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Z2a. Continued

Rescxiption of Changes
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2. Correztion of Prying Factors in Attachment 8.B.

3. Use of maximum a)lowables for air drops and flexible conduit lengths

in lieu of actual lengths.

Justification for Changes

: 8 No justification reguired.
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3. Backfit reguired, Review of issued designe reguired to determine
impact.
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RECORD OF REVISIONS
REVISION O:
Original issue,
REVISION 1:

Revision was made to provide a complete technical criteria for thi dclifn
validation of Unit 2 conduit systems. No revision bars are shown for clarity.
There is no impact on previous work and no backfit is required.

REVISION 2:

Revision was made to directly incorporate the technical criteria for the design
validation of Unit 2 conduit systems in one document rather than by rofcrancing
other criteria documents., Revision was also made to address the Pre-Engineere
Standard Dclifn (PESD) series of $2-0910 drawing and provide guidelines for the
preparation of conduit isometrics and drawings.

T?is is a major revision to this procedure. No revision bars will be shown for
claricy.

There is no impact on previous work and no backfit is required.
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COMANCHE PEAK ENGINEERING
CONDUIT AND CONDUIT SUPPORT DESICN
PURPOSZ

The purpose of this procedure {s to provide guidelines and criteria
to be used in the analysis and doslsn of the Unit 2, Class lE and/or
associated Class 1lE as well as Non- lass lE specified to be
seismically supported b‘ Specification CPES-E-2004 (all referred to
as Train A and B), and Non-Class 1E (referrved to as Train C),
conduit systems and supports at the Comanche Peak Steam Electric
Station.

This procedure implements the use of the referenced TU Electric Unit
1 documents for use by ABB Impell Civil/Structural Raceways Group.

The latest revision of all referenced documents i{s applicable in
ghcii entirety with the addition of any clarifications denoted
erein.

APPLICABILITY

The procedurs applies to all cn;in.ottn! activities for Unit 2
Trains A, B and C at CPSES with the following clarifications:

All Unit 2 condult systems ro?uirod to ;*gport Unit 1 operation, &s
specified in Project Techuica Reports -01 and PTR-02, are
excluded from the scope of this Procedure.

Unit 2 conduit systems in the Unit 1 and common areas (Unit 2
Recommended Scope) have already been qualified by Ebasco Services
under s separ.te contract with the ox:::tion of asgroxtnncoly eighty
conduits as listed in EBASCO letter number 2CECO- 32. For the Unit
2 Recommended Scope conduit systems, this procedure shall be
applicable to those activities in oup{ort of the installation of
modifications identified, the validation of those aforementioned
conduits, and any miscellaneous closure activities.

The project control and procedural interface requirements are
provided in Procedure 2IM-2.00,

The design documents generated under this procedure shall specify
the applicable revision of all reference documents as required by
the Impell QA manual procedure QP-3.1. In the event that any of the
reference documents have been or are in the future revised, the
Project Engineer or his designee shall review the revised reference
document for potential impact and backfit, if required, of the
approved/issusd design document.

The installation lg;ciftcatiun for conduits and condult supports are
CPES-E-2004 and CPES-§-2005.

REFERENCES
REFERENCE SPECIFICATION & DRAWINGS

The following sub sections list all the documents from which most of
the technical information ls derived and specified for this
document. Some of these documents,e.g. codes and standards, FSAR
sections, DBDs and USNRC Regulatory guides are governing documents.
Documents referenced in Miscellaneous Documents are mostly documents
used or grupqrod by TU Electric’'s contractors while they were
responsible for the design of the conduit system. Some specific
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{information contained in these miscellaneous documents may no longer
ve appiicable and therefore shall not be considered as conflicting
wvith this procedure.

$.0910 and $2-0910 are series of generic drawings for conduit
systems. S-0910 series drawings are apgllcnblo to Unit 1 and common
areas, while §2-0910 are applicable to Unit 2. 1In addition there
are $2-0910 PESD (Pre-Engineered Standard Design) drawings series
applicable to both Units. Within £-0910 or $2-0910 there are
various suffixes (e.g. LS or JA series) which form a group of
drawings pertaining to specific criteria. All these groups of
drawings give some specific design (pre-engineered and pre-

qualif od§ eriteria for conduit cpan configurations and their
support details. However, {f any component of condult systems do
not meet the generic criteria specified in these drawings, then
specific evaluations must be made, as described in this Procedure,
to determine their acceptability.

