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Abstract

Structural modification in the electrical cabinstinvestigated by a proposed procedure that coegpi$ an
experimental, analytical and numerical solutionisTlesearch emphasizes the linear dynamic analfsie cabinet
that is studied under the seismic excitation to alestrate the real behavior of the cabinets in NRPthis end, an
actual electric cabinet is experimentally testeihgisan impact hammer test which reveals the fundaahe
parameters of the cabinet. The Frequency-domaioendgasition (FDD) method is used to extract the dyica
properties of the cabinet from the experiment whgthen used for numerical modeling. To validdie ¢dynamic
properties of the cabinet an analytical solutiorsigygested. The calibrated model is analyzed utigerfloor
response obtained from the Connecticut nuclear ppleat structure excited by Tabas 1978 (Mw 7.4}hepiake.
Eventually, the grouping effect of the cabinetspi®posed which represents the influence on the rdima
moadification. This grouping of the cabinets is désed more sophisticatedly by the theoretical ustiing, which
results in a significant change in the seismic oesp. Considering the grouping effects will be félpn the

assessment of the real seismic behavior, desighperiormance of cabinets.

Keywords: Grouping effects of cabinets, modal analysis, primary-secondary structure interaction, response

analysis, structural modification

1. Introduction

The seismic response analysis of structure baséts performance level is the crucial aspect aicttrral and
earthquake engineering. The role of seismic evialnds more challenging in case of sensitive strieg like a
nuclear power plant (NPP) and its components. Fmsimuctural components (NSC), the seismic evalnait
studied by many researchers using the structuuetstie interaction which is generally known as Riya
Secondary Structure Interaction (PSSI). In the cdsenuclear power plant, the electrical cabisethe facility that
is considered to study the interaction effect [fany researchers have investigated the linear andinear
behavior of the cabinet under different seismicitaxions and field tests which mainly include arpant hammer

test, shaking table test, etc.

Following the seismic analysis of the cabinet, aswfound that the dominant failure mode faced kg th
electrical cabinet is an inadequate anchoragettangercentage of the observed damage to the nurabéarets is

30% [2]. To understand the dynamic characterigtithe cabinet using the deterministic and probsfidianalysis,
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significant studies have been done in the numenaleling of the cabinets. The recent advancenmetiie cabinet
model is from a stick model to a 2D frame and fintd a 3D frame model. The significance of thesmaling is to
achieve more close interpretation for the real bihaof the cabinet. Using the stick model apprqacivas found

that the response of the cabinet is non-linear exean the input motion is not very high [3].

Based on the dynamic characteristic of the cabihetevaluation of its seismic response is consilesing the
primary-secondary structure interaction. In PS8, grimary structure provides resistance to allda€els applied to
it. It is the supporting structure for the equiprn@ron-structural component). Secondary structareshe members
that are not part of the primary load-bearing congmts in a structural system. A secondary struahag include
the following components: stairways, parapets,irggsl, piping systems, mechanical and electrical pruments,

emergency power systems, computers, data acquisggtems, and communication equipment.

Floor response method or in-structure response adeth the type of time history analysis used foe th
equipment that is located within the structurethesequipment doesn’t have direct interaction wlitd ground, so
the floor excitation is used to qualify the perfamce of the equipment. The floor response specéthad was
firstly used for generating the maximum responsthefsecondary structure by Penzien and Chopr&ptpur and
Shao [5]. The amplification effect of the cabinetss considered in the lower floors when the natpeaiod of the
non-structural components is equal to the secorttiiat period of the building with the consideratiof the non-
linearity and narrowband excitation of the primatyucture[6]. In the work by Segal and Hall [7]etmteraction
effect of the cabinet to the primary structure wagied; it was found that mounting of cabinetstloa primary
structure will not reduce the peak response anilitnot act as a damper for the primary structudgsing the
structure interaction, an accurate prediction far top displacement of the secondary structure csasluded by
considering the relationship between the intergcfiorce and the response under dynamic loading A8].the
secondary structures are not subjected to theralftekcitation but in case of seismic activitidsyt are excited by

the force induced in the primary structure, whieh be considered in the form of floor response [9].

