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1.0 EXECUTIVE SUMMARY

Dynamic test programs conducted throughout the industry have
demonstrated that Cable Tray Support Systems exhibit significant seismic
capacity. These dynamic studies have enabled Lhe Seabrook Project to pursue a
test based qualification program. The program is based upon plant-specific
t.‘tl to justify the seismic qualification of the existing Seabrook cable tray
support configurations in their present state of completion. In the absence
of this test based qualification program, s substantial amount of seismic
bracing, snd hardware improvements would be necessary to complete the original
design concept.

Cable tray support performance and behavior for typical Seabrook
systems details and materials were evaluated in the laboratory during the
initial phase of this program. This included full scale dynamic testing on
representative support and tray configurations at high levels of seismic
input. These proof and fragility tests were fundamentul to the development of
# revised snalytical approach for the Seabrook cable tray support
qualification.

The testing program demonstrates that the typical Cable Tray Systems
exhibit substantial seismic capacity. The testing results have shown:
(1) existing connections exhibit substantial rotational resistance and (2) the
Cable Tray Systems exhibit highly damped response. The test data has been
used to develop en analytical approsch based upon actual and pre ‘ictable

system behavior.

The final phase of the program couples this technology with the
Seabrook installation by performing an individual wupport seismic evaluation
and component interaction review. This phase of the program provides the
final documentation for the cable tray support qualification.

It is concluded, therefore, that implementation of this program
fulfills project commitments for the qualification of the existing Seabrook
cable tray support installation.



2.0 PROGRAM OBJECTIVES AND SCOPE
2.1 Background

Seismic qualification of cable tray supports in certain Seismic
Category I buildings is to be completed by utilizing dynamic testing and
-{lyuul methods to refine the existing project analytical methods. The
decision to redirect the Seabrook cable tray qualification was influenced by
the following factors:

© Past shake table testing of Cable Tray Support Systems have shown
that Cable Tray Systems exhibit inherent seismis capacity with
varying amounts of seismic bracing.

0 Existing project analysis modeling methods of Cable Tray Systems
could be refined to be more reflective of actual system behavior.

© Dynamic testing is an sccepted seismic qualification method by the
USNRC Standard Review Plan (Section 3.10).

2.2 Objective

The objective of the refined qualification program is to produce and
implement a methodology which will optimize the project's use of available
resources while meeting appropriate acceptance criteria and margins.

2.3 Scope

Seismic qualification of cable tray supports by dynamic
testing/analytical methods will pertain to supports located in seven of a
total of eleven Seismic Category I buildings which still require final
documentation of their qualification. In the remaini: g four Seismic Category
I bulldings, the design, installation and final documentation of cable tray
supports based on the original design concept is completn. Pigure 2.1 and the
lists below identify the bulldings with applicable selsmic qualification

programs .



Buildings Utilizing Refined Program

Control Building

l-?m Containment Building

Primary Auxilisry Building
Containment Bnclosure Ventilation Area
RHR Spray Equipment Vault

Steam and Feedwater Pipe Chase (Kast)
Blectrical Tunnels Trains A and B

Completed Buildings

Service Water Pumohouse
Cooling Tower (Unit 1 Side)
Diesel Generator Buildinrg
Fuel Storage Building




Turbine

Building

Admingstrat on

Bui ‘JU\,'

Lontral -
Wais 1l ine
(not completed)

Service Water

Pusphouse
(completed)

Steam § Feedwater
Pipe Chase (East) (pot completed)

Reactor Containment Building
(not completed)

Fuel Storage
Building (compieted)

Containment [nclosure

Ventilation Area

(not completed)
Primary Auxiliary Building

(not completed)

RHR Spray Lquipment

Vault (not completed)
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GeNCTatng
Building
’\.t‘ﬂpl&'(\.'d )

===

|

Cooling Tower gt
(Unit 1)
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Implementation of the qualification program will be performed on an
individual support basis. A review of all supports is planned using
as-constructed drawings and walkdown results. Individual support
qualification will be accomplished by implementation of one of the following
thibo (3) methods: (a) testing, (b) snalysis or (¢) combination test plus
snalysis. Support qualification by testing will be utilized when the support
geometry/hardware mass and seismic environment, etc., are bounded by a
specific test case. Supports not directly bounded by the geometry of the test
cases but whose behavior is consistent with the behavior of the test cases,
will be qualified by a combination of test and analysis. Supports not
represented by test models will be qualified by a unique analysis

An overall description of the qualification program is presented
below. Detailed descriptions of the qualification methods are presented in
Section 4. Table 3-1 summarizes the implementation phase of the qualification
program.