CODEE AND STANDARDS

The specific codes, standards and regulations identified below have
_ven used for establishing the design basis for conduit and conduit
support design.

APPLICABLE CODES

AISC smerican Institute of Steel Construction, 7th Edit‘on Including
Supplements Ne. 1, 2 and 3.

AIS] American Iron and Steel Institute, Cold-Formed Steel Design
Manual, 1968 Edition.

AWS D1.1-79 American Welding Society, Structural
Welding Code

AWS D1.3-81 American Welding Suciety, Structural
Welding Code

ACI - 318 - 71 American Concrete Institute, Building
Code hLequirements for Reinforced Concrete

ACI - 318 - 63 American Concrete institute, Building
Code Requirements for Reinforced Concrete

ANSI CBO.1 Undervriter Laboratory UL-6

WwW-C-581d Federal Specification

AWS A5.1 Class American Welding Soclety, Structural

E-70XX Welding Code

APPLICABLE USNRC REGULATORY GUIDES

Regulatory Cuide 1.29, Seismic Design Classification

February, 1976

Regulatory Guide 1.61, Dn.gtn; Values for Seismic Design of

October 1973 Nuclear Power Plants

Rogulatot{ Guide 1.89, OQualification of Class 1E Equipment for

February 1974 Nuclear Power Plants
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Regulatory Guide 1.92,
February 1976

NUREG 0800
July, 1981

TU ELECTEIC PROCEDURES AND
STA-302
2EP-5.08

2EP-2.04

2EP-5.17
ECE-3.26
ECS-5111
CQP-EL-122

CPES-$-2001
CPES-E-2004
CPES-$-2005
CPES-§-1032C
CPES-N-2032

2IM-5.02-CND
Revision 2
Page 8 of 238

PCN-01
Combining Modal Relﬁonnes and Spatial
Components in Seismic Response Analysis
Standard Review Plan for the Review of
Safety Analysis Reports of Nuclear Power
Plants
SPECIFICATIONS
Station Records

Procedure for Preparation, Approval a.?
Control of Project Calculations

Evnluatins Unit 1 Post Construction
Hardware Validation Program (PCHVP)
Results for Applicability to Unit 2

Reporting Attachment Loads Information
to Civil Engineering

Design Engineorlnf Organization
Statistical Sampling Plan

Train C Two Inch Diameter and Smaller
Conduit and Conduit Support Design

installation and Fabrication of Conduit
Raceway Systems

Structural Embedments
Electrical Installarion
Electrical Raceway Installation
Floor Response Spectra

Procurement and Installation of Fire
Barrier and Fireproofing Materials

LICENSING DOCUMENTS FOR COMANCHE PEAK STEAM ELECTRIC STATION
Einal Safety Analvsis Ceport (FSAR)

The following FSAR sections delineate the commitment pertaining to
electrical conduit raceways and the conduit supports:

&. Section 3.2, Classification of Structures, Components and

Svstems.

b. Section 3.7B, Seismic Desigu.

e, Section 3.8, Design of Category I Structures.

DESICN BASIS DOCUMENTS

DBD-CS-99 Conduit and Conduit Support Design Train A, B,
and Creater Than Two Inch Diameter Train C
Conduits

DBD-CS-19 Building and Secondary Wall Displacements

DBD-CS-15 The Qualification of Embedments In Concrete
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DBD-CS-81 General Structural Design Crat-~:

DBD-CS5-92 Seismic Design Parameters and Response Spectra
Cenerations

DBD-CS-93 Seismic Adegu&cy of Train C conduits (2"
Diameter and less)

DBD-CS-111 Conduit and Conduit Support Design

DRAWINGS

$2-0910 Generic Supports Drawing Series for Umit 2
(includes individual sheets as listed on $§2-0910
Sh. TC-1 Table of Contents and Sh. PESD-1-A
Table of Contents).