Primary-secondary structure interaction was comsitlaising the decoupling method for the generatibn
maximum floor response spectrum [5]. The structumadelling of an auxiliary building using 3D and Afick
models with the consideration of non-structural poments was investigated by Hur et al. [10] amdais found that
the non-structural components are directly inflleghby the dynamic characteristic of the primaryatire. These

interactions are important to be considered for thywamic analysis of both structural and non-stmait
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components. The location effect of the nonstrutttwenponents within the primary structure has bieeastigated

with a significant impact on its seismic responkH [

The dynamic characteristic of a cabinet is maingmeined by its global and local mode consideratidriee
global mode corresponds to the cantilever actiorthef cabinet frame, while the corresponding higigdiency
modes are the local modes. Local modes are usstlidly the stiffness effects of the plates and tbephragm
action under the lateral loads. Local panel’'s defttion occurs at higher vibration modes that angoirrant to be
considered for the electrical devices that arechtd to the panels [12]. In the field of structuzalineering, the
global behavior of the structure must be consideasdt is directly affected by the support bougdawndition in
the model analysis [13]. The non-linear behaviothef supporting structure can amplify the acceilenatesponse of

the tuned secondary structure [14].

In general, three methods are used to assesegitfugrpance of electrical cabinets such as: (1) expmntal test
(i.e., shake table test or impact hammer test))a@lytical method related to the developmentimfef element
model (FEM), and (3) expert opinion [15]. Moreovéite in-cabinet response spectrum (ICRS) shouldstienated
prior to the qualification of devices mounted iedatical cabinets [16]. In Electric Power Resedrddtitute (EPRI)
report, each device attached to the cabinets ityzmth using three different floor response speat@duding
different amplitude with dominant frequency rangeget the amplified response spectra [17][18]. Phienary
concern of this research focuses on the cabinet sescondary structure while considering its grogdehavior
under the seismic excitation. Many researchers baatyzed the cabinet by using numerical soluti@f40][12]
and modeled the cabinet as a stick model, 2D framte 3D frames; and its seismic response analysisbban
carried out. However, to the best knowledge of déhors, no extensive studies on the grouping efféche
electrical cabinets and its structural modificatmm the modal characteristics have been reporteélderpublished
literature. This paper emphasizes on the dynanspamse analysis due to the grouping effect of tketrical

cabinets based on the primary-secondary struatteeaiction.

2. Methodology

Electrical cabinets are important equipment, theyuire an accurate and practical approach to eteatheir

performance due to their seismic sensitivity. Thegguations are the essential requirements fosdlfiety of NPP
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industry. Based on the seismic evaluation of thesginets the following concerns are presented dhatnot

addressed specifically in the present literature.

< How rational is the approach to consider the saismsponse of a single electrical cabinet and its
integration to the multi-cabinets?

« What will be the seismic behavior to consider tiheuging effect of the cabinet system rather ushey t
integration of the dynamic behavior of a singleinat?

e The grouping effect with a change in the boundanydition can induce any significant impact whicim ca

be considered for the seismic analysis?

The schematic procedure as shown in Fig. 1 is teddvestigate the structural dynamic modificatiamd
response analysis due to the grouping effect ofcdd@inet. The structural modification is implemehtesing
experimental, analytical and numerical solutioret thre explained in detail in the next sub-sectidie seismic
response analysis is considered to elaborate tteetahduced by the grouping of the cabinets. Fobetter
understanding of the proposed problem and its isoluthe theoretical explanation is presented iatiSe 3 that

comprises of frequency response function (FRF)paese analysis based on Rayleigh damping and stalict

modification.
Promoype ] — — =
. . . Theoretical
() | Experimental Model —:—> Signal processing /; —|> s | —~
o= >
§ | | Analytical modal g | | g
5 —> | Analytical Model [ y . Calibration g —> 9
S | analysis = | 2
| 5 ] &
Q
| FEM model L Numerical modal g | Nii@iteal _l \f}
\_/ | J analysis _/ —r Analysis J

Fig. 1. Schematic procedure of the proposed arglysi

2.1. Experimental model analysis

An experimental vibration test was conducted on pihetotype of the electric cabinet in INNOSE Tech

Company in Korea (http://innosetech.com). The cetbépecimen has a dimension of 80800x 2100 mm (width,

height, depth) as shown in Fig. 2a and weighing@pmately 290 kg. The impact hammer test was cotetlin

two directions and six accelerometers were instatle the panels to get the dynamic response otdb@et as
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shown in Fig. 2b. The recorded responses fromatiuelerometers are analyzed to get the prelimidgnamic

properties that are explained in Section 4.1.

