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PREFACE

Design Criteria BFN=50-714 represents the design basis for Browns Ferry
cloctrical conduit seismic qualification., Based upon physical tests
conducted by TVA (reference 6.7 and 6.8/, a greater level of understanding
exists as to the behavior of conduit housing electrical cables. Becausc of
this increased level of understanding and becausc the design basis is not
completely reflected in the as-built construction, the design basis is
veing updated to a more realistic approach.

This document is the revised design basis and provides:

I. A more realistic, test-founded, criteria for evaluating installations
which are in nonconformance to the originai criteria, BFN-50-7ls4,

2., A more definitive, implementable, and cost effective criteria for al!l
future installations.

Design Criteria BFN-50-714 has been retired and superseded by Design
Criteria BFN-50-723 aa of the date of this issue.

DEQ&;035303.04



SEISMICALLY QUALIFYING CONDUIT SUPPORTS BFN=50-721

ABBREVIATIONS

NBE - Operating Basis Earthquake - That earthguake which produces the
vibratory ground motion for which those features of the nuclear
power generating station, necessary for continucd operation
without undue risk to the health and safety of the public, are
designed to remain functional.

§SE - Safe Shutdown Carthquake - (Design Basis Earthquake - DBE - As
defined in FSAR) That earthquake which produces vibratory ground
motion for which those features of the nuclear power generating
station, necessary to shut Jdoi \ the reactor and maintain the
station in a safe condition without undue risk to the health and
safety of the public, are designed to remain functicnal.
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op { & [CALLY AUALIFYING CONDULT SUPPORTS BFN-50-72)

1.0 SCOPE
These criteria have been «stablished for design and spac ing of selsmic
catmory | vleetrical conduit support systems whiich are subject to

comb ined earthquake and deadweight losdings.

Congideration is given both to lateral and axial support of the
Cmduil.

Conduit sizes and material most commnly used are covered .,
2.0 DEFINITIONS
2,1 Axial Force

Force #cting parallel to the conduit longitudinal axis
(re ference figure 2.0-1).

2.2 Lateral Force

Force acting perpend icular to the conduit jongitudinal axis
{peference figure 2.0-2).

) 2.1 Morigontal Seismic Force

Force due to the horizontal seismic acceleration and is
independent of the conduit orientation. This can be either an
axial or lateral force on the conduit.

'
>

Vertical Seismic Force

Force due to the vertical seismic acceleration and 1s independent
of the conduit orientation, This carn be ¢ither an axial or
lateral force on the conduit.

2.5 Span

A conduit span is the distance, alung the conduit, measured
betwern any two ad jacent supports. The span may be of any

length up to and inc luding the maximum support spacings tabulated
in the attached appendices. Spans longer aan that given in the
append ices may be allowed if qualified by a rigorous analysis.

TVA 10838 (EN DES-7=T7) \
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SEISMICALLY OUALIFYING CONDUIT SUPPORTS BFN-50-723

1.0  ANALYTICAL BASIS

Support spans and losdinge given in Appendix A and B were genvrated by
the comservative assumption of & atraight rn of conduit restrained
from movement by equally spaced lateral supporta. The mdel conmiste
of faur horizontal contimiwus simply supported spana. The condiit
displacement, stress, and reactions under seismic plus deadw ight
loads were determined for an engineered range of lateral support

spac ings and conduit configurations which envelop standard vlhows,
tees, bends, and electrical boxes acting as supports.

A computer program was written using the above madel to obtain the
seismic response for the various conduit aizes, materials, and spans,
For a complete description of the computer program, sev reference 6.3,

Rigid conduit which interfaces vith equipment through the use of
flexible conduit attached to the free end of & cantilevered lenpth of
rigid conduit was analyzed as & special case. This condition was
qualified for a range of cantilever lengthe, spans, and conduit mizes
for aluminum conduit only, using the "GTSTRUDL" computer program
{reference 6,9),

Conduit dimensions and wizhts used in the anslysis are listed in
tahle 3.0=1, Cable wights are listed in teble 3.0-2.