§-0910 Generic Supports Drawing Series for Unit 1
(includes individual sheets as listed on §-0910
and Sh., TC-1 Table of Contents)

2323-5-0786 Reinforced Concrete Typical Details and
Additional Miscellaneous Details Drawing

2323-E1-1800 Materials List

MISCELLANEOUS DOCUMENTS

SAG.CP10, Ebasco Design Criteria for Seismic Category 1 Electrical
Conduit System

SAG.CP12, Ebasco Design Criteria for Junction Boxes for Seismic
Category I Electrical Conduit Systems - Unit 2

SAG.CPl7, Ebasco Design Criteria For Junction Boxes For Seismic
Category 1 electrical Conduit System

SAG.CP20. Ebasco Technical Guidelines For System Analysis of Conduit
Span Configurations

SAC.CP21, Ebasco Technical Guidelines For Thermal Analysis of
Seismic Category I Electrical Conduit Systea

SAG.CP25, Ebasco Technical Guidelines For Seismic Category 1
Electrical Conduit Isometric Validation

SAG.CP29, Ebasco Ceneral Instructions For Design Verification of
Electrical Conduit and Box Supports

SAG.CP15, Ebasco Procedure For Conduit Isometric Design Validation
Package Close-Out

SAGC.CP2, Ebasco Design Criteria for Seismic Category 1 Electrical
Conduit System - Unit 2

CP-SG.02, Ebasco Technical Guidelines for Seismic Category 1
Electrical Conduit System - Unit 2

CPE-EB-FVM-CS-002, Design Control of Electrical Conduit Raceways

CPE-EB-FVM-CS5-014, Dcsian Control of Electrical Conduit Raceways for
Unit 2 Installation in Unit 1 and Common Areas
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CPE-EB-FVM-CS$-033, Dolisn Control of Electrical conduit Raceways For
Unit 1 Installation In Unit 1 and Common Areas

CPE-EB-FVM-CS8-056, Dolifn Control of Modifications to Electrical
Conduit Sysztem in Unit 1 and common Areas

Ebesco Program 2616, User’'s Manual for Preprocessor of ANSYS Program
for Base Plate Analysis, May 1981

Ebasco Calculation Book No. 8 entitled *Electrical Conduit and Box
Supports (Support and Span Verification Procedure)"

2-EAP-003, Engineering Assessment Procedure, Unit 2 Conduit
Commoditlies

2-EAP-022, Evaluation of Seismic Category 1 and 11 Concrete
Embedments and Embedment Plates

QA Manual, ABB Impell Quality Assurance Manual, Revision 18

CCL Report No. A-699-85, Conduit Clamp Test Report, Phase 1, dated
12/17/85

Cg% :zport No. A-702-86, Conduit Clamp Test Report, Phase II, dated
&/7/

CCL Report No. A-678-85, Seismic Qualification Test Report of
Conduit Support systems, V.lumes I and II, dated 10/9/85

Anchor Bolt Shear and Tension Stiffness by Teled Engineerin
Services, May 25, 1979 d ki .

Ebasco Interoffice Memo JPP-86-299, dated November 7, 1986

ABR IMPELL Corp. Calculation No. M-27 Rev. 2, dated 5/5/87, entitled
*Thermal Load Evaluation®

Ebasco Calculation Book No. 151, Rev. 1, dated 5/15/87, entitled
*Conduit Concrete Embedment Requirement at Penetration®

(Sh 9 of 33)

Ebasco Calculation Book No. Supt-0235

TRW (Nelson Stud Welding DIV.) letter from H.A. Chambers %o H.§. Yu
of Ebasco Services dated 5/20/87

Hilti{ Fastening System, Inc., File No. H2189-51, Report No, 8784
dated 1/30/74

Ebasco Calculation Book No Span 1200, Rev. 0, datad 10/11/87,
entitled *Ceneric Study on Revised Clamp Allowable®

Geneval Engineering Catalog No. 10, Unistrut Building System, 1983
Framing Channel and Pipe Hangers, Superstrut Inc., 1974
Nelson Standard In-Stock Stud Catalog TRW Nelson Division, 1985

Test Report #C-36-A, 'Pigc or Condu’t Clamps P-2558", Unistrut
Corporation dated 5/13/7

Ebasco Interoffice Memo SACTUG 1.9818 dated December 15, 1987
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PCN.01
Ebasco Calculation Books Span-1002 and Span-1003, "Seismic Spectrum
Loasiing Data Base - 2% and 3%, 4% and 7% Damping"

Ebasco Documentation CP-JB-20, "Grouping of Electrical Seismic
Category I Junction Boxes"

Ebasco Documeutation CP-JB-21, "Enveloping of Seismic Desi
Spectra” for Electrical Seismic Category I Junction box Analysis

PD STRUDL Users Manual.