V4

[ >
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! Bl e e
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(a) Test specimen (b) Measurement locations of specimen

Fig. 2. Configuration and measurement locations of theggstimen.

2.2. Finite element modelling

The finite element model (FEM) of the cabinet wasated in the SAP2000 environment according to the
design drawings and technical specifications ferriaterial properties. The material properties glechent cross-
sections are given in Table 1. The cabinet modakists of frames and panels which are connectedddgied
connections. In the case of FEM modelling, thedrigiks were used to connect the panels to the 4fraime. The

boundary condition was included by restrainingladl degrees of freedom for displacement and ratatio

Grouping effect was considered by linking the cetsrtogether using the rigid links. These connscéme not
inducing any change in the dynamic characterisfiche cabinet and that are verified from the th&oaé
understanding of structural dynamic modificatiompleined in Section 3.1. The natural frequencietheftwo and
three cabinets were determined based on the daltbsingle cabinet. The fixed link was assigned ¢alconnect
the cabinet as one unit. Fig. 3 represents théefielement models for the grouping effect of theimet structure

that were linked together using fixed links.
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Fig. 3.FE models for the grouping effect of the cabinets.
Tablel

The material and element properties used in thmetab

Material properties Element cross section
e Type: SS400 e Main frame: 50 x 50 x 3.2 mm
« Y. Modulus 2.14 x 10 kgf/cm® +  Sub-frame 1: 14 x 60 x 3.2 mm
e Poisson’s ratio0.3 ¢ Sub-frame 2: 2.3 x60 x 3.2 mm
«  Unit weight:7.85 tonf/m? ¢ Panel thickness: 2.3 mm

2.3. Simple stick model

The simplification of the cabinet structure was sidared, and a stick model was developed thatesathie
same properties as the cabinet prototype. The pyiperameters for the dynamic characteristics btaioed by the
experimental test that contains the mass, damitigy and natural frequency of the cabinet. Congidethe cabinet
as a single degree of freedom (SDOF) system, tiffeests was calculated for a stick model which vilasn

simulated in the SAP2000 environment. The stiffrifthe cabinet as an SDOF is derived from Eq. (1):

fo=t | 1)

T 2mm
wherek andm are the stiffness and mass of the cabinet streickmowing the natural frequency and the mass of
the cabinet, the stiffness as an SDOF is calculdtbd calculated parameters are shown in Tableh&xhmvere
assigned to the stick models. The mentioned paemetre experimentally extracted for one cabinet ianvas
calculated for the two and three cabinets to camsible grouping effects. Considering the lumped srafsthe

cabinet, the stick model was analyzed under ther flesponse obtained from the Connecticut powentpla
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Table?2

Model parameter for numerical models.

Case Mass (kg) Frequency (Hz) Calculated Stiffness (kN /m)
1 cabinet 287 16 2897
2 cabinets 574 20 9055
3 cabinets 861 22 16434

2.4. Analytical procedure for model analysis

The decoupling analysis was considered in whicHltw response was used for the interaction effetiveen
the NPP structure and the electrical cabinet. Tinplest solution was proposed for the cabinet aSROF system.
In this procedure, a linear elastic oscillator, whoin Fig. 4, was considered for the excitation emthe floor
response. This model was developed to considercdimélever action (global mode) of the cabinet d@ndas
calibrated with theaumerical model. This linear elastic oscillator ttzes same dynamic properties as a simple stick
model which is considered in Section 2.3. The SD¥festrained with the floor and it was excited enthe floor

excitation.

2]

WMV‘\“‘(\,‘“\ T

Fig. 4. Simplified model of the electrical cabinet.

The equation of motion of linear elastic oscillatloring the floor motion is defined as follows:

i+ 2{w, it + whu = —ii,

2)
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Whereii, is the horizontal floor motiony,, is the natural frequency of the system that igigiv Eq. (1) and

{ =c/(2Vkm) is the damping factor. The model was analyzed gudime available ODE23 function by

implementing Runga-Kutta method in MATLAB.

2.5. Considering the interaction effect

The interaction of primary with the secondary stnoes is considered under the following two aspects

(a) The interaction effect of the cabinets as a seagmstaucture on the primary structure was negligidhd it

is explained as follows:
Based on the equation of motion

F(t) =MU + CU + KU

3)
The generalized equation of motion for the combistedctures are given as below
_[mp O]. _[e O]. _[kp O]
M‘[o mS'C_ 0 cs’K_ 0 kg
4)

Wherem,, andm, represent the mass matrices for primary and secgnstructures (cabinety,, andc;
represent the damping matrices of primary and stagnstructuresk,andk represent the stiffness matrices of

primary and secondary structures, respectively.

