

(informative) 

Additional design considerations for 4.9 and 4.10

B.1 Raceway systems

Aluminum can react with certain chemical sprays used in some containment structures and release hydro-
gen, which may accumulate in explosive concentrations. The amount of aluminum raceways inside these
containment structures is considered an inventoried item for review. Galvanized raceways are recommended
inside containment structures; however, the amount of zinc used inside the containment structure is also con-
sidered an inventoried item for review.

B.1.1 Conduit and underground duct systems

B.1.1.1 Conduit application recommendations

a) Zinc-coated RMC and IMC may be exposed in wet and dry locations, embedded in noncinder con-
crete at least 5.08 cm (2 in) thick, and directly buried in soil. When used in cinder fills, it should be
protected by noncinder concrete at least 5.08 cm thick. Where alkaline conditions exist, consider-
ation should be given to a protective coating. Copper-silicon alloy, brass, or plastic plugs should be
used to plug spare conduits in wet locations. 

b) Aluminum RMC may be exposed in wet and dry locations. Because aluminum conduit may corrode
in concrete, it should not be used without an external protective coating. It should not be installed in
soil.

c) The top of duct banks should be located below the frost line. Duct banks should run as straight as
possible with manholes and handholes used to minimize the number of bends. Bends should have
the largest radius possible consistent with the duct configuration and material. Offsets in duct runs
should be avoided. Manholes and handholes should have a sump to facilitate the use of a pump when
required. Duct joints should be staggered both horizontally and vertically.

d) Hot-dip galvanized RMC should be used for installing low-level signal cables in the isolated cases
where a concrete-encased duct bank contains conduits for power and low-level signal cables and
additional electromagnetic shielding is required.

B.1.1.2 Conduit installation recommendations

a) In wet areas, RMC and IMC joints and connections should be made thoroughly watertight and
rustresistant by applying a thread compound that will not insulate the joint. To prevent raceway
obstruction, the compound should be applied only to the male conduit threads.

b) Where water or liquids can enter conduits, sloping of conduit runs and drainage of points should be
considered.

c) Running threads should not be utilized.

d) Field bends should comply with Article 346-10 of NEC.

e) Conduit installed in or through concrete should have ends plugged before the concrete is poured. All
conduits should be swabbed immediately after concrete placement. All joints should be concrete-
tight.
Copyright © 2001 IEEE. All rights reserved. 17



IEEE
Std 628-2001 IEEE STANDARD CRITERIA FOR THE DESIGN, INSTALLATION, AND QUALIFICATION OF
f) Field cuts and threads on galvanized steel conduit should be coated with a zinc-base corrosion inhib-
itor. Conduit end interiors should be clean and free of burrs.

g) Conduits should be marked sufficiently to provide easy identification.

h) Concrete curbs or other means of protection should be provided where nonmetallic conduit turns up
out of floor slabs.

i) The bottom of the trench for directly buried conduits should be reasonably flat and free of stones. A
layer of stone-free soil or sand should be placed in the trench to support the first row of conduits.
The duct-bank formation may be built up layer by layer using a selected backfill between layers. The
backfill should be free of stones and corrosive chemicals and be as homogeneous as possible. Tamp-
ing on the backfill should be on the sides and never on top of the conduits.

j) At elevated temperatures, nonmetallic (plastic) conduit will expand, causing possible loosening of
joints and other problems related to restraining the conduit in a trench; consequently, during the
summer months, consideration should be given to backfilling during the early morning or late
evening hours or on a cloudy day. The integrity of the joints should be carefully checked before
backfilling and the conduit should be swabbed immediately after backfilling.

k) When EMT is used, compression couplings should be utilized.

B.1.2 Cable tray systems—installation recommendations 

a) Minimum vertical spacing between cable trays in a tier should be 30.48 cm measured from the
bottom of the upper tray to the top of the lower tray. A minimum of 22.86 cm clearance is recom-
mended between the top of a tray and beams, piping, and other structures to facilitate cable installa-
tion.

b) Normal rung spacing of ladder-type trays should be maintained at the centerline of the horizontal
elbows.

c) Cable tray covers should be used to protect cables from falling objects, debris, or liquids; and the
system design should prevent the accumulation of such contamination. Ventilation requirements
should be considered to minimize the cable derating.

d) Field cuts to galvanized cable trays should be coated with a zinc-base corrosion inhibitor.

B.2 Structural design considerations

B.2.1 Testing 

By subjecting a cable tray to a static loading in incremental steps and measuring deflection at given loca-
tions, a load-deflection curve can be plotted. If the load is increased until failure of the tray, the maximum
load-carrying ability can be obtained. These data can then be used to calculate section properties, which can
then be used in the static or dynamic analysis of the cable tray. Similarly, raceway support properties can be
demonstrated by static-load tests.