Ebasco Documentation CP-JB-27, "Documentation of STRUDL Iuput
Parameters”., for Seismic Design of Electrical Seismic Category I
Junction Box Analysis

2IM-2.00, Civil/Structural Project Control and Procedure Interface
Instructions

Electrical Conductor Seal Assemblies (ECSAs), Specification No. EC-
28 (IMT-2445, Dated July 9, 1987 from lmpell Corporation to R.
Iozti, Ebasco)

Ebasco Calculation Book No, Supt-0040

Ebasco Calculation Book No. Supt-0231

Ebasco Calculation Book No. EB-CSC-2X-08

Ebasco Calculation Book No. AS-006

Ebasco Calculation Book No. Span-0003

Ebasco Calculation Book No. Span-1012

Ebasco Calculation Book No. Span-1206

Assessment of Conduit Clamps Installed with A-307 bolts, CPSES, By
Ebasco Service Inc., May 16, 1989

PTR-01, Unit 2 Support for Unit 1 Electrical/Controls
PTR-02, Unit 2 Required to Support Unit 1

2CEC0-0132, Ebasco letter from George H. Krauss to J. Nandi, dated
July 19, 1989, "Unit 2 Recommended Conduit Scope”

ATP-87-01, TU QA Audit Report
ATP-88-112, TU QA Audit Report

ABE Impell Calculation No. 0218-C0-0008
ABB Impell Calculation No. 0218-C0-0007
ABB Impell Calculation No. 0218-C0-0026
DEFINITIONS

Generic Support

A generic support is a support which conforms to typical details
given in Drawing Series No. $2-0910 or Drawing Series No. 5-0910.
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Hedified Support

A modified lquott is a support which has minor deviations from
typical details 8£v¢n in Drawing Series No. $2-0910 or Drawing
Series No. §-0910.

Individually Enginsered (*IN®) SUPpOKS

An individually engineered (IN) support does not conform to typlcal
details given in Drawing Series No. §2-0910 or Drawing Series No.
$-0910 and is analyzed on a case-by-case basis. It is an unique
support designed for specific location and conditions.

P-Relta STRUDL

A finite element structural analysis program which analyzes
structures and determines member stresses, and performs code
compliance checks.

180

Three dimensional isometric drawing of a conduit run showing various
pertinent features of the system. Common supports (those which
restrain two or more conduits) will be shown on mere than one 180,
One 1SO will be designated the "primary" IS0 drawing. The primary
150 will document the qualification of the common ougYOtt
connldnrin’ all attached conduit. Remaining ISOs will be designated
*secondary® 150s.

Condult Dra. .8
A draving in a tabular form which specifies all the re uired

inspection attributes including the conduit size, originm,
destination, configuration and condult supports.

ek
Conduit fitting used to provide a pull point at & 90¢ bend.

BC
Conduit fitting used toe provide a pull point within a straight span.

New Concreate Esbedment

A concrete embedment on a conduit or junction box suppert {nstalled
post August 31, 1987,

Exiating Concxets Eabedment

A concrste embedment on a conduit or junction box support installed
on or prior to August 31, 1997.
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RESPONSIBILITIES
Civil/Structural Project LngineeX

Responsibie for ensuring that personns! assigned to the conduit
proiect comply with this procedure Re erence to the Unit 2
Civlil/Structural Project Engineer 1is equivelent to the ABB Impell
Project Manager

Recevays Leed Riscipline knglucel
Responsible for the fmplementation of this procedure Reference to

the Unic 2 Raceway: Lead Discipline Engineer (LDE) is equivalent to
the ABB Impel’ Taceways Project Engineer

Lngioeers and Lead Engineers

Engineers and Lead Engineers are responsible for conformance with
this procedure

Engineers shall perform calculations and prepare drawings in
accordance with Procedure 2IM-2.00.

INSTRUCTIONS
TRAZN A AND B CONDUITS

Train A and B conduit raceways carry electrical cables essential to
the safe shutdown of the plant. Therefore the racewvays and
associated junction Loxes and supports must be capable of
withstanding the postulated loads without impairing their

performance requirements. Train A and B conduit general design
eriteria is included in Design Basis Dccument DBD-CS 290,

Compliance with the performance requirements of trains A and B
conduit systems is accomplished by verifying the structural
{ntegrity of the conduit system due to the combined dead welight,
thermal loads, wind loads, tornado loads and seismic loads All
supports are multidirectional, designed to resist the seismic or
vind induced load in three directions. The analytical procedure
described hareafter is used to determine loads and structural member
stresses. The resulting loads and stresses are then comparad to

sllovables as defined by hardware manufacturers or by applicable
codes.