Conduit stress and support loade are based on SSE responee specira for
the following locationst

Reac tor building < EL 664,00 ( € means "at or below™)
(main concrete) < EL 621.25
< EL %65.00

RPV shield vall < EL 622.83
< EL 3595.25

DG huilding < EL 595.00

For other category 1 buildings, use reactor building ¢levation 631.2%
load data., In addition, conduit stress and support loads are provided
for specific tvpes and sizes of conduit based on the following

spec tral damping datat

Conduit Type $ize Damping
Steel All S Percent®*
Aluminum 172Y - 1= /2" 15 Percent®
Alumimnum M- 10 Percent*
Aluminum " = " 7 Percent®

*Recent teste performed by TVA verify that these damping ratios arv
minimum values for the given conduit sizes (reference 6.7 and 6.8),

Note: Conduit rigidly attached to or supported from piping or
vibrating equipment is specifically excluded from the scope of
this criteria,

Tk 0838 (EN DES-T-TT)
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SLISMICALLY QUALIFYING CONDUIT SUPPORTS ] BFN-50-721

Deadweight plus earthquake stress for conduit is limited to & saxizum
of 1,0 8y (8 » yield stress). A stress intensification factor of
0.75 x 2.3 is used for threaded comnections to take into account the
lower strength of the conneciion which may occur anywhere in the
conduit. The allowable stress for conduit within the scope of this
criteria is as follows:

Mild Steel - AST™ A-72 or Similar

Sy * 25,000 psi 8,/(0.75 % 2.3) ® (4,493 psi

Aluminue = 6063~T]1 or Similar

Sy * 13,000 psi s,/(o.ws x 2.3) = 7,536 psi

The evaluatious performed to develop the data included in this
criteria are documented in referunce 6.4.

TABLE 3.0-1

DIMENSIONS AND WEIGHTS OF RICID coxpu1t!

Nominal Dimensions

Nowina. Outside Inside

Size, Diameter, Diameter, Weight, Pound/Foot

Inches Inches Inches luminue Stee.
172 0,840 0.622 0.298 0.85%0
34 1.050 0.824 0.398 1.130
1 1.315 1.049 0.589 1.680
I=1/2 1,900 1,610 0.95 2.7V
b 2.375 2.067 1.288 3.850
2«1/2 2.875 2. 469 2,047 $.7%0
3 3.500 3.068 2.680 7.580
“ 4.500 4,026 3.82] 1C.7%0
5 5..63 5.047 $.21% 14,620

The weight of cable in each conduit size considered is listed in
tdble 3.0'2-

‘In some instances, it may be necessary to substitute other grades of piping
for conduit., The design data given in the appendices for mild stee!l
conduit are valid for schedule 40 carbon steel or stainiess steel piping
provided the yield strength of the piping meterial is 25,000 1b/in¢ or
sreater, Also, the design data given in the appendices for aluminus
conduit are valid for aluminum piping provided the minimum yield strength
of the piping material is 9,000 1b/ind or greater. However, 13,000 18/ind
may be assumed for dynsmic design purposes, This recommendation is based
upon full-scale, full-section earthquake tests where stresses greatly

exceeding 13,000 10/in? vere observed with no visible damage or permancnt
Jdistortion,

Tva 10838 (EN DLS - 7=77)
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SEISMICALLY QUALIFYING CONDUIT SUFPORTS BFN-50-723

Electrical boxes, such as junction boxes, terminal boxes, and pull
boxes should be anchored to the building superstructure or other
appropriately rigid structure. However, at times, this may not be
practical, possible, or, for other reasons, may not have been
accomplished,

fyll-scale dynamic tests have been performed on single boxes mounted
on aluminum conduit. These tests demonstrate the principle and show
that, with this worst case and under controlled conditions, these
types of boxes may be line supported instead of supported from
external structure. The line mounting of electrical boxes is not
encouraged for new designs. However, for hardship design cases and
for evaluating as-built cases, line mounted boxcs may be accepted if
the following conditions are met:

. The boxes must be installed to good industrial practice.