3.1 Testing Program

The qualification test data base was developed by shake table testing
of four representative support configurations which are predominant throughout
the seven Seismic Category 1 buildings. The system behavior of each of the
configurations was obtained by testing full scale systems. Figures 3.1
through 3-4 show standard construction details of the supports simulated by
test. PFigures 3-5 through 3-12 show tynical cable tray layouts which are
conservatively enveloped by the test configuration.

The test program data provides the necessary data to extract an
understanding of system performance. The data is then used as an effective
link to the analytical applications program as follows

1. Connection test data is used to: (a) establish sppropriate spring

rates to be inserted into support finite element models and to (b)
establish appropriste connection rotational and stress limits

-



2. Finite element models of the test case samples derived in Item 1,
are then compared to the system test data. Correlation of these
analyses with the test resul.s in terms of dynamic properties and
response levels serves to verify the modeling approach.

3. The connection performance data developed in Item 1 is then
reviewed versus the system data. Utilizing these connection
performance data will result in responses that are limited to less
than those observed during system testing. This will ensure that
supports qualified analytically and in conformance with the
acceptance criteris will be within the response levels generated

during system tests. Joint rotation, for example will always be
limited to values less than those observed during system testing.

Supplemental analytical evaluations a“e used to illustrate the severity
of the test conditions and their resulting broad applicability. This is
because the input margins included in the test programs resulted in bounding
response data. In plant applications, the connection moments and forces,
connection rotations, etc., are limited to values which are less than those
recorded during the tests. Therefore, although the test samples do not
geometrically envelope 100% of the plant, they were subjected to responses
which, by the implementation of our qualification criteria, will envelope the
sctual support system responses at Seabrook. A support-by-support review will
verify that indeed the tested supports envelope the response conditions of the
vast majority of the existing support installations. This confidence is due
to our parametric surveys which have yielded the following data:

© The Test Response Spectra (TRS) exceeds the horizontal ARS of all
elevations in the Control Building by & minimum of 60% at all
frequencies above 1 Hz.

o FPifty percent (50%) of all trays in the Control Bullding are loaded
to 20% or less fill by area (note: AO0% fill was used in the test
program)

ol



0 Seventy percent (70%) of all supports are spaced at intervals of
8 feet or less (note: 10 feet was used in the testing program).

0 95% of all supports have more bracing than the unbraced test
configurations.

3.3 Cable Trey Support Qualificetion
Bach support will be qualified and documented by one of the following

methods. Tetailed descriptions of these methods are presented in Sections 5.0
and 6.0.

3.2.1 Testing

Critical elements of supports sre enveloped by tested conditions
Critical Parameters
o ARS
o Configuration
0 Hardware
o Cable loading

Examples are shown in Figures 3-13 and 3.-14.

3.2.2 Combination Test end Anslys.s

To evaluate configurations similar, but not ldentical, to the test
configurations, supplementary analysis is performed. Analysis is directed
toward key wsupport items that ensure integrity. Examples of such
configurations are shown in Figures 3-15 and 3-16.



3.2.3 Unique Analysis

Any support not qualified by test or combination test and analysis will
require a unique analyvis.

This analveis ranges from a complete analysis of the support of concern
to an analysis which addresses any minor deviations between the support and a
L

previously qualified configuration.

Analytical refinements, derived as a resul: of the tesi program, are
incorporated where possible, for example:

1. Experimentally determined connection spring rates are used.

2. The analytical scceptance criteria is expanded to incorporate the
connection rotational and capacity limite provided by the testing
program

3. Damping values up to a4 maximum of 20% will be utilized. (Note:
The justification to use increasel Jdamping at Seabrook was
submitted to the WRC in Refersnce 1} The Seabrook testing program
serves to confirm the applicadbilivy of these damping values.)

Analytical criteria is presented in detail in Section 5.0 of Lhis
report.

Bach support qualification will be documented in accordance with the
guidelines and checklists contained in Section 6.0 of this report

3.3 Qther Issues

The seismic qualification program will also address the following open
WRC issues:



10CFR50.55(e) Report Blectrical Cable Tray Support strut-nuts
hardware. The test configurations included bolting hardware which
exhibit slippage capacities less than published allowed loads.

All cable tray supports at Seabrook have been as-built to the level
of detail shown on Figure 3-13. The personnel conducting the
as-built are qualified in accordance with applicable ANSI standards.