Hand calculations and engineering evaluations may be performed for
the design validation of Train A and B conduit systems that do not
meet the requirements of Drawings 52-0910 or $-0910.

EVALUATION OF CONDUIT SYSTEM

All Components of s condult systea need individual evaluation for
their adequacy. All these components can be evaluated by comparison
vith generi: details/criteria given in §2-0910 & $-0910 series
drawings. In the instances vhen actual valuss exceed the criteria
stipulated in $2-0910 or 5-0910 series dravwings, this seztion
provides a methodology to re-evaluate thess components.
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PCN-01
Resign Of The Conduit System

Condui: racevay system consists of specific components like clamps,
conduit spans, conduit supports, junction boxes and junction box
supports. These components need to be designed to their specific
derign criteria and then, as a system, meet all the functional and
t.chnical criteria, stated in this procedure.

Evaluation Of Conduit Span

The span evaluation process consists of selecting a generic LS-
Series Drawing No. §-0910 (for Unit 1) anc LS Series or PESD Series
drawings from drawing No. $2-0610 (for Unit 2) that shows a
configuration similar to the span being evaluated, and comparing
actual spans with allowable spans given in the LS-Series Drawings.

Whenever a conduit changes direction and terminates in an air drop
or flex conduit with no support provided between the bend and the
air drop and a coupling is present before the conduit bends, the
unsupported portion of the conduit unyrglnco a torsional moment at
the couplinﬁ durlnt a seismic event, e inability of the coupling
to resist the torsional moment could result {in excessive motions at
the free end of the conduit. Motions in these free end
configurations would then be resisted by the cables. Neither the
cables nor the terminations have been npoclficallz designed for the
loads imposed by such motions. Therefore, in such cases, additional
supports or modification to the existing supports are needed to
compensate for the conduit overhang.

Unit 2 conduits bridging across secondary and primary walls shall be
evaluated in a fashion similar to the evaluation performed for Unit

1 conduits in EBASCO Calculation SPAN-0003. Unit 1 lessons lea ned

shall be utilized to the extent possible.

Selection Of Conduit Span Configuration

The following shall be considered in the selection of conduit span
configuration:

a. A bend less than or equal to 15° may be treated as a straight
span,

b. Spans associated with T-condulet fittings shall be treated the
same as spans associated with LBD fitcings.

c. For $-0910 conduit systems, use allowable spans with BC
fittings for the allowable spans with unions.

3 CPES-E-2004 shall be used.
0 the maximum is us
in drawing 52-0910 Sh, .

Comparison Of Actual To Allowables Spans

The following shall be considered in the comparison of actual to
allowable conduit spans:

a. Span tolerance of +/-3" need not be considered for evaluating
spans, supports loads and/or conduit frequency,

b. For LS series drawings, bends shown for conduit runs are
scben&tic Qply (unless otherwise noted); bends may vary from
15° + to 90



§.3:3.3

2IM-5.02-CND
Revision 2
Page 1% of 238

PCN-01
. The maximum spacing between supports shall not exceed the §l
maximum dimension shown on sheet LS-2 series of Drawing No. S2-
0910 and sheet LS-5 series of Drawing No. §-0910 for nugportn
installed ir accordance with drawings $2-0510 and §-091
respectively.

d. For multiple conduit runs of different diameters on common
supports, the conduit(s) with the most stringent criteria shall
govern the spans and shall be compared accordingly.

e. The minimum number of supports on a run of conduit which enters
or exits a supported or un:upgorted junction box, shall be in
accordance wltg Drawing No. $2-0910 or Drawing No. §-0910.

f. Use the minimum allowable span length among all elevations for
conduit runs which may be supported at more than one elevation.

8. If as-built span configuration deviates or exceeds allowable,
custom evaluation shall be made per Section 6.1.9 of this
procedure or IS0 can be conservatively evaluated using 1.5 x
Peak "g".

