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The paper presents a base isolation concept and discusses its potential application
to nuclear equipment subjected to high frequency (20-20Hz) loads which can result from Loss—
Of-Coolant Accident (LOCA) and/or Safety/Relief Valve (S/RV) discharge events, The high
frequency content of these loads has little effect on the gstructural integrity of most types
of equipment. However, serious problems can be encountered in the operability of some electro—
mechanical devices such as relays. Typical of this situation is control panels. Response
spectra computed at component locations can ewhibit high acceleration peaks in the high
frequency range - often considerably above the levels for which the componants can he
qualified.

When equipment is subjected to high accelerations in the low frequency vange, the
equipment is usually designed in such a way that its fundamental frequency is well ahove
the frequencies of the applied loads so that little or no amplification occurs in the
equipment. This approach is typically used for eguipment excited by seismic loads whose
dominant freguencies occur in the 1 to 15 Hz range. When the fundamental frequency of the
equipment is raised to 33 HEz or higher, it is considered rigid for geismic loads and no
amplification is asgsumed to occur.

This approach may be used to reduce high accelsrations occurring in equipment resulting
from high frequency loads. However problems arise with local modes of vibration in the 20-
100 Hz range. Tt may be neither practical nor economical to qualify such eguipment by
stiffening because of the difficulty in raising the frequencies of the local modes out of
the frequency range of the applied loads.

In contrast, base isolation takes the opposite approach. It reduces the fundamental
frequency of the equipment and eliminates the amplification effects dus to high frequency
loads. Qualification of the equipment is greatly simplified and is focused on the design
of base isgolation devices which optimally balance acceleration and digplacement in the
equipment under the reguired loading conditions.

Hereln a typical control panel hag been selected and is subjected to a LOCA load typical
of an actual nuclear power plant. The panel was analyzed with and without base isclation
devices for these loads. The results of the analysis demonstrate that a properly designed
base isolation system effectively eliminates high accelerations due to the high freguency

component of the load.
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i ICRODTCEION

Thiz paper presents a base isclation cencept and discusses its potential application
to nuclear egquipment subjectsd to loads in the high frequency range. Figh Freogvency loads
can vesult from Loss-0f-Coolant dceident (LOCA) and/on Safety/Relief valve (5/RV) dischaige
events.

Tt has been shown that the high frequency content of thege loads bas little efffect

on the structural intedrity of most typical types of equipment. Howe serious problems

can De &ncount

1 in the operab relays and othex

alectro-machanical COMPONENLS

[

control panels. High Zreguancy

lozds have 1ittle influence on the stress levels within the panels or the adequacy of the
hage anchorage., Howsver, rasponse spectra computed at component locationg exhibit high
accsleration peaks in the high frequency range - often congiderably zbove the levels for
which the components can be gualified.

When equipment is subjected to high accelerations in the low freguency range, the
esguipment is usually designed in such a way that its fundamental freguency is well above
the frequencies of the leads and little or no amplification occurg in ths equipmsnt. This
approach is typically used for equipment gxcited by seismic loads whose dominant frequencisg
exiect between 1 and 15 Hz, When the fundamental frequency of the equipment ig raised to 33
Hz or higher, it iz congideved rigid for geiswmic loads and no amplification ig assumed to
oceur .

This appreach hag also been uged Lo reduce high accelerations occurring in eguipment
rezulting from high frequency related iosds., However a problem may arise with gome types
of equipment with local modes of vibration in the 20-100 Hz range. It may be neither practical
nor economical to qualify such squipment by stiffening because the fundamental frequendy
hag +to he raised to above 3100 Hz and all significant local modes have to be eliminakted.

This ig particulerly true in retrofit gituations wheve equipment originally designed

for seismic only has to be requalified for high Ifrequency loads. Raising the local mede

2]

frequencies to above 100 Hzx can require an increase in stifinesgs of & factor of 10 or more.
For equipment already built (and installed) this can be a formidable task - both practically
and@ economically.

' Tn contrast, base isolation takes the opposite approach and reduces the fundasmental
frequency of the equipment., The amplification effects of local nodes on the equipment responge
due to high freguency loads ig eliminated. oualification of the equipment is greatly simplified
and ig focused on the design of base isolation devices which optimally balance acceleration
and displacement in the equipment under the reguired loading conditions.

2 FEBSE ISOLATICN

A bage isolation system imolates equipment or & structure from harmful vibration.
The most common use of bage isolation is zeen in heavy machinery or equipment whose wibration
and noise are isolated from the floor at the mounting base. Another use exigts in buildings
which are isolated from earihrguake ground motion. This paper studies the latter application
and extends it te nuclear equipment. A significant amount of ressarch has been performed
on base isolation systems for buildings in both the U.3. and New Zealand (1][2]. Base isclation

devices have been incorporated in the design of several structures in garthguake regions
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throughout the world and is now a viable voncept Lo be considered by Qegigners,
An effective earthquske iszolation system for buildings must satisfy the following
requirements
(1) EReduction of the fundamental watural frequency of the building well below
the frequencies where peak seismic acoslerations occux

{2) Maintenance of an acceptable

1 of displacement in the building when

it is softened by the uze of bage isolation.