2, Sufficient support must be provided on conduit segments on each
gide of the line mounted boxes to assure structural stability of
the system. The conduit to box attachment behaves as a pinned
connection.

3. For boxes with a eingle conduit in and a single conduit ount, the
conduit may be of any size, provided the total span docs not
exceed 10 feet,

4. For boxes with a single conduit in and a single conduit out, the
box must be of a size consistent with the one-conduit
application.

5. Demonstrated engineering judgments may be used to accept similarly
installed boxes containing multiple conduits.

6, Line mounted boxes are allowed for aluminum conduit spans of 10
feet or less, and 5 foot spans are allowed for steel conduit.

When these conditions are met, line mounted boxes, installed in any
attitude, are acceptable when installed in spans of conduit which do
not exceed 10 feet between the supports which define the span.

Tva 10835 (EN DES-7-7T7)
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SE1SMICALLY QUALIFYING CONDUIT SUPPORTS BFN~50-723

TABLE 3.0-2

CABLE WEIGHTS

Conduit Cable
Size Weight,
(Inch) (Pound/Foot)
1/2 0.156
3/4 0.260
1 0.517
1-1/2 0.873
2 1.460
2-1/2 3.120
3 5.190
4 5.690
5 8.360

TVA 10835 (EN DES~-T7-7T7)
., DE043035303.04
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SEISMICALLY OUALIFYINC CONDUIT SUPPORTS BFN-50-721

4.0 DESIGN CONSIDERATIONS
4.1 Su rts

Tahle 4.1=] provides allowable stress and load rating
requirements for support components. Support stiffness
requirements for support steel are satisfied if any of the
following is met:

Assume haseplates do not deflect and ensure that the maximum
support deflection under *maximum load (DW + EQ) is £1.33 x 1/16
inch at the load application point for each load component (Fg,
Fy, or F,) considered s:parately.

T

Account for baseplate flexibility and ensure that the max imim
support deflection under *maximum load (DW + EQ) is = 1.33 =
1/8 inch at the load application point for each load component
(Fys Fy. or Fz) considered separately.

-or=

The first natural frequency of the support (with the mass of the
supported conduit lumped at the support point) muist be = 20 hertz
for each support direction. This requirement may be satisfied by
limiting the support deflection under 1 "g" acceleration (with

the mass of the supported conduit lumped at the support point) to

a maximum of 0.026 inch in each suppurt directior.

Support stiffness must be evaluated for cantilevers and
other supports which are designed to carry load primarily
in bending. Struts, framed systems, or braced structures
which are designed such that members carry load primarily
in tension or compression are considered to be acceptable
rigid supports and no evaluation of support frequency or
deflection is required.

Support stiffness requirements are not applicable if the support will
withstand the peak of the response spectra loads.

*Ordinarily, the weight of the support need not be considered unless it
is estimated to be 50 percent or more of the supported wight,

TVA IRS3S (EN DES=-T7=7T7)
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in hardened concrete

Definitions

Bth edition.

Standard DS=C1.7.l (reference 6.2).

OBRE = Seismic lovad (OBE)

SSE = Seismic load (SSE)

Notes

separate those loads into two separate load cases {vertical

for determining the acceptability of load rated ¢ m onents.

for support designed for vertical loads only.

Qr I SM ICALLY QUALIFYINC CONDUIT SUPPORTS BFN-50-723
TABLE 4.1-1
TABLE OF MAXTMUM DESIGN LOADS AND ALLOWABLE
STR:SS FOR CONDUIT SUPPORT DESIGN
Type Support Maximum Load! Allowadble Stress-
Linear support oW + OBE 1.0 SAISC
Linear suppurt pw + SSE 1.33 SAISC
(not to exceed 0.9 $,)

Bolt anchor setl pWw + SSE SLDA

QAISC = The allowable stress defined in part I of the AISC specification,

SLDA = Service load design allowable as defined in TYA Civil Design

DW = Deadweight of conduit, cable, and structure wvhere applicadble.