Evaluation of Existing Conduits

Existing conduits are those issued for construction during or prior
to 1987, Existing Train A and B conduits with completed
calculations were issued prior to termination of Unit 2 work in
1987. Since then, all the efforts were »ut on the completion of
Unit 1 work., During this effort, issues and concerns came up
through external and internal audits as well as other activities.
These issues and concerns were resolved for Unit 1 conduits but not
for Unit 2 completed calculations. A review of licensing documents
({.e., SDARs, CARs. CDFs, etc.), TAP audits (ATP-87-01 & ATP-88.
112), Project Status Report (PSR), Unit 1 procedures, Unit 2
procedures and Unit 1 lessons learned has been performed. As a
result of this review, a checklist of all the items with a potential
impact on the existing calculations was generated and is included in
Attachment 8.L. These completed calculations shall be design
validated by using any or a combination of the approaches presented
in Section 6.3 of this procedure. A suggested design validation
flow chart {s included in Figure 7.40.

i Soadih L SR

ke o

For the population of existing Unit 2 Train A and B conduits with
incomplete calculations, a suggested design validation flow chart is
shown in Figure 7 .41. This apgtoach is based on a screening and/or
a sampling process. The guidelines presented in Section 6.3 of this
procedure shall be followed to the extent possible.

A review of Unit 2 outscandins audits ATP-87-01 and ATP-88-112
indicates that there are walkdown discrepancies between some Unit 2
drawings and as-built conditions. This issue shall be investigated
and evaluated {f deemed necessary. Evaluation shall be done in
accordance with the soplicable requirements of Section 6.0 of this
procedure.

Existing Unit 2 conduit system in Unit 2 areas have been installed
per the $2-0910 series drawing. Existing Unit 2 conduit szsteua in
the Unit 1 and common areas have been installed per the $-0910
series of drawings.
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Deaign of New/Modified Conduit JSystems

New Train A and B conduit systems shall, in general, be routed per
the $2-0910 PESD series of drawings. The PESD s-ries drawings are
based on the criteria provided in this procedur:. A conduit
drawing, as shown in Figure 7.42, shall be prepared for the conduit
systems routed per the PESD series drawings. vneral guidelines to
prepare the drawings are included in Attachment *.K. f required,
the §-0910 and $2-0910 series drawings may also be used to route new
conduits. In this case, an isometric drawing shall be prepared per
the general guidelines gtovidod in Attachment 8.J. Exceptions may
be justified on a case-bDy-case basis.

When an existing conduit run is reworked (e.g. partially rerouted,
or support nodiilod). it snhould be dosigncd using the design series
drawings ($-0910 or $2-0910) used for the initial routing or
completely gunliftod using the PESD series drawings. Exceptions m.y
be justified on a case-by-case basis.

CALCULATION OF CONDUIT LOADS (Ly AND Lg)

Conduis Loads

a. The determination of Conduit Loads, Lb and Ly for all the
su Bor:a shall be per "LS" series of Drawing No. $2-0%10 or S-
0910. If conduit confi’uracion i{s not contained in LS series
of $2-090 drawings but {s ~overed by LS-series dwg of 5-0910
then the equations to compute L, & from drawving $-C 10 (and
vice-versa) can be used.

b. For double bend configurations, the calculated ani loads
shall not be less than the contributery weight of 1/2 the span
plus all fictings in the entire span.

< When L, & L, cannot be determined from standard span
configurations shown on $-0910 or $2-0910, Iy & Ly shall be
taken as sum of half the span of conduir on either side of the
referenced support and further anslyzed by equivalent static
method to determine the load on ths suppoit.

d. The conduit loads for the first two supports from the nupgor:ed
g:nctton box shall be calculated by considering the condult
tween the junction box and the adjacent support as an
overhang. {s method does not account for the junction box
stiffness. This results in conservative loads on the two
adjacent supports. For an unsupported junction box, the waight
of junction box shtall be lumped at the end of the overhang.

There are some cases vhere the conduit going into the junction
box is supported b{ ove or two supports. In these cases, the
conduit system shall be evaluated as follows:

SUptott loads shall be conaervatively hand calculated
by ignoring the junction box stiffress. The total
conduit loads (including voithtt for compornents such
as flexible conduit and fittings) shall be lusped at
each support. Otharwise, system anslysis shell be
performed.
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2, Conduit spans shall be evalu.ted by considering the
in-plane stiffness of the jun:tion box plate. This
means that the junction box slall be treated as a
restraint in the lateral direci.‘ons of the conduit.
Conduit spans shall be compared t. the conduit span
allowables ﬁrosented in Drawings $2-0910 or §-0910.
Otherwise, hand or computer calculatisns shall be
perforned.

e. The term L,,, used in the formula for a support
represents the conduit load from the adjacent span to the
support being evaluated.

g Conduit load imposed on a supported junction box is equal
to half the span to the first support times the weight of
conduit(s) entering the box.