B.2.2 Equivalent static-load analysis 

A multiplying factor of 1.5 is in agreement with IEEE Std 344-1987; however, a multiplying factor other
than 1.5 may be used if adequate justification is provided.
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B.2.3 Damping 

For raceway systems qualified by dynamic testing, both for OBE and SSE, the test-RS should be developed
at comparable damping values specified by the required RS. The damping mechanism in raceway systems is
a function of many parameters; friction, material characteristics, and joint losses all contribute to damping.
Consideration may be given to increased damping in some raceway systems due to the relative motion of
electric cables.
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Annex C

(informative) 

Guidance for structural acceptance criteria for elastic design 
method

The guidance given in this annex may be used to evaluate acceptance for the elastic design method. Higher
values of allowable stresses may be used as long as they are adequately justified.

The allowable stresses and loads for the elastic stress design method are given in C.1 through C.6.

C.1 Raceways (except cable trays) and supports 

C.1.1 Normal and severe environmental loads 

Allowable stresses without the one-third increase for wind and earthquake load should be as covered in
either AISI Cold-Formed Steel Design Manual-1996 [B3]13 or the AISC Manual of Steel Construction-1989
[B2], whichever is applicable.

C.1.2 Extreme environmental loads 

Allowable stresses for pertinent stress components should be 1.6 times the allowable codes in AISC Manual
of Steel Construction-1989 [B2] or AISI Cold-Formed Steel Design Manual-1996 [B3], but should not
exceed 0.9 times the yield strength of the material, (Fy). 

C.2 Cable trays, raceway fittings, and accessories

C.2.1 Normal and severe environmental loads 

Allowable loads should be one-half of the ultimate load or a load corresponding to one-third of the displace-
ment at the ultimate load, whichever is smaller.

C.2.2 Extreme environmental loads 

Allowable loads should be two-thirds of the ultimate load or a load corresponding to one-half of the dis-
placement at the ultimate load, whichever is smaller.

C.3 Fastening devices 

C.3.1 Normal and severe environmental loads 

The maximum allowable loads should be one-half of the ultimate load.

13The numbers in brackets correspond to the bibliography in Annex A.
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C.3.2 Extreme environmental loads 

The maximum allowable loads should be two-thirds of the ultimate load.

C.4 Welds, bolts, and threaded parts 

C.4.1 Normal and severe environmental loads 

The allowable stresses for pertinent stress components should be as specified in the AISI Cold-Formed Steel
Design Manual-1996 [B3] or the AISC Manual of Steel Construction-1989 [B2], whichever is applicable.

C.4.2 Extreme environmental loads 

Allowable stresses for pertinent stress components should be 1.6 times the allowable codes in AISI Cold-
Formed Steel Design Manual-1996 [B3] or the AISC Manual of Steel Construction-1989 [B2], but should
not exceed 0.9 times the yield strength of the material, (Fy). 

C.5 Concrete expansion anchors 

The criteria for determining allowable loads is given in ACI 349-97 for specified load combinations. Safety
factors for anchor pullout should be established and justified.

C.6 Reinforced concrete structures 

Allowable stresses should be as covered in ACI 349-97 for all load combinations.
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Annex D

(normative) 

Criteria and guidance for seismic-experience-based qualification

This annex provides criteria and guidance for seismic-experience-based qualification for raceway systems
and supports. The methodology is based on evaluation of documented performance of raceway systems in
past earthquakes and tests as well as conventional analytical considerations (see the GIP [B4]). Two method-
ologies are given. The first is a design-by-rule method for use when new raceways and supports are to be
installed. The second is a screening procedure to be used when cables are added to existing raceways or
when new raceways are to be added to existing supports. The applicability of this methodology may be con-
tingent on the licensing basis of the particular plant.

D.1 New installations (design-by-rule) 

This subclause provides criteria and guidance for the design-by-rule method for new cable tray and conduit
systems. Essential aspects of the design-by-rule method include

— Simple capacity checks for cable trays (conduits) and their supports that enable an efficient design
process

— Use of supports made of standard light gauge channel strut members, with conservatively established
vertical load capacity and significant ductile lateral displacement capability.

Recent conventional practice of raceway design in nuclear power plants has favored heavy, stiff-welded steel
supports. In contrast, the use of light gauge strut members with standard clip angle connector hardware
results in relatively flexible supports and raceway systems. The methodology is based on evaluation of
documented performance of raceways in past earthquakes and tests as well as conventional analytical
considerations (see the GIP [B4]). 