As the mass of the cabinet to the total masseftixiliary structure is very small. Therefore, therement in
the mass matrix by then; as a coefficient of acceleration is very low. Agesult, the increasing number of
cabinets will not affect the dynamic response efdhxiliary structure. The same pattern is folloi@dthe velocity
and displacement response. The mounting of thenealwill not act as a damper for the primary stuuetand it
can'’t reduce the response of the primary strudiire®SSI can be neglected when the interactinguigecy of the

primary and secondary are not coinciding [19].

(b) The interaction effect of the primary structuretba secondary was considered. The floor respon$igoche
which includes the excitation of the Connecticutvpo plant structure under the strong earthquake. Th

recorded floor response was then used to excitedhiet structure, irrespective of the specification
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for the cabinets in the primary structure, the mmaxin floor response was recorded and applied to the

cabinet system.

3.  Theoretical understanding

3.1. Structural dynamic modification

To understand the dynamic behavior of the groupiifiects of the cabinets more sophisticatedly, kte®tetical
understanding is followed. The comprehensive aialfgs the structural system maodification using gtg/sics of
the problem is introduced in this section. Theéneent in the structural modification is from theotentities mainly
the mass and stiffness. The resonance and shifeifrequency of a dynamic system are directlyigrficed by the
mass and stiffness of the system. The dynamic neatibn of structure is improved by predicting thedification
induced by adding modification like lumped massngars, and rigid links, etc. [20]. As the stiffnemsd mass
modification which was considered for a cantilekeam in the form of a spring linking it to the gnauby its free
end. The spring was used for linking the beam &gtound and will not induces any change in thérasbnance
of the frequency response function (FRF), as adegrtb the Egs. (5)-(6). In the same way, the rilydk was

assigned between the two and three cabinets fagrtheging effect as shown iRig. 3

N
aij(w) = z% %)
r=1
det[K — .QZM] =0 (6)

wherea;; ) is the anti-resonance of a receptance FRF, whifimek the frequency characteristic of a structure
between to coordinatésandj; w, and w are the resonance frequencigg; and¢;, are the mass-normalized modal
displacement, respectively. Ties the anti-resonanc& andM represent the stiffness and mass matrices. This
stiffness modification addresses the behavior ofilever beam that is linked with the ground, tlieliion of the
stiffness in the form of spring to the vertical odioate will significantly increase the stiffnesttbe system and
eventually the natural frequency is dependent erstlifness properties. On the other hand, if nmasdification is

considered the natural frequencies are decreadégd [2

www.manaraa.com



3.2. Response analysis based on Rayleigh damping

As the structural modification was stated due tossnand stiffness that eventually change the straictu
frequency of the cabinet. These two structural ipatars are discussed under the philosophy of Reykdamping.
Chopra developed the correlation of the four stmattparameters (i.e. mass, stiffness, frequenwg, damping)
and how its effect on the structural response[Bsed on the Rayleigh damping the correspondingpadam

provided by the mass and stiffness are given i(7q

wnz\/g& D=aM+BK @)

w, is the natural frequency; andM represent the stiffness and mass of the systespectvely;D represents

the proportional damping; andf are mass and stiffness coefficients, respectively.

[ = D oaM+pK ®)
~2JKM  2VKM
Where( is the damping ratio based on the mass andeséfproportional damping.
For damping proportional to masi=0 , the damping ratio can be expressed as
{= % That means, the modal damping ratio decreasti®easatural frequency increases. While considettieg
stiffness  proportional damping,a=0 , (structural damping) the Eq (8) can be written as

(= BK__ Bon
2VKM 2

. The modal damping ratio increases as the naftegliencies increases that conclude that higher

modes are increasingly more damped than lower m@@gs

A modal frequency is mainly increased by the twasmns and this is valid for all structures, everremo
complicated ones, that is decreasing mass or isicrgatiffness [23]. This alteration effect in ttebinet system due

to mass and stiffness can be easily summarizedebRayleigh damping mechanism.
3.3. Frequency response

