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Seismic Analysis of the Reflective Metal Insulation
for Thermal Shielding of Main Equipments of Nuclear Power Plants
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Abstract This paper deals with the seismic qualification of the reflective metal insulation for thermal shielding that
is installed on the outer surfaces of the main equipment of the primary coolant system of a nuclear power plant. A
small-scale model of the reactor pressure vessel, which has equivalent dynamic characteristics, was designed to be
tested in domestic seismic testing facilities in the future. In this study, seismic analysis of the small-scale model
installed with metal insulation was performed using equivalent static analysis and response spectrum analysis. The
required Response Spectrum for main equipment of the primary coolant system of APR-1400 plant were considered
to establish the enveloping response spectrum, which was applied to the seismic analysis model. The results from two
seismic analysis methods were compared to show the structural adequacy of the metal insulator design against a safe
shutdown earthquake. This study will form the basis for the seismic testing to support the seismic qualification of

the reflective metal insulator.

Keywords : Equipments of Nuclear Power Plant, Reflective Metal Insulation, Response Spectrum, Seismic Analysis,

Seismic Qualification
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Fig. 1. Structure of RMI(Reflective Metal Insulation)
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Fig. 2. Assembly of RMI using bracket, buckle and bolt-nut
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Fig. 4. 3D model of Reactor Pressure Vessel and the
small-scale cylindrical structure
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Table 1. Natural frequencies of Reactor Pressure Vessel
and the small-scale model

Natural frequency (Hz)
Mode
Reactor vessel Small-scale model
1 47.92 45.69
2 51.00 45.89
3 65.98 89.73
4 67.17 104.1
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Finite element modeling
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Fig. 5. Flow chart of seismic analysis

Fig. 6. Finite Element Modeling and meshing of the
small-scale model with metal insulation
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I and 2™ mode shapes of Reactor pressure
vessel and small-scale model structure

Fig. 7.

Table 2. Modal Participation Factors of small-scale model
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Table 3. Frequency-Acceleration input table (Required
Response Spectrum)

(a) X direction (E-W) X Direction (E-W) Y Direction (N-S) Z Direction (VT)
- Freq. Freq. Freq.
: Cumulative Accel. (G) Accel. (G) Accel. (G)
Mode Frequency Ratio mass fraction (Hz) (Hz) (Hz)
1 45.69 1.0000 0.9738 1.00 0.78 1.00 0.79 1.00 0.53
2 45.89 0.1634 0.9998 1.95 1.60 1.99 1.63 2.82 1.60
3 89.73 0.0005 0.9998 549 3.10 2.97 2.26 10.13 1.60
4 104.09 0.0009 0.9998 887 18.00 414 2.76 1127 1.86
> 104.56 0.0005 09998 12.10 18.00 6.67 20.00 1531 6.00
6 105.14 0.0003 0.9998 - - - - : -
— 17.26 5.24 11.19 20.00 24.39 6.00
(b) Y direction (N-S) 20.25 3.78 14.60 1039 30.00 2.00
Nl Frequency . Cmnu;ran:e 28.62 378 2145 475 35.00 2.00
aSSETACon 35.41 2.30 27.24 3.89 45.00 0.96
! 45.69 0.1635 0.2604E-01 100.00 2.00 100.00 3.10 100.00 0.77
2 45.89 1.0000 0.9998 . : . : . '
3 89.73 0.0013 0.9998
4 104.09 0.0004 0.9998
o] 3] Z2o pSRAES =
5 10456 00002 09998 [EEE344 °f eJspil 259 1f3157}F 33HzE
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(©) 2 direction (V) AR sl S9N B FE2H YL 9
Mode Frequency Ratio i:::lléji;in %“:—E ‘)l: 9 E]’ IEEE 323 [3] ]}‘1 '“}\]6]'—]—-" %l‘f H]—Oﬂ EE}
1 45.69 0.0005 0.2359E-06 2t A ET7h R g id s A
2 45.89 0.0040 0.1338E-04 S B Azl AL AF|end AAA SR 152
3 89.73 0.0015 0.1528E-04 : : B
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Table 4. Result of equivalent static analysis

Direction Acceleration Item Maximum | Yield stress
+10% (G) stress (MPa) (MPa)
Buckle 76.22
o1 X (E-W) 2.20
o 10 100 Bracket 50.04
Buckle 164
X-Dir (E-W) Y (N-S) 3.41 215
o Bracket 80.86
Buckle 7.33
Z (V1) 0.85
. Bracket 6.03

— Reactor vessel
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Fig. 8. Frequency-Acceleration graph (Required Response
Spectrum) T
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Fig. 10. Result of response spectrum analysis and static
structure analysis
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