Past Performance of Cable Trays in Seismic Events

To further document the inherent seismic capacity of cable tray
supports, Seabrook cable tray support details are compared to cable tray
supports that have experienced strong motion earthquakes. This comparison is
made by EQE, Inc., an engineering consulting firm that deals primarily with
the historical performance of various equipment that have survived past
earthquakes. BQE, Inc., has accumulated an extensive data base that includes
Cable Tray Systems similaer to Seabrook including tray without axial bracing.
Historically, Cable Tray Systems have performed very well during and after
major earthquakes, with ground motion in excess of the Seabrook safe shutdown
earthquake. This data supports the conclusions of the Seabrook dynamic test
program and is provided in Appendix A.



CABLE TRAY SUPPORT
QUALIFICATION PROGRAM
IMPLEMENTATION

IDENTIFY SPECIFIC INSTALLATION
FROM AS-BUILT DRAWINGS

r

TESTED CONF IGURAT IOM

PARAMETRIC ANALY.
CONFIGURATION

ASBESSMENT OF SYSTEM

COMPONENT INTERACT I1ON
\ TERIA

UNIQUE ANALYSIS

IMPACT WiITH
ADJACENT COMFONENT

INDUCED LDAD ON
COUPLED COMPONENT

COMPLETE FINAL

—® QUALIFICATION M-

CABLE INTEORITY

DOCUMENTAT ION
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Figure 3.5 The typical configuration of cable trays in this area is a
double trapeze with up to 8 tiers. The trapezes are connected to the
ceiling using the standard connection "boot"” either bolted or welded to
overhead structural steel wide-flange beams. On multiple-tiered trays.
at least every fourth tier is braced in the transverse direction.
Bracing details include triangular gussets at major connections and clip
angles at other connections. The cable trays are connected to the
trapeze supports with either internal clips or "Z"-clips. Cable is
routed from the tray into electrical busses through wireways and
flexible corduit.
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Figure 3.6 The typical configuration of cable trays in this area is
floor-to-ceiling with up to 10 tiers. The trays are connected to the
ceiling using the standard connection "boot" either bolted or welded to
overhead structural steel wide-flange beams. The floor connection is
made by welding to a base plate either embedded in or anchor-bolted to
the floor. On multiple-tiered trays, at least every fourth tier is
braced in the transverse direction. In addition to the large amount of
horizontal trays, there are several runs of vertical trays connecting
;he switchgear area (elevation 21'6") with the control room (elevation
5'0%)
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Figure 3.7 The typical cable tray configuration in the tunnel area is
floor-to-ceiling, with up to 10 tiers. One side of the tray is
supported using a floor-to-ceiling column. The other side of the tray
is braced with struts attached to embedded steel channel in the concrete
wall. The trays are connected to the ceiling using the standard
connection detail either bolted or welded to overhead structural steel
wide-flange beams. The floor connection is made by welding to a base
plate either embedded or bolted to the floor. Cable tray loading in
this area does not exceed 40 plf. Seismic gaps are evident here.

The penetration area contains a high density of cable trays. The
configurations of these trays are trapeze, floor-to-ceiling, and various
combinations of trapeze and floor-to-ceiling supports. In addition to
the cable trays, this area cortains ducts, electrical cabinets and
penetration assemblies.
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Figure 3.8 The cable trays found here are similar to those found in
the A Train Elec'rical Tunnel and Penetration Area.
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Figure 3.9 The typical cable tray configurations in this area are
double trapeze and floor-to-ceiling supports. Most of the trapeze
supports have 3 or 4 tiers. Cable tray loading in this area does not
exceed 40 pl1f. The cable trays and penetration assemblies found here
are similar to those found at Elevation 0'0".
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Figure 3-10

H H

In this area, cable trays are mounted around the perimeter

of the building in a 3-tier trapeze configuration. The supports are
welded to the overhead structural steel wide-flange beams of the
ceiling. In addition to the trapeze supports, some of the cable tray:
are supported on pedestals.
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Figure 3-11 The typical configurations of cable trays in this area are
double trapeze and floor-to-ceiling with up to 4 tiers.
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Figure 3-12 The typical cable tray configurations in this area are
trapeze, cantilevered and pedestal supports. The cantilevered cable
trays are two tiered, with each tier braced to embedded ste2] channel in
the concrete wall. The pedestal supports are also braced to the wall at
each tier.
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4.0 TEST PROGRAM DEVELOPMENT
4.1 Test Program

The Cable Tray System qualification program includes the development of
the items identified in Section 3; specifically, dynamic testing of full scale
|y1}- models, connection tests and analytical applications program. 1In
addition, the program data base was enlarged by ine utilization of an existing
Bechi:l Raceway Test Program. The detaiied development of these programs and

a summary of ensuing results is included in the following sections.