D.1.1 General requirements 

The general requirements in D.1.1.1 through D.1.1.6 shall apply.

D.1.1.1 Codes and standards applicability 

Raceway materials shall comply with codes and standards such as NEMA VE 1-1998 and NEC. Support
members shall comply with ASTM standards in building codes.

D.1.1.2 Proximity interactions 

Raceway systems utilizing light metal strut supports and connection and connection details with ductile
deformation capability may undergo significant displacement during an earthquake and come into contact
with structures, systems, and components in close proximity. The raceway should be routed and supports
placed to avoid the possibility of seismic interaction; or, if such avoidance is not possible, the acceptability
of the interaction shall be established. For estimation of raceway displacement, the in-structure spectral dis-
placement at 7% damping at the support pendulum frequency can be used as an upper bound for the raceway
displacement. Upper bound seismic displacements shall be used for adjacent structures, systems, and
components.
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D.1.1.3 Differential displacement 

Where the anchor points of two adjacent raceway supports may be subject to seismic differential displace-
ment (such as at the interface of seismically independent structures), adequate flexibility shall be provided to
preclude the possibility of severing the cables in the raceway. Such flexibility can be achieved by providing a
gap in a cable tray and adequate slack in the cables or by providing a length of properly evaluated flexible
conduit for a conduit raceway. 

D.1.1.4 Protection of cable insulation 

The interior of cable tray systems shall not have sharp edges, burrs, or projections that could damage cable
insulation. All conduit cut ends shall be reamed or otherwise finished to remove sharp edges. Where a con-
duit enters a box or other fitting, a bushing or other protective feature shall be provided.

D.1.1.5 Cable fill 

Cable fill in a tray shall not exceed the level of the upper edge of the tray side rail, nor shall the fill exceed
IEEE Std 690-1984. Cables in cable trays with vertical or near-vertical drops of more than 3 m shall be
restrained by ties to the tray or other means at least every 3 m on center.

D.1.1.6 Applicability: range of seismic excitation level 

The horizontal zero period accelerations (ZPAh) of the in-structure RS at the locations of the anchorages of
the raceway supports shall not exceed 2.0 g.

D.1.2 Raceway support requirements 

Cable tray span shall not exceed the allowable support span for the NEMA class (see Section 3 of NEMA
VE 1-1998). In addition, the span shall be limited to the following two conditions:

— Cable tray span shall not exceed 3 m, and 

— DL bending moment, MDL, shall not exceed an allowable moment, Ma, where 

MDL = wl2 /10, w = cable load within tray-per-unit length, (DL only) and

Ma = min{MNEMA/2, MNEMA/2.5(ZPAh)}, MNEMA = the bending moment in a tray with the NEMA 
allowable span length loaded with the NEMA rated load.

Tray splice plates with their bolts shall have a capacity greater than or equal to the side rail strength for bend-
ing due to vertical loads. Connector bolt stress shall not exceed the allowable values specified in Chapter N
of AISI Cold-Formed Steel Design Manual-1996 [B3].

D.1.2.1 Conduit support locations 

Conduit span, lcnd , shall not exceed the following:

— Where the in-structure ZPAh is less than or equal to 0.8 g, 

lcnd < lNEC, where lNEC is the allowable span from the NEC

— Where the in-structure ZPAh exceeds 0.8 g,

lcnd < lNEC (0.8 / ZPAh )
1/2 
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D.1.2.2 Connectors

Cable tray and conduit shall be attached to supports using connector hardware provided by the manufacturer
for this purpose. The connector hardware shall have a minimum capacity equal to the tributary DL × 2.5 ×
ZPAh.

D.1.2.3 Support for fittings 

Supports for cable tray fittings shall be provided as follows:

— Horizontal elbows. Supports shall be placed on the straight runs within 60 cm of each fitting extrem-
ity and placed at the midpoint of the curve (see Figure D.1).   

— Horizontal tees. Supports shall be placed on the straight runs within 60 cm of the three tee openings
for tees with a 30 cm radius. For tees with a larger radius, the tee itself shall also be supported (see
Figure D.2).   

Figure D.1—Horizontal elbow supports

Figure D.2—Horizontal tee supports
24 Copyright © 2001 IEEE. All rights reserved.



IEEE
RACEWAY SYSTEMS FOR CLASS 1E CIRCUITS FOR NUCLEAR POWER GENERATING STATIONS Std 628-2001
— Horizontal crosses. Supports shall be placed on the straight runs within 60 cm of the four openings
for crosses with a 30 cm radius. For crosses with a larger radius, the cross itself shall also be
supported (see Figure D.3).   

