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Evaluation of Seismic Fragility Curve of Seismically Isolated Nuclear
Power Plant Structures for Artificial Synthetic Earthquakes
Corresponding to Maximum-Minimum Spectrum
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/] ABSTRACT /

In order to increase the seismic safety of nuclear power plant (NPP) structures, a technique to reduce the seismic load transmitted to the
NPP structure by using a seismic isolation device such as a lead-rubber bearing has recently been actively researched. In seismic design
of NPP structures, three directional (two horizontal and one vertical directions) artificial synthetic earthquakes (GO group) corresponding
to the standard design spectrum are generally used. In this study, seismic analysis was performed by using three directional artificial
synthetic earthquakes (MO group) corresponding to the maximum-minimum spectrum reflecting uncertainty of incident direction of
earthquake load. The design basis earthquake (DBE) and the beyond design basis earthquakes (BDBEs are equal to 150%, 167%, and
200% DBE) of GO and MO earthquake groups were respectively generated for 30 sets and used for the seismic analysis. The purpose of
this study is to compare seismic responses and seismic fragility curves of seismically isolated NPP structures subjected to DBE and BDBE.
From the seismic fragility curves, the probability of failure of the seismic isolation system when the peak ground acceleration (PGA) is 0.5
g is about 5% for the MO earthquake group and about 3% for the GO earthquake group.

Key words: Lead-rubber bearing (LRB), Seismic fragility curve, Beyond design basis earthquake, Maximum-minimum spectrum
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Fig 1. Typical model of seismically isolated nuclear power plant
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(a) simplified beam-stick model (SAP2000)

(b) analytical model by OpenSEES

Fig. 2. Analytical modeling of seismically isolated nuclear power plant
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Fig. 3. Lead Rubber Bearing

Table 1. Design property of LRB (per each unit)

Model Parameter Value

K, (elastic stiffness)

3.191 < 10% kN/m,

Bi-Linear K, (second-slope stiffness) 2.494 < 10" kN/m
LRB Model @, (characteristic strength) 5.865 < 10° kV
F, (yield strength) 5.911 X 10° kV
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Fig. 4. Typical example of acceleration orbit of a 2-degree-of
freedom system used to compute maximum-minimum
spectra (TCUQO72 acceleration record[5] is used)
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Fig. 9. Comparison of maximum displacements of lead rubber bearing and relative displacements containment building subjected to 100%,

150%, 167%, 200% Design Basis Earthquakes

Table 3. Comparison of mean value of maximum displacements(D, ;) of lead rubber bearing and relative displacements (D, inment)
containment building subjected to 100%, 150%, 167%, 200% Design Basis Earthquakes

Earthquakes Dynp (em) Dipp— D gntainmens (€M) ) ontainment — M0
GO MO Dipp—ao GO MO containment — GO
100% DBE 18.684 28.207 1.51 0.686 0.779 1.14
150% DBE 37.316 54.506 1.46 0.817 1.081 1.32
167% DBE 44244 64.316 1.45 0.900 1.207 1.34
200% DBE 58.304 83.236 1.43 1.044 1.471 1.41
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Table 4. Comparison of ratio of seismic responses of Beyond Design Basis Earthquake(150%, 167%, 200% DBE) to those of Design Basis

Earthquake
D - /D - D(‘Orl atnment — /D(’(HL arnment —
BDBE LrB- BDBE YLRB- DBE ont t—BDBE Peont .nt— DBE
GO MO GO MO
150% DBE 2.00 1.93 1.19 1.39
167% DBE 2.37 2.28 1.31 1.55
200% DBE 3.12 2.95 1.52 1.89
140 I I 140 I I
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Fig. 10. Comparison of acceleration responses of seismically isolated NPP containment structure subjected to 100%, 150%, and 167%

design basis earthquakes
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Table 5. Definition of Damage States of LRB

Maximum Lateral
Damage State Shear Strain () of LRB| Displacement (\) of
LRB
Slight Damage (Ds,) ~ > 100% A>0210m
Moderate Damage (D) ~ > 150% A>0315m
Extensive Damage (D, ) ~ >200% A>0420m
Collapse Damage (D, ) ~ > 400% A>0.840m
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Table 6. Median(c,) and common standard deviation(() of fragility curves of LRB

GO0 MO
Damage State
S S ¢
Slight 0.4367 0.3888
Moderate 0.5306 0.5000
Extensive 0.6510 0.3790 0.5020 0.4060
Collapse 0.9837 0.9245
1 ; N L L s - B N
T ] e AngTel BRI mefshs Ak A4 AR e gh3sh=Mo
o T 1 AHAES A8slel parwon wald YdTeEe] AXgHT)
goe - / T ANHekE s Saelel tha Tt g AR S AYn
g0 7
w© U/ — —
£
®
208 7 1) GOLFMO AR5 22 3070 AJEo] thgh A Adt2E9]
£
Fos - - HSLg RO R e thiiie] MolSEhe MAA} eele], 2
g 04— Sight (G0) — :IL}—%QJ 6]‘%“‘?‘9}%}%‘?‘94 )EDPEH&‘I?_]. ]ﬁ%i]'o]% E-Z] (1)5‘—3 g ?:_!’-/F
- —  —— Moderate (G0) ol
=03+ — - — Buensive (G0) | | Mq—
e I 2 L Collapse (GO}
Soal =g | 2) EEAHEH] TSR GO 27118 Hlate] 1|7e] uhape)
o - - ensive = =1 S 5 =
Y /A s e | BIHIAS IR H o 24 2HE o] hSSHE MO X|H1EC
. ! ! ! AR-go] WA eF AdT2a9] WS golA 22 40~50%,
0 14 18 18 2 2

PGA (9)

Fig. 14. Comparison of Seismic fragility at the LRB subjected to GO
and MO group earthquakes
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