1. For conduit supports vith two horizontal loads, i* is acceptable tv

luvad plus

one horizontal load for each case) for evaluation .f support stress ot

2, Designing to the above limits using SSE + DW load will ensure adegquate
design for all conditions, except that the OBE + DW load case guovemms i

TVA 10535 (EN DES-T7=77)
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SEISMICALLY QUALIFYING CONDUIT SUPPORTS BFN-50-721

4.2 Lateral Supports

Lateral supports are required to restrain the conduit in a
direction perpendicular to its longitudinal axis. The conduit
run may either be vertical or horizontal.

For a lateral support, both the vertical force and horizontal
force must be considered when the conduit run is horizontal;
however, only the horizontal forces need to be considered for
lateral load when the conduit run is vertical. Tables in
appendix A are from reference 6.4 and give results of the
computer analysis showing the maximum allowable lateral seismic
plus deadweight support span distances and corresponding conduit
reactions in the vertical and horizontal directions. The
horizontal and vertical reactions are for a single conduit run.
All conduit being supported must be included in the total support
load. When it is required to support various sizes of conduit
running parallel to each other, the maximum support spacing shall
be that for the smallest size.

The maximum seismic displacements must be considered when
establishing support spacings to assure that damage duc to
interferences will not result during a seismic event. In
locations where seismic movements could create an interfercuce,
the support spacing shall be evaluated for acceptance.

4.3 Axial Supports

Axial supports are required to restrain the conduit run in a
direction parallel to its longitudinal axis. 1t is preferred
that this support be along the conduit longitudinal axis instead
of through a support located around a bend; however, axial
support for a single span can be provided by placing a lateral
support within 5 nominal conduit diameters from the centecline of
the conduit run after the change in direction. Should it become
necessary to provide axial support for an axial run exceeding one
span length with a lateral support around a bend, the bending
stress in the conduit must be limited to 0.9 Sy,. The stress must
be calculated due to the weight of cable and conduit for the
length of the axial run with the acceleration equal to 1.0 times
the peak of the response spectra curve; or methods described in
5.0. Support loads are calculated in the same manner.

The maximum axial seismic load is determined by multiplying the
run length between axial supports by the vertical or horizontal
axial load factor given by the tables in the appendices. The
axial vertical seismic force applies to verticsl runs and the
axial horizontal seismic force applies to horizontal runs. Note
that clamps may be used for both lateral and axial supports.

TVvA 10835 (EN DES~T7=177)
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SETSMICALLY OUALIEYING CONDUIT SUPEORTS BEN-50-224

4.4 Cantilever Supports

Where rigid conduit interfaces with equipment or control pancls,
flexible conduit is preferred. The flexible conduit, when
installwl properly, will permit thermal growth and seismic
movements of the equipment and rigid conduit without damage to
the electrical conductors.

The cantilever support is defined as the first support adjacent
to the free end of a rigid conduit run. A cantilever support =a;
be either a lateral or an axial support as defined above.

The distance from the last rigid conduit support to the flex
conduit fitting is defined as the free end as Li. L2 is definez
as the rigid conduit span of the system approaching the free
end,

Where tue field conditions are such that the L2 spans differ. the
first span adjacent to the cantilever shall be used as the
controlling L2 value. This is justified since successive spans
away from the free end have diminishing influence on the free end
responses and because of conservatisms inherent in this

approach.

Rigid conduit frequencies, conduit stresses, support loads, and
dynamic free end deflections are shown in Appendix C,

The dynamic responses have been computed for a range of L1 and L2
lengths for all conduit sizes, in any orientation.

The responses shown in Appendix C have been computed accordiag to
the following:

1. The SSE response spectra for the refueling floor elevation
664 .0 has been used for all cases.

2., Seismic spectra loads are based on conduit damping ratios
given in Section 3.

3. The supports for the conduit system are assumed rigid;
however, the responses have been computed to envelope the
conditions where support flexibility exists.

F

The .responses have been computed for aluminum conduit
only.