— Horizontal wyes. Supports shall be placed on the straight runs within 60 cm of each fitting extremity
and placed at the midpoint of the arc of the side branch (see Figure D.4).   

Figure D.3—Horizontal cross supports

Figure D.4—Horizontal wye supports
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— Reducers. Supports shall be placed on the straight runs within 60 cm of each fitting extremity (see
Figure D.5 and Figure D.6).    

  

— Vertical elbows. Vertical cable tray elbows at the top of runs shall be supported at each end. Vertical
cable tray elbows at the bottom of runs shall be supported at the top of the elbow and supported on
the straight run within 60 cm of the lower extremity of the elbow (see Figure D.7).   

Figure D.5—Straight reducer supports

Figure D.6—Offset reducer supports

Figure D.7—Vertical elbow supports
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— Vertical tees. Vertical cable tray tees shall be supported on the straight runs within 60 cm of each fit-
ting extremity (see Figure D.8).   

— Vertical straight sections. The maximum distance between cable tray vertical supports as measured
along the tray shall not exceed 3 m.

— Sloping trays and conduits. Sloping trays shall be supported at intervals not exceeding the require-
ments for horizontal trays of the same design for the same installation.

— Fittings at end of run. A fitting at the end of a run shall have a support attached to it.

— Junction box, outlet box, cabinet, or fitting. Conduit shall be supported within 90 cm on each side of
each junction box, outlet box, cabinet, or fitting.

D.1.2.4 Support capacity

Figure D.9 illustrates the steps in the verification of support capacity.    

Figure D.8—Vertical tee supports

Figure D.9—Steps in the verification of support capacity
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D.1.2.4.1 DL check 

All raceway supports shall be designed to resist a minimum vertical load equal to the tributary DL carried by
the support and a concurrent LL of 115 kg14 acting at any point (at only one point at a time) within the sup-
port to account for various construction loads. All components (such as bracket members, support members,
member connections, conduit clamps, and support anchorage) shall be designed for this load combination.
All effects resulting from eccentricities (for example, load-to-anchor-point eccentricity) shall be considered.
The allowable loads and stresses are specified in Table D.1. 

D.1.2.4.2 Vertical 4 × ZPAh × DL and 3 × DL check 

All raceway supports, except floor-mounted raceway supports, shall be designed to resist a minimum vertical
load equal to three times the tributary DL carried by the support or four times the ZPAh (at the support loca-
tion) times the resulting tributary DL, whichever is greater. Eccentricities resulting in anchor prying and
eccentricities between vertical support members and anchor points shall, in general, be ignored. The allow-
able loads and stresses are specified in Table D.1.

D.1.2.4.3 Ductility check 

D.1.2.4.3.1 Ductile supports 

The preferred support type for a new installation is a trapeze support made of standard lightweight channel
strut members connected in a ductile manner with standard clip angles and channel nuts. Examples of duc-
tile lightweight strut connections are shown in Views A, B, C, and D in Figure D.10. Supports constructed of
welded steel structural members are ductile if the anchor point weld is stronger than the vertical member

14Units are given in the metric system. The weight given of 115 kg is approximately 250 lbs, which is the value specified in NEMA
VE 1-1998 for a concurrent LL acting at any point in the span of the cable tray.

Table D.1—Allowable loads and stresses

Load case Item Allowable

DL + LL Strut members and connector 
hardware

Manufacturer’s allowable loads

Structural steel, welds, and bolts AISC working stress allowable load 
or stress [B2] 

Vertical load max [3 × DL or 4 × 
ZPAh × DL] and transverse load 
max [2 g or 2.5 × ZPAh] 

Short members and connector load 
hardware

Manufacturer’s allowable loads 
(minimum factor of safety of 3)

Vertical load max [3 × DL or 4 × 
ZPAh × DL] and transverse load 
max [2 g or 2.5 × ZPAh] 

Structural steel, welds, and bolts AISC Section N allowable load or 
stress [B2]

All load cases Expansion anchor bolts Manufacturer’s allowable loads 
(minimum factor of safety of 5). 
Interaction: 
for V/Va < 0.3 P/Pa = 1.0
for 0.3 < V/Va < 1.0 
0.7 × P/Pa + V/Va = 1.0

Cast-in-place anchors Per ACI 349-97
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(see View E in Figure D.10). For light metal strut framing members, welded connections are likely to be
nonductile and thus not acceptable. Ceiling connection plates attached to concrete with expansion anchors
are nonductile unless the anchorage is stronger than the plastic flexural strength of the vertical support
member.   

