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Abstract: In this study, the safety of a rack structure was evaluated through seismic analysis considering fluid-structure
interactions using a finite-element model. The rack structure was immersed under water, so it was influenced by the
water. The fluid-structure interaction can be specified in terms of the hydrodynamic effect, which is defined as the
added mass per unit length. Modal analysis and seismic analysis using the Floor Response Spectrum (FRS) were carried
out under Operating Basis Earthquake (OBE) and Safe Shutdown Earthquake (SSE) conditions. The analytical
maximum displacements of the rack structure were 0.29 and 0.36 mm under OBE and SSE conditions, respectively. The
maximum stresses were 17.9 MPa under OBE conditions and 19.6 MPa under SSE conditions; these results
corresponded to 23 % and 14% of the yield strength of the applied material, respectively.
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Fig. 1 Model of temporary rack paddle
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Table 1 Damping value according to Earthquake load
conditions(%)"'?

Structure or

OBE or 1/2 SSE SSE
component

Equipment and large
diameter piping
systems, pipe 2 3
diameter greater than
12 in. ..

Small-diameter piping
systems, diameter
equal to or less than
12 in. ..

Welded steel
structures
Bolted concrete
structures
Prestressed concrete
structures

el i g el A

23 AL Ax=29| oM
Aol A e FAE QAR
of A =Hm, A7lo] WAEAS
Jol| o3 743 ool A P2
gafjof gtk A FHoll EA
S A Qe FA Ui w1
% AERE} GFge W Ao 72
fAle] WEst e WER T o)

AeFet egnes A

WA AR, G EAGE FER2ES

A}

dif

)

[m
u

il
i

4
p E R
R
oy
4
_OL
T o8«

Jki o X,
tlo d
o
o
=2
rlr
=
Ho

¢

of

_{

N off

ofk

__)in“
19 qglo
X
ot
tlo
-
>,
]
w
£Q
N
£
M
=2
o
)
by
ofo

2 o o o 1 Jo o oo 8 2

R S DS S U S S Y DI MR AY == L.
1.8 :
1.6 ]
w
[
= 14
=]
= 1.2
z
S "1
2 os
o i
E 06
[T
Q 04
I ]
0.2
004 R — ..
0.01 0.1 1
PERIOD IN SECONDS
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Fig. 3 Floor spectra of SSE for vertical response
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Table 2 Added mass coefficients of rectangular beam

a/b Added mass
coefficients
0.1 2.23
0.5 1.70
1.0 1.51
2.0 1.36

Table 3 Added mass coefficients of rectangular beam

b/ Added mass
a coefficients
1.0 0.5790
1.25 0.6419
1.59 0.7038
2.0 0.7568
2.5 0.8008
b -
b —_
p h // J{t /
l
b T
v l l
b

t<<a

(a) Rectangular beam (b) Rectangular plate

Fig.4 Description of body
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Table 4 Natural frequency of temporary rack paddle

Mode sequence Frequency
number (Hz)
1 33.311
2 35.711
3 39.050
4 39.204

Fig. 6 Mode shape of temporary rack paddle; (a) Ist
mode shape, (b) 2nd mode shape, (¢) 3rd mode
shape, (d) 4th mode shape
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