The validation process for the numerical simulatiormostly followed by the frequency response (FR)e
frequency response function reveals the fundamerdtlral frequency of the structure. The frequedoynain
contains the resonant peaks which correspond todaheal frequency. The most common method followedR
is the ratio of response of the structure to theuinforce. It may be acceleration, displacemernt aelocity

responses. The ratio of acceleration to the far¢he currently accepted method for model tes@4g. [
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In the dynamic frequency response, the dampingefsystem is the only governing factor to the mtagiei of
the response of the excited structure at resong@ije The behavior of a single resonant peak byftequency
response is shown in Fig. 5. The resonant peakinsagly controlled by the stiffness of the systetine related
stiffness(w?/k) increases at a slop of 2 on a log plot. Contradler the resonance, the inertaged /m) of a
mode explains the properties of the peak respdrsefrequency of the excited mode decays to theafrindrtance
which is known as mass line. The overall effecthef frequency response is governed by the stiffaagsmass of

the system [26].

Resonant Peak

-1

m
Mass Line

Acceleration/Force

Frequency
Fig. 5. Acceleration/force frequency response somance [24].
4. Resultsand discussions
4.1. Calibration of cabinet

Experimental outcomes
The natural frequencies of the cabinet from theratibn test are determined using the frequency doma
decomposition (FDD) method [27]. The FDD is a modahlysis technique which generates a system atializ

using the frequency response given multi-outpud.dihis technique involves the main steps whicHisted below:
»  Computing Power Spectral Density (PSD) maftjx(w) from the time series data as follows

Syy (W) = UW)TEW)V (w)
9)

whereZ is the diagonal matrix consists of the singulduga(s;s) andU andV are unitary matrices.

» Performing singular value decomposition of the s¢density matrices.
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» If multiple test setups are available, then averggif the singular value for all test setups amswered.

» To estimate the natural frequency Peak pickindgefdsingular values are considered.

Based on the FDD technique, the fundamental frezjasrof the cabinet in front-to-back (FB) and sideside

(SS) was obtained from the experimental test avevstin Fig.

-60

-80 - A

-1oor

i d
@ -140 ‘J
l

-160

-18

=)
=

Ist Singular values of the PSD matrix (db)
[~}
(=1
5&
2

% -200 : ' : ' : .
0 10 20 30 40 50 60 70 80
Frequency (Hz)
(a) Front-to-Back

6.

1st Singular values of the PSD matrix (db)

-60

-80

-100

-160

-180

-200

20 30 40 50 60 70 80
Frequency (Hz)

(b) Side-to-Side

Fig. 6. The fundamental frequencies of the test result.

The experimental analysis using signal processiwvgals some of the fundamental parameters for thaam

analysis. The recorded response from the acceléeomas studied and the peak picking method wapqsed as

shown in Fig. 6. The selection of peak was considédor the resonant frequencies for both FB andiig&:tion

which contain the higher modal participation ratttundamental frequencies of 14.75 Hz and 15.12 ldrew

extracted for FB and SS direction as given above.

Analytical solution

To compare the performance of the analytical sofutiith the numerical solution, a time history aiséd was

carried out using the floor response of the primsrycture. The time history and the response spe€tthe input

floor response are given in Fig. 7.
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Fig. 7. Time history and response spectra of therfiesponse.

Only the horizontal component of the floor motiwas considered. The transfer function (TF) wasrdatesd
by the response ratio for the top and bottom ofddiginet. Fig. 8 represents the TF of the two nm&dal which
15.12 Hz and 15.63 Hz were obtained for numerical analytical models. This agreement of the two etind
techniques can be regarded as a validation of thpoped method that can be used for the resporagsanof

cabinet structure.

10
— Analytical model

gt ——Numerical model
=
5
=
2
3
2 4r
§

2 L

0 \ . .

0 5 10 15 20 25

Frequency (Hz)

Fig. 8. Transfer function for analytical and nungatimodels.

4.2. Dynamic characteristics of the grouping effect

The response analysis of a single cabinet was iegghbased on the analytical, numerical and exparial

procedures. The numerical modal analysis was choti for the two selected reasons.

* Local panel excitation

» Cantilever action of the cabinet
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To make a close interpretation of the real behavi cabinets were analyzed under the same fésmonse in

X- and Y-direction. The principal modes of vibratiavere selected based on model participating ralibesl and

global modes effect.