The fii

gt requirement determines how much amplification (or reduction) will be achieved

in the building response against sart xqu,ke ground motion. When thig requirement iz metk,

the freguency of the h

system governs the buillding response and the original

freguencies of the building it=elf produce negligi

ragponse. The second reguirement,
determines how soft the basa icolatlon system can be before the digplacement becones

unacceptable. It is appavent that these two requirements conflict with cach other. Therefore
the earthquake isolation system for a building must be designed such that the reqguirensnts

for acceleration and displacement are

i

atiedfied in an optium mannex.

Nuclear equipment genexally has the following characteristics, compared with those

of & building:

(1) 7Tts fundamental £requency is much higher.

(2) T weldghs wuch les

w0

N

3 Tk way ewperience high freguency related loads in additicon to szismic
¥ §2 Gh ¥

o

loads.
Tt is not difficult to design a base isolation syatem which significantly reduces the
equipment response to high frequency related loads such as LOCA and S/RV discharge loads.
 However more thought i required to degign & system for effective isolation of seismic loads
ag well,
Tt is worth discussing at this stage the wmechanism by which base isolation is effective,

Contrary to a common balief, the high frequency wodes of vibration of a system are not

eliminated by the addition of base isolation devices — in fact, the natural freguencies remain

esgentially unchanged (¢

gxcept for the addition of "rigid body” modes)., However, the
corresponding mode shapes have superimposed on them a rigid body component (corresponding
to base movenent) which gexves to gsubstantially reduce the corresponding modal participation
factoxr. A a result, thesze wmodes contribute litkle “o the total res cpoaze at peinks within
the system - the high freguency moticn is effectively "filbtered” out.

Figure 1 shows a typical base isoclation device applicable to nuclear control panels.
Multilayer rubber Dearingsz and steel sheets are designed such that the device provideg the
required stiffness In the horizental direction and vet maintaing a high gtiffness in the
vertical directicn. The latter is required to prevent the introduction of any undegirable
rocking oxr vertical modes of wvibration.

3 APPLICATION

3.1 Control Pangl

Control panels in nuclear plants appeay to have the best potential for the use of base
isolation. Thersfore these panels zre studied in more detail to demonstrvate the ef ffectivenass

cf base isolation for high freguency loads.
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& typical control pamel is a cazbinet type of structure which is constructed using
structural members such as angles and channels for its framing and plate steel for its
paneling. & number of safety related devices will be mounted on the panel. Because of the
structural characteristics of the panel thers will he a number of local plate modes bselow
80 Hz. In addition, there éay be some global wmodes of vibration in this range depending on
the stiffness of the base/anchorage system. LOCR, S/RV discharge and seismic loadg are likely
to be the major loads. Hiogh freguency loads which could result from LOCA and 3/RV discharge
events may have peak accelerationg in the 20-100 Hz range. These loads will excite both local
and global modes of the panel and the devices mounted on the panel may experience high and
possibly unacceptable accelerations.

3.2 Stiffening Bpproach

When a control panel experiences high acceleration in the 20-100 Hz freguency range,
the conventional solution is to stiffen the panel and raise its fundamental frequency well
above the exciting frequencies, If this approach is used then all the significant local
modes of the panel have to be suppressed by stiffenere and the fundamental frequency hasg
to be raised above 100 Hz. The following difficulties arise with this stiffening approach:

(1) 21l significant local modes of the panel which are gengitive to local
structural characteristics will have to be identifiad.

{2) Extensive stiffening of the panel will be required to suppress the Jocal
modes .

Additionally, each panel may reguire a unigue stiffening scheme because local modes
of the panels are sensitive to local structural characteristics. When there are a number
of panels which require stiffening, this approach will become very coztly.

3.3 Base Isolation Approach

General

The difficulties associated with stiffening a control panel appear to be resclved by
using base isolation. When a bage isolation system is uged, the panel response to high
frequency related loads will be governed by the stiffness of the base igolation system rathex
than local structural characteristics of the panel., BAs a result, it ig not difficult teo
identify panels which have similar dynamic response to the above loads. ‘The parameters which
determine the panel response will ba the global stiffness and mass distribution in a panel
and the base isolation stiffness.

This eage of the identification will regult in the development of a few standardized
base isolation devices and installation details which can be uged for the qualification of
all control panels of interest.

Example

Figure 2 gives a typical control panel chosan to study the effectiveness of base
isolation for the above loads,

The panel is 96" wide, 48" deep and 84 high. It weighs approximately 3,000 pounds.