& The wind load effects on conduit systems located outside
of the buildings have been generically evaluated in
Calculation Book Span-1206 and it concluded that all
generic conduit, conduit supports and junction boxes are
adequate. The effect of the tornado and tornado related
loads on conduit systems located outside of the buildings
shall be evaluated on a case by case basis as required,
See Section 6.1.10.1,

h. Alr drop and flexibla conduit le:
Bection 6.1.1.2.1(d) shall ba'aw

Additional Condulr Weight Considerations

In addition to the weight of conduit and cables the followin

additional vclthc due to the items given below shall be constdcrod
in the evaluation of I, & L,.

Firewrap (Thermoblanket)

Firewrap (thermoblanket) may be serving the function of separation
barrier and/or radiation energy shield for the conduits (see
Specification CPES-M-2032).

For thermoblanket, the dry weight only shall be considered in load
combinations having OBE or SSE effects. The wet weight shall be
considered for dead load without OBE and SSE effects.

For unit weight of thermoblanket, refer to Specification qggggaa
These unit weights do not include the conduit and cable
we ts.

If the exact dimensions on the extent of firewrs; coverage are not

* extend the firewrap to the adjs.ent supgort on either end
o revrap shown. If airdrop is partially or fully covered with
firewrap, use 4’ - 6" length to determine the firewrap weights.

conduit run covered by firewrap shall be evaluated to sccount

2
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Thermolag

Thermolag may be serving the function of separation barrier and/or
radiation energy shield for the conduit.

a. ;ggzunit weight of thermolag refer to specification CPES-M-

b. 1f the exact dimensions on the extent of thermolag coverage are
not svailable extend the thornola, to the adjacent support on
either end of thermolag shown. If airdrop is partially or
fully covered with thermolag, use 4’ - 6" length to determine
the thermolag weight.

Any conduit run covered by thermolag shall be evaluated to account
for the additional welght.

ECSA Evaluation

Electrical Conductor Seal Assembly (ECSA) is mounted on the conduit
system to grotect the cables from the environment. ECSA itself is
qualified by Specification No. EC-28, The peak "g" values used for
the qualification of ECSAs and the component weights for ECSAs are
given in Figure 7.25.

Bisco Seal Evaluation

A bisco seal is a "foam rubber type" fireproof substance. It is
used to fill a block out in a concrete slab or wall.

The conduit i{s not supported by the bls o seal and the bisco ~»al
does not contribute any load to the conauit.

Load Factors
a. The load factors for various conflgutation:. buildings and
elevations are listed in Figure 7.38., NOTE: The load factors

listed in Figure 7.38 apply to supports installed to the
requirements of $-0910 drawing series. Load factors for
supports installed to the requirements of §2-0910 drawing
series are not required per Calculation 0218-C0-0006 Unless
RSM analysis is performe Kot Section 6.1. or conditions
described below are met, these load factors shall be used to
multiply the conduit loads (L, and L,) obtained in Section
6.1.2 to design verify the adequacy of the conduit support

b Under the following condition, the Load Factor need not be
applied:

If the conduit system which includes conduit, and conduit
supports and junction box supports, {s designed by the seismic
accelcration of 1.5 times the peak "g" values, from response
spectrum curves.
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. 6.1.3 CLAMP EVALUATION

Conduit clamps shall be design validated for dead load plus SSE
loads based on the conduit safety class, clamp type, bolt or
stud size and the material of the fasteners used in clamp.

(1) Irains A and B Conduit Systems

]

The following equations shall be satisfied for all
clamp connection details except when A-307 or
unidentifiable bolts are used in clamp or when 3/8" @
Nelson studs are used with C-708-S clamps:

fos 10

y.<1.0
Ve

L. .£1.0
La

where:

T,V,L, == Calculated clamp loads in the transverse,
vertical and longitudinal directions.

Ta, Va, lL.a == Clamp allowable loads in the
transverse, vartical and longitudinal directions.