Frequencies of different cases

>©
(==}

[N
(=}

Bl | cabinet
2 cabinets
[13 cabinets

Frequency (Hz)
[ B
(=} (=] (=]

Local
Moge s Global dir .
Pe Directt®

Y-dir

Fig. 9. Modal characteristics for the cabinets.

Fig. 9 illustrates the analysis of the cabineteystinder these considerations. In figure, the X ‘asdirections
refer to the front-to-back and the side-to-sidedions, respectively. The boundary condition ia ¥adirection is

different from the Y-direction. The high stiffnegs the X direction due to the support boundary ¢oo is

responsible for the higher frequency.

High amplitude is required for the excitation o tmainframe in the FB direction and lower amplittaexcite
the panels connected in the same direction. Calgtrétne less stiffness in the Y direction allowibg excite the
structure under the low amplitude and higher fa& planels. The effect of the boundary condition stifthess is
responsible for the change in frequency of therethin both the global and local mode of the cabias it was
investigated that support boundary conditions caactly affect the global behavior of the structyfd. The

selected mode shapes for X and Y direction forcdilever action of the cabinets and the localepdeformation

for three different cases are presented in Fig. 10.

Table3 represents the shift in the natural frequenciethi@e cases under the dynamic modification indune

the grouping effect of the cabinets.
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Fig. 10. Principal modes of vibration for three esis

Table 3

Natural frequencies (Hz) of cabinets due to grogfiect

FE Models
Directi
on 1 2 3
cabinet cabinets  cabinets
14.5 15.24 15.76
Front- 5
Back 61.8 64.74 67.77
. 5 .
4.3. Dynamic 51 5015 5161 response analysis
Side- 2
The dynamic Side 70.7 71.33 72.10 response of cabinets is
4
investigated using the experimental,

analytical and numerical techniques. Some of thexted parameters are explained for the real dynéetiavior of

the cabinet and its grouping effect under seisméitation.

Ol LAC U Zyl_ﬂbl
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Acceleration response

The sensitivity of the nuclear power plant compdrntenthe seismic acceleration is one of the hidtied
aspects of its performance evaluation. These aatrle sensitive cabinets were examined under timragpy-
secondary structure interaction using the floopoese that is recorded from the Connecticut poaartstructure
under Tabas earthquake. Parametrically calibratedk snodels were used for the simplest solution &od
understanding the increment of the mass and stéfeatities to the structural system. The accéteraesponse of
the stick model in the time domain is given in Hia. that gives a clear idea about the peak aetele decrement
due to the structural modification in the cabingttem. Increasing the number of cabinets resul significant
change in the response. Response spectra for ¢eieation response are given in Fig. 13a whichalestmates the

reduction in the peak response and the shift imeeenant frequency of the system.

Simultaneously, the 3D FEM of the system andetsreic response under the same floor excitati@ivisn in
Fig. 11b and Fig. 13b. The varying acceleratiomfithe bottom to the top of the cabinet is giverrig. 12. This
reduction in the acceleration response is duedastiuctural behavior modification that increadesihertia of the

system which is provided by the additional stiffney the increasing number of cabinets.

(a) Stick models (b) 3D models
25 T T T T T 25 T T T T ol
n —FRS

20 e u e it g 1 cabinet | 20 [ . WVW“W“’W* 1
—_ 2 cabinets —_ [
Ng 15 et — 3 cabinets| 4 Ng 15 A “"w‘ b ;:i‘r“m*';
§ 10 § 10 i
Q Q
g0 g0

St St

_10 L L L L L L L -10 L L L L L L

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time (s) Time (s)

Fig. 11.Acceleration responses of different models under ftesponse.
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—6— cabinet
1.6 +| —©—2 cabinets
—e—3 cabinets

Height(m)
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Fig. 12. Acceleration responses of the 3D model.

