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Seismic Fragility Analysis of Base Isolated NPP Piping Systems
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/] ABSTRACT /

Base isolation is considered as a seismic protective system in the design of next generation Nuclear Power Plants (NPPs). If seismic
isolation devices are installed in nuclear power plants then the safety under a seismic load of the power plant may be improved. However,
with respect to some equipment, seismic risk may increase because displacement may become greater than before the installation of a
seismic isolation device. Therefore, it is estimated to be necessary to select equipment in which the seismic risk increases due to an
increase in the displacement by the installation of a seismic isolation device, and to perform research on the seismic performance of each
piece of equipment. In this study, modified NRC-BNL benchmark models were used for seismic analysis. The numerical models include
representations of isolation devices. In order to validate the numerical piping system model and to define the failure mode, a quasi-static
loading test was conducted on the piping components before the analysis procedures. The fragility analysis was performed by using the
results of the inelastic seismic response analysis. Inelastic seismic response analysis was carried out by using the shell finite element
model of a piping system considering internal pressure. The implicit method was used for the direct integration time history analysis. In
addition, the collapse load point was used for the failure mode for the fragility analysis.
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Fig. 1. The procedure of seismic fragility analysis
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Fig. 3. Modified Benchmark model No.4
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Table 1. Description of Numerical Model

Fundamental Natural

Elements
Frequency

Remarks

Primary Structure | 8.92 Hz

Beam and Lumped Mass

Lumped Mass : 17150kN
Poisson's Ratio : 0.2
Elastic Modulus : 21GPa

Piping System 4.77 Hz Shell

Poisson's Ratio : 0.3

Elastic Modulus : 204GPa

External Diameter : 323.85mm
Thickness : 10.1mm

Radius : 457.2mm

Damping ratio : 4%(Rayleigh damping)

Isolator 0.50 Hz Spring/Dashpot LDR(Low-damped Rubber bearing) + Linear viscous damper
Table 2. Natural frequencies of primary structure
=L
Mode Frequency [Hz] Direction mm
1 0.50311 X
2 0.50311 z
3 8.9105 z &
4 8.9105 X
5 19.592 Y
Table 3. Natural frequencies of piping system Fig. 5. Elbow specimen drawing
Mode Frequency [Hz] Direction
1 4772 z 200
2 8.726 z
3 17.050 X 150 + P Ay ppw.
4 17.820 X %" RZ ~0999
5 22.797 z & 100
[)]
o
D
Table 4. Description of elbow specimen %01 Young's Modulus : 203,509 MPa
- Test Raw Data : Specimen 3
Outer diameter 323.85mm Least Squares Fit
. 0 T T T T
Thickness 9.5mm 0.0000 0.0002 0.0004 0.0006 0.0008 0.0010
Elbow radius 457.2mm Strain
Length of straight pipe Part 1 950 mm Fig. 6. Estimation of modulus of elasticity
Length of straight pipe Part 2 1000 mm
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Fig. 8. Numerical model of elbow component
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Table 5. Cases of the elbow component tests

Test No. Type Pressure Load / Mode Note
Yes Pressure Load OMPa to 7Mpa
1 Elbow - -
No Monotonic / Closing mode 150mm
2 Elbow No Monotonic / Closing mode 150mm
3 Elbow No Monotonic / Opening mode 150mm
4 Elbow No Cyclic 8mm to 128mm
5 Elbow No Cyclic 8mm to 128mm
6 Elbow No Cyclic 8mm to 250mm
Regeression line , ) Collapse limit line Table 6. Input ground motions
_// 4 Earthquake Station | Inter/Intra | Mw | Distance [km]
// /Co‘hapse load point Nahanni S3 Intra 6.76 5.32
y . Twice-Elastic-Slope Superstition Hills-02 ICC Inter 6.54 18.2
g} / 7 Northridge PKC Inter 6.69 7.26
8 / ’
9 ¢ , Kobe KJMA Inter 6.90 0.96
/ Chi-Chi, Taiwan TCUO072 Inter 7.62 7.03
4 d 18
7 | = Target
4 164 Nahanni
4 ||—— Superstition Hills-02|
1.44 Northridge
] Kobe
Strain or Displacement 4. [ Chi-Chi, TCU 072,
Fig. 11. Collapse load point . 104
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Analysis step and loading condition
Step 1 : Static analysis
- Internal pressure
Step 2 : Dynamic analysis
- Direct integration
- Implicit method
Time increment : 1/64 sec
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Fig. 13. The procedure for calculating seismic fragility
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Table 7. Standard deviation of uncertainty

Log-normal Standard
Deviation
Log-normal Standard Deviation of Capacity, (¢ 0.05
Log-normal Standard Deviation of Resistance, Gz 0.13
Standard Deviation of Uncertainty, 5 0.14
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