Two finite element models were developed for this study:

(1) As-built modgl without base isolation.
(2) Modeal with the base isolation system which reduces the fundamental

freguency of the panel to approximately 5 Hz.
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The loading used is an acceleration time history, at the panel base, resulting from
a LOCh event. The input time history was obtained at the floor where the panel is located.
This example considered only the horizontal acceleration because in most cages the vertical
acceleration induces much smaller responge in the control panel.

Figure 3 shows the floor response spectra generated from the LOCR accsleration time
history. This spectrum is presented to show the distinctive characteristics of the LOCA
load, The LOCA floor response spectrum shows two dominant peak accelerations at about 25
and 75 Hz which could excite local as well as global modes of the panel.

The analysis was performed to obtain the response spectra (at two locations in the
panel) which a device mounted on the panel could experience. When the panel response wag
computed, three sets of damping (2%, 5% and 10%) wers used for the base isolation related
modes and one set (2%) was maintained for the remaining modes.

The analysis consisted of:

(1) Mode/frequency analysis of the panel.
(2) Time history analveis of the panel using the modal supsrposition method.
(3) Response spectrum generation for devices on the panel.

Table 1 provides the first twenty natural frequencies and associated modal participation
factors calculated for each model. 0Only the factors normal to the front of the panel, are
presented because the greatest amplification occurred in that direction when subjected to
the LOCA load. A number of local plate modes sxist which could be zignificantly excited by
the LOCA load. In the model where the base iszolation system ig incorporated, the results
in Table 1 indicate that the local plate modes become insignificant and consequently the
global base isolation related modes will govern the panel response. Note that in the basge
isclated panel the modal participation factors of all the higher modes are substantially
less than the model with no base isolation

The acceleration response spectra resulting from the LOCA load is given in Figures
4 and 5. These response spectra are envelopes of those obtained at two locations on the
panel.

Az anticipated from the results in Table 1, the base isolation system drastically
reduced the effects of the local plate modes on the panel response. All the peak accelerations
above 30 Hz chserved in Figure 4 were effectively eliminated by the use of the base isolation
system zs seen in Figure 5.

The maximum acceleration of the panel response gpectrum with and without the bhasze
isolation ig 0.9y and 84g respectively., The digplacement obtained for both models is
negligible under the LOCA loading considered.

A survey of the literature indicates that the use of 5% damping and even higher is
easily justified for the base isolation devices being considersd. The panel displacement
decreases as the damping value for the devices increases and will not be more than sne—half
inch for all the leoads considered — LOCA, S/RV, and seismic.

4 CONCLUSIORS

This paper has presented the application of bage isolation to nuclear equipment

subjected to vibratory loads with acceleration peaks in the 20-80 Hz frequency range.

The results of the study demonstrate that the base isolation system effectively
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¢liminates high zocelerationg in the

resulting from the high frequency

oi these loads.

monventional stiffening approach wsed fox

welon,

he Sundamental freoguency of the equipment aond 11y raduces

the effech of the lecal modes on the equipment vesponse to high freguency loads. The sgulpment

vezponse is governed by the global characteristics o

stiffness rather than the local characteristics. Theve

veduce the effort

the gualification of the equipment.

The uge of base igolation appears to he particulax

suitable for existing eguipment

1y identified, high freguency related loada.

regquallf hacause of new
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ctural modifications to the

eguipment than the conveatlonal 2 qogt effective
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sguipment. Tt

the use of a

sguipment subjected to5 high

Base isolation should therefore be seriously censiderad as a potential geolution to the

regualification of any existing nuclear equipment ag well ag its possible use fov new
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TABLE 1

RATURAL FREQUENMGIES AND PODAL PARTICIPATION FAGTORD
OF CORTAROL PANEL

CONTROL PANEL MODEL
WO BASE ISDLATION OLATED PAKREL
WOOE CRECUENGY
BO- (5 MFF MPE
1 37.4 0.708 44 0.068
2 EY S -1.863 5.0 2,067
3 486 0.314 5.2 ~0.057
4 55.5 0157 19.5 -0.003
5 56,7 -0 00% 25.1 0.011 ‘
5 611 -0 320 39.1 0.006
7 -0,029 41.7 2,009
B 0.067 49.4 -0.002
9 59.0 -0.415 53.1 -0.008
10 69.5 0.084 53.9 0.010
M 717 -0.059 57.1 0,002
12 75.2 -0.325 62.1 -0.004
13 78.6 0186 0.010
14 50.2 0.046 0.004
15 88,3 0,055 63.8 0.006
6 92.2 0.165 69,3 0.002
17 ‘ 04.3 0.015 714 0.002
8 ‘ 96.3 0.117 75.6 0,001
19 1 100.6 0117 76.1 -0.005
20 1 101.3 -0,030 30.0 -0.002
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