4.1.1 Dynamic Test Program

The primary objective of the Seabrook specific tests was to study the
seismic res.stance and response of typical multi-tier Cable Tray Systems,
constructed ur.ng representative site-specific details and hardware subjected

to vatrious levels of postulated seismic loadings.

Other objectives include the collection and analysis of data to
determine trends in resonant frequencies, damping ratios, response shapes and
support loads. This information is later coordinated with an analytical
applications program to qualify the support system as described in
Section 4.2.3.

The test effort investigated the performance of the typical Cable Tray
Systems using three different load sequences and input levels. They are
identified as follows: (Reference 10, Vol. 1.)

SSE Test
Each test configuration was subjected to one SSE Test Response Spectra

(TRS). To study system response, the test configuration was also

subjected to fractional SSE events.



Fatigue Test

Each test configuration was subjected to five OBE TRS followed by one
SSE TRS.

r ty Test

Each test configuration was subjected to incremental TRS, using the SSE
TRS shape, until the table limit was reached. This resulted in an
application of spectra ranging from 1.2 to 1.5 of the SSE TRS.

Each test sample was subjected to a specific sequence of test inputs to
optimize data and performance evaluations. All the test cases include low
level random testing, fractional SSE testing, SSE testing, fatigue testing and
br.ing studies. Details of the test sequence for each test can be found in
Tables 4.1 through 4.3. Test plans for each test are found in References 2
and 3.

4.1.2 Development of the Dynamic Test Configurations

Site walkdowns, performed to support the Bechtel damping study of the
Seabrook cable tray supports (Reference 5), were used as the basis for the
proposal of the two test sample geometries (Case A and B). A description of
these two cases are provided in Figures 4-1 and 4-2. These two configurations
were judged to be the most representative of site conditions. Two test cases
were selected initially, as it was felt that additional test cases could be
added as warranted.

The main Seabrook typical supports are represented by the trapeze
support T26 (representative of T4, T8, T26, T27 and T29) and by the typical
support TS5 (floor to ceiling support). A sketch of typical supports, T26 and
T5 is provided in Figures 4-3 and 4-4. These two types were selected for
dimensional, quantity and behavioral reasons. These initial configurations
consisted of reduced transverse and no longitudinal bracing, which is

consistent with the program objectives.
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After the completion of Test Case A, it was decided to establish a
third configuration, Test Case C. This test case is illustrated in
Figures 4-5 and 4-6, and incorporates two major types of supports (change in
direction supports, T9, T10) and supports for vertical tray, T38). The thi.rd
case, by enlarging the data base, serves the joint purpose of illustrating the
seismic resistance of two different distinct types of support conditions,
while providing additional data to aid in the analytical applications
.tJaioc. A sketch of typical support, T9, is provided in Figure 4-7.

Testing was performed almost e¢<clusively with site supplied hardware.
Due to shortages of necessary details, locally supplied hardware was used,
however, only site representative vendors were utilized. All the test samples
incorporated various representative in situ details which were determine? to
be particularly sensitive to the increased motions of unbraced systems.
Table 4.4 provides a list of typical features simulated. Typical connections,
anchors and tray fasteners tested are shown in Figures 4.8 a, b and c.
Further, in addition to these representative in situ simulations, several
items were maximized for conservatisr and aargin. In addition to the reduced
bracing previously mentioned, the primary features were: &) the use of all
trays at a forty percent fill (by area), and b) th2 use of a maximum cable

tray support spacing (10 feet in lieu of typical 8 feet or less).

All testing was performed using an envelope spectra. Thus, the Test
Response Spectra (TRS) generated to envelope the Operating Basis Earthquake
(OBE) and the Safe Shutdown Earthquake (SSE) envelope all applicable site
conditions. This is extremely conservative and it mu:st be remembered that at
certain elevations, locations and directions in the plant, the local Amplified
Response Spectra (ARS) is a fraction of the plant envelope TRE. In most
cases, the applicable design ARS is only one-third to one-balf of the TES.
Testing to the TRS, then, provides significant margin. (Figure 4-13)

The use of envelope conditions (maximum cable load, maximum support
spacing and envelope spectra) were selected to give the testing program the
most flexibility and broadest applicability possible. The program objective
is to envelope the behavior of as many supports as possible. The comparison

of typica! conditions (vs. envelope conditions) is identified in Section 3.
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4.1.3 (Connection Tests