Response spectrum

The recorded responses for the three differentscesge transferred from the time domain to the desgy
domain using Fourier transformation that is gemgredlled the response spectra. Frequency respEpesgrum is
used to investigate the seismic dynamic charatiten§the cabinet structure. The structural madifion is studied,
and the resonant peaks for the three cases amnpedsn Fig. 13 that reflects the change in tisemant frequency
due to the grouping effect of the cabinets. Thatemtdof cabinet and a corresponding shift in taeanant peaks is
directed to the structural modification induced the stiffness of the systems. Fig.13 illustrates significant
change in the response. Considering a single calilves peak acceleration response of 23.968% was recorded.
While the peak responses of 10.5{Ys? and 6.948m/s? were recorded for the two and three cabinets eatily.
This reduction in the response was more than twediin the case of two and it increases with thmber of

cabinets.
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Fig. 13.The acceleration response spectra
Comparatively the resonant frequency modes fomglesicabinet are less damped as compared to thie mul
cabinets which can be regarded to the dampingteffevided by the increased mass and stiffness atiditional
damping provided by the grouping of the cabinetg$ponsible for the depletion observed in thereetts dynamic
response. The resonant frequency of 16 Hz was egcfmt one cabinet, a frequency shift of 4 Hz feo tcabinets
and 6 Hz for the three cabinets was recorded. dhifs in the frequency indicates the change intthal stiffness of
the system which is responsible for changing theehcoharacteristic. As the modal frequency is nyaintreased
by the two reasons and this is valid for all stmwes, even more complicated ones, that is decigasess or
increasing stiffness [23]. This increment in theginency relates to the increase in the numbertohets, indicating
a significant change in the response. It shouleshdited that for a cabinet the fundamental mode isaiways its
dominant mode. The significant mode is based ortythe of cabinet and the instruments installed tendabinet
panels that are stated as local and global mod&s [f@r instance, the significant mode for thresesawith the

dominant frequency and maximum mass participatibio are listed in Table.4.

Table4

Dynamic characteristic of cabinets
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Case Significant M odal mass Resonant
Mode Participation Frequency (Hz)
1-Cabinet Mode 3 69.55% 15.12
2-Cabinet Mode 5 68% 20.15
3-Cabinet Mode 7 69% 21.60

Transfer function

The fundamental frequency for the global mode @& tabinet was measured from the top and mid-point

response of the cabinets. Response under the dimitation was measured for the three cases andrahsfer

function was defined that relates the input exigtato the output response of the cabinet. Thenasiofrequency

varies significantly due to a change in the boupdamdition and the structural modification in tfeem of an

increasing number of cabinets. Fig. 14 shows tlif¢ ishthe resonant frequencies due to the groumfigct. This

variation of the resonant frequency and the respatecrement from one cabinet to multi-cabinets aksvé¢he

importance of considering the grouping effect & tiabinet facility in its seismic response analysis

20

Transfer function
= n

W

—1 cabinet
——2 cabinets
—3 cabinets |

5

10 15
Frequency (Hz)

20 25

Fig. 14. Transfer function from the cabinet’s respa

5. Conclusions

A systematic approach was considered for the lidgaamic behavior of the electrical cabinet thaisists of

an experimental, analytical and numerical solutiime effect of structural modification on the modhhracteristics

due to the grouping effect was investigated. A tegcal explanation was followed for a better urstiending of the

proposed solution that includes frequency respdRagleigh damping and structural dynamic modifizatiBased
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on this research some of the findings are listddvb¢hat are significant to be considered in thisrmé analysis of

the cabinet structures.

* A noticeable change in the response was observedodilhe grouping effect of two cabinets that ressil
56% depletion in the peak acceleration responsetlisdincreased up to 70% for three cabinets. This
reduction was investigated due to the structuratlification induced by the mass and stiffness of the
system. Comparatively, this change was higher batwane and two cabinets and it was lower between
two and three cabinets.

* A noticeable shift in the resonant frequency of thbinet system was observed that accounts fo%a 32
increase between a single and two cabinets, asdnitiease up to 45% for one to three cabinets Jthift
in the resonant frequencies due to the groupinectffis important, which eventually controls thepense
of acceleration sensitive electrical cabinets.

* The effect of the primary-secondary structure extéon should be considered as the seismic respafnse
the cabinet was found to be affected by the flemponse. Although the lower mass of the cabinet was
negligible as compared to the mass of the primactire.

* Based on the obtained results, it was concludetth@gaexperimental and numerical analysis of alsing
cabinet and its integration into the multi cabireta conservative approach. Both the experimemd! a
numerical solutions are needed to be tested toteptimese effects which can be eventually signifidar
an accurate seismic analysis of the electricalnzibi

» The response analysis and its outcomes are impddathe seismic evaluation of acceleration séresit
cabinets and their dynamic properties as a secprstiarcture in the nuclear industry. The futuresasion
can be considered by including the nonlinear beirasfi the cabinets and its interaction with thd soder

the grouping effects.
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