Dead weight shall be added by absolute sum to the
nggroptiato seismic load direction. The clamp
allowvable given in Figures 7.1.1 thru 7.1.10 are for
both OBE and SSE load conditions based on test
results. The L direction is parallel to the conduit
longitudinal axis. For the definition of V& T
direction, see Figure 7.2.

The folloving equation shall be satisfied for C-708-5
clamp with 3/8" @ Nelson studs or UNISTRUT bolts:

Ev[ETRMw o
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where D == Dead weight of conduit at clamp

D,~ The allowable clamp load in the direction of
daad weight of conduit which is either L,, T, or
v

o

L, T, V e= Conduit seismic loads in the
longitudinal, transverse and vertical
directions.

Ly, T,, V, == Clamp Allowables in the longitudinal,
transverse and vertical directions.

Th: céunp allowables L,, T,, V, are given in Figures 7.1.1 thru
7.1.10.

0 When cl s are used with A-307 or
unidentifiable bolts, the clamp axial allowables
shall be reduced to the percentage given below:

1) 33% of full eaxial allowable for ./4" ¢ bolts
25 37% of full axial allcwable for 3/8" ¢ bolts
1) 608 of full axial allowable for 1/2" ¢ bolts

Clamps shall be evaluated in accordance with Part "a" using the
calculated L‘ and L, and appropriate "g" values. The
appropriate “g" values are defined as follows:

: In the vertical direction (dead load direction),
appropriate "g" value = 1 + g,

- F In the other directions, appropriate "g" value = g,

The is the maximum "g" value of three component "g" values
obtained from the desi 'g' value table specified in Figures
7.3.1 through 7.3.7. f the conduit system ls analyzed by RSM
analysis, and the orientations of concuit and supports are
known, "g" values can be obtained dirsccrly from RSM anaiysis in
each appropriate direction. Also, for conduit systems
valldated by the seismic acceleration of 1.5 times the peak "g"

values, the 1.5 peak "g* values from each appropriate direction
can be used.

Figures 7.4.1 and 7.4.2 specify the size of studs and bolts to
be used in conjunction with the cl allowables. 1f clamp is
not adequate, replace clamp by one with a higher capacity.

Clamps in secondary I1SC shall not be svaluated in secondary IS0
calculation package. These clamps shall be evaluated during
the design validation of common lugpotco and included in the
primary IS0 calculation package. n secondary ISO calculation
package, reference shall be made to the ;rimary 1S0 calculation
package for clamp evaluation. When & new conduit system is
d.slgnod in sccordance with the requirements of PESD series of
§2-0910 drawings, clamps shall be evaluated along with the
conduit evaluation whether it is primary or secondary.

Clamp allowables using Unistrut bolts are applicable to c'amps
with Unistrut type member.

Clamp allowables using Hiltl bolts are applicable to beth HKB
and HSKB.
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£, Clamp allowables using Nelson studs are also applicable to
clamps with A3?5 and/or ALLS bolts.

SUEZCRT EVALUATION

For "IN", modified and generic conduit support, the following
Krocodutc per SAG.CP29 Section 6.1 shall be used to evaluate bolt
ole edge distance and bolt stresses, and to account for the
oversized bolt hole effects.

a. Bolt Hole Edge Distance

For connections with more than two (2) bolts, the oversized
bolt hole effect need not be cousidered {f the “"As-Bullt"
dimensions from center of bolts to free edges (edge distance)
weet the edge distance requirement specified in Table 1.16.5 of
the AISC Specification (7th Edition).

For two (2) bolt connections, the worst edge distances to free
;d;:n of structural membar or plate shall be computed us
0LlOwWS:

d, = d - e

where: d, = Worst Edge Distance (From centerline of bolt to
nearest free edge)

4 = "As-Built® Edge Distance (Froo centerline of
bolt to nearest free edge)

e = Permissible Bolt Hole Oversize Based on
Statistical Evaluation are shown below. (Bolt
Hole Dia - Bolt Dia)

The minimum d, shall be considered in the design validation of

supporet,
BOLT DIAMETER BOLT HOLE OVERSIZE (e)
LINCH) LINGE).
/8 /16
1/2 3/16
5/8 1/8
3/64 3/1é
1 3/8
11/4 3/8
112 3/8

1f calculated 41 {s equal to or greater than the aini<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>