5. The responses shown are the dynamic increment only and must
be combined with the static deadweight where spplicable.

The calculation package documenting these results are in reference
6.9.

TVA 10538 (EN DES=-7=77) =ll=- DEQ4;035303.Us
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4.5 Additional Support Design Considerations

1f conduit support systems are designed in accordance with this
criteria, dead load supports per reference 6.1 are not reyuired,
Evaluations of existing dead load supports may be made uring this
criteria.

#Where conduit terminates in a conduit box, cabinet, or panel,
the conduit and its attachments must be treated as a support.
The resulting seismic forces for the attachments are computed
exactly as a conduit support.

5.0 ALTERNATE QUALIFICATION METHODS

Conduit support systems may be evaluated by the response spectrum

modal analysis method using approved computer programs ov by test

or other justifiable means. The support stiffneas requiremenis of
section 4.l may be waived when support flexibility is included in

the analysis, For response spectra, see rcference 6.5 and 6.6,

Any as-installed conduit installation which cannot be directly
associated with the model, which section 1 through & of this
criteria is based on, is a candidate for qualification using the
Data Base Standard of appendix D, reference 6.11.

6.0 REFERENCES

"Installing Electrical Conduit Systems and Fabricated Conduit
Boxes," Ceneral Construction Specification No. G-3, Revised
May 15, 1973.

Civil Design Standard DS-C.l1.7.1, "General Anchorage to
Concrete."

EN DES Calculations Package B4i 860327 014, “"CONDUIT Computer
Program Documentation."

EN DES Calculations Package (B4l 860327 015) “BFN Conduit Support
Design."

Report CEB-85-46 RO, Addendum to the Report ¢n the Earthquake
Analysis of the Reactor Building - Floor Response Spectra
(B4) 851112 048).

CEB Report 80-37, Diesel Generator Building Earthquake Analysis
(CEB 800619 C J).

*Conduit boxes, cabinets, or panels are not to be considered as
terminal points as defined in paragraph E-3 of Construction
Specification G-3.

Tvh 10838 (EN DES=T7-7T7)
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6.7 "A Preliminary Study of Vibration Damping in Electrical Condui:
TVA Engineering Laboratory Report No. WR256-4-900-140
(B41 860327 002).

6.8 "An Experimental Tnvestigation of Vibration Damping In Aluminusz
Electrical Conduit," TVA Enginecring Laboratory Report No., WwR28-
4-900-176 (B&]1 860327 003).

6.9 EN DES Calculation Package (B4l 860327 021).

6.10 GTSTRUDL, Revision F, April 1983, GTICES Systems Laboratory,
School of Civil Engineering Georgia Institute of Technology,

Atlanta, Georgia 30332,

6.11 EN DES Calculations Package (B4l 860328 001),.

TVA 105385 (EN DES=7~77) =13~ DEO4;035303.0«
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SEISMICALLY QUALIFYING CONDUIT SUPPORTS BEN-50-723

LIST OF APPENDICES

Appendix A - Uninsulated Aluminum

Table Building Elevation
A2-1A, 2A, 3A Reactor 664,00
A2-1B, 2B, 3B Reactor 621.25
A2-1C, 2C, 3C Reactor 565.00
A2-1D, 2D, 3D RPV Shield Wall 622.83
A2-1E, 2E, 3E RPV Shield Wall 595.25
A2-4F DC Building 595.00

Appendix B = Uninsulated Steel

Table Building Elevation
S2-4A Reactor 664.00
S2-4B Reactor 621.25
§2-4C Reactor 565.00
§2-4D RPV Shield Wall 622.83
§2-4E RPV Shield Wall 595.25
S2-4F DC Building 595.00

Appendix C - Cantilever Supports - Reactor Building EL 664.00

Table Conduit Size
c-1 1/2

C-2 3/4

C=3 1

C-4 1=1/2
C-5 2

C=-6 2-1/2
c=7 3

c-8 4

c-9 5

TVa CEIS(EN DES=7=77) o lihs
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