In addition to full scale dynamic tests (Reference 10, Vol. 5), load
deflection stiffness tests and cyclic fatigue connection tests of key
representative connections have been performed as an integral part of the
qualification program. The connection tests were developed to study the
performance of typical cable tray support connections and to provide data to
refine modeling techniques, and establish appropriate connection stress and
rotation limits. The connection test plan is found in Reference 4. Past
Bechtel Raceway Testing (Reference 6) established that the behavior of the
primary connections is a key parameter in determining the system behavior of
Cable Tray Support Systems. As discussed earlier in Section 3, the data
collected is used as input to the cable tray support analytical models.
Specifically, spring rates are developed to mcdel these connections in various
finite element models. Three test types were performed:

© Moment resistance as a function of angular rotation (M versus §).

0 Load resistance as a function of deflection (P versus A).

The connections tested are shown in Figure ¢4 -9 These connections are
representative of the anchor connections found in the field and simulated
during the shake table testing.

The test setup is shown in Figure 4-10. The connection test system
consists of a rijic vertical surface to which sacrificial plate and strut
assemblies can be attached horizontally (as shown) or vertically, permitting
testing of each anchor detail in its principal axes. The following equipment
is required:

© A double acting hydraulic cylinder.

o A stiff member (6 inch x 6 inch x 1/2 inch) to limit strut
deflection.

o A load cell to sense load.

~12-




o A linear potentiometer to sense deflection.

o A mechanical force gauge to sense applied axial load and a group of

tension springs to apply that load.

4.1.4 Coordination With Bechtel Raceway Support Program

»
New Hampshire Yankee is also a member of the Bechtel Joint Owner's

Group and therefore the data from Raceway Support Program (Reference 6) is
coordinated with the Seabrook testing. Bechtel (Reference 5) previously
reviewed the proposed Seabrook design and evaluated the design for
applicability of the test data. Because of the generic nature of the data, it
was determined that the Seabrook design was bounded, and the data was
applicable. This data has been presented to the WRC and their initial
concurrence received in May 1985 (Reference 7).

The design damping curve for the Seabrook Project (Figure 4.11) was
developed from the results of the Bechtel sponsored, “Cable Tray and Conduit
Raceway Test Program"” performed by ANCO Engineers, Inc. To date, in excess of
2,000 dynamic tests have been performed as part of the .~chtel Cable Tray
Testing Program. Numerous tray support systems have been tested and the
effects of a broad range of parameters have been investigated. Flexible as
well as rigid support systems have been tested. Results of these tests have
demonstrated that the Cable Tray Support System damping is greatly influenced
by the amount of motion of cables in the trays.

For linear dynamic structural analysis, the effects of the various
mechanisms which tend to dissipate the energy of a system are typically lumped
together in a single factor known as the effective viscous damping. This
velocity dependent parameter is conmonly quantified by means of dynamic
testing, and can include the effects of many energy dissipating mechanisms,
such as friction and rotation in bolted connections, hysteresis, radiation of

energy away from foundations, and others

The predominant energy dissipating mechanism observed during the Cable

Tray Test Program was the vibration cf the cables. A significant amount of
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energy was absorbed as a result of friction between adjacent moving cable: and
between cables and trays. An equivalent viscous damping was calculated for
each tested system, based upon the recorded dynamic input and response. A
detailed discussion of the damping computations can be found in the test
report (Reference 6).

The individual damping vulues clearly demonstrated that the tested
cable tray supports comprise a dynamic system with high equivalent viscous
damping. Results from tests of many support types and configurations are
included in the data, but in the interest of providing a generic design
damping curve, the conservative bound of the accumulated test data,
represented as a bilinear curve, was utiliced.

Variations in support rigidity did not significantly impact the system
damping, that is, damping data in excess of Figure 4-11 was still realized.
The effect of the cabtles on damping is heightened with increased input
acceleration levels. When cable trays are lightly loaded, or when the system
is subjected to low input acceleration levels, the measured damping approaches
the values in NRC Regulatory Guide 1.61 for bolted structures.

The tested support systems were constructed using standard cold-formed
struts and standard bolted fittings from a variety of manufacturers. Cable
trays and fittings for the tests were provided by several manufacturers,
including Metal Products Corporation, which is the sole supplier of cable
trays for Seabrook. Tests included trapeze supports of varying height and
with various transverse and longitudinal bracing configurations and rigid
supports. Cable loading ranged from 0 to 50 pounds per foot.

The fundamental frequencies of the tested support configurations were
found to be in two ranges: the more flexible support systems had fundamental
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