D.1.2.4.3.2 Nonductile supports 

Nonductile support configurations are illustrated in Figure D.11. Diagonally braced supports and unbraced
rigid trapeze supports have the potential of significantly increasing the pullout loads on anchorage when the
support is subjected to horizontal motion. Braced supports and other nonductile supports require design for
lateral load capacity.

Figure D.10—Examples of ductile lightweight strut connections
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D.1.2.4.4 Lateral load check 

Potentially nonductile supports and supports with a transverse brace shall be designed for transverse support
capacity in addition to the vertical support capacity. Lateral load check does not apply to supports with duc-
tile lateral deformation capability or with rigid wall-mounted supports.

The support shall be designed for a transverse load at the location of each cable tray or conduit equal to the
tributary weight times 2.5 times the ZPAh of the floor RS at the anchor point of the support. DL shall be
applied concurrently with the transverse load.

D.1.2.4.5 System hard spots 

System hard spots are isolated short stiff supports in a system of more flexible supports. Because of their
stiffness, they attract large lateral or longitudinal loads; and their design involves considerations not required
for standard ductile supports. The concern is mainly associated with longitudinal motion. Cable tray or con-
duit systems with a long run of supports that are relatively flexible in the longitudinal direction may also
contain a support that is relatively stiff as shown in Figure D.12. The stiff support may be subjected to con-
siderable load from longitudinal movement of the cable tray or conduit run.

Figure D.11—Examples of potentially nonductile raceway support
connection details and configurations
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Such supports should be avoided wherever possible, even if adjustment of support locations to avoid hard
spots results in some tray spans being significantly less than the maximum allowable. If such supports
cannot be avoided, they shall be designed for lateral load in accordance with D.1.2.4.5 and the following
paragraph.

For system transverse (longitudinal) hard spots, the transverse (longitudinal) load shall be based on a tribu-
tary span extending to one-half the distance to the next transverse (longitudinal) hard spot. Alternatively, the
design of a hard spot support may be based on a localized study of the load distribution in the area of the
support. 

D.1.2.4.6 Floor-mounted supports 

Response characteristics of floor-mounted cantilever of unbraced frame supports are not favorable. In the
presence of any lateral deflection, gravity causes a destabilizing (P-∆) effect, whereas in a suspended
support, gravity introduces a restoring force toward a stable equilibrium. If use of a floor-mounted support
cannot be avoided, it shall be welded steel or bolted strut braced against loads in both horizontal directions.
The capacity shall be verified for the loads specified in D.1.2.4.1, D.1.2.4.2, and D.1.2.4.4. The horizontal
load of 2.5 times ZPAh shall be applied

— In the transverse direction, combined with the DL, and
— Nonconcurrently in the longitudinal direction, combined with the DL. 

D.1.2.5 Support anchorage 

Typically, cable tray and conduit supports are anchored to concrete using expansion anchors. Shell anchors
with lead, cast iron, or plastic inserts shall not be used. Allowable load values for expansion anchors shall be
taken as manufacturer’s average ultimate capacity divided by a factor of safety of 5.0. The manufacturer’s

Figure D.12—System hard spot
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provisions for installation, embedment, edge distance, spacing, and shear-tension interaction shall be
followed. Anchors shall be placed only in sound, uncracked concrete. (Hairline cracks less than 10 mils are
permissible.)

Allowable loads for cast-in-place headed studs shall be determined in accordance with the provisions of the
GIP [B4].

D.1.2.6 Clip angle fatigue 

Fatigue analysis shall be performed on the clip angle connectors used at the top of vertical strut members.
Clip angle fatigue is within acceptable limits if at the support’s first transverse natural frequency, the 10%
damped spectral ordinate of the in-structure acceleration RS is below the ordinate or the curve in
Figure D.13.    

D.2 Modification of existing installations 

Often cables are added to existing cable trays, or new cable trays or conduits are supported on existing
supports. In either case, the raceway review of Chapter 8 of the GIP [B4] is applicable contingent on the
licensing basis of the particular plant.

The raceway review consists of

— A plant walkdown of the raceways, which are evaluated against a set of walkdown guidelines (such
as caveats and inclusion rules), and

— A quantitative evaluation of a selection of bounding supports against a set of limited analytical
review guidelines. 

The portions of the raceway systems that do not pass these guidelines are classified as outliers and are
subject to further evaluation, as described in the GIP [B4], or modification. The personnel applying the
walkdown and limited analytical review guidelines shall meet the qualifications of a seismic review team as
defined in Section 2 of the GIP [B4].

Figure D.13—Clip angle fatigue spectrum
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