Nonlinear Seismic Response Analysis of APR 1400 MS Line
of Base—Isolated NPP
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Material properties
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Piping system

Specifications of piping system

Pt . D t
- | . Location D/t
<. 3 s (mm) | (mm)
/ Turbine building | 705.79 27 26.14
) . - _ 764.72 8.1 20.07
o Turbine building N Auxiliary building 6 3 0.0
(Non-isolated) 1458.11 | 59.54 24.49
Analysis step Internal pressure
< ' > )
o A Location Pressure (MPa)
= \(\"e‘(\ N\ RN
§ Q@ge q—,%i,&\e Turbine building 8.78
Auxiliary build 11.57
uxiliary building
Time g 9.39
Hoop L.
direction Seismic wave
(floor relative dipsplacement)
Input location of Magnitude Earthquake PGA (g)
seismic wave 6.2 |Superstition Hills—01
® 100 ft 6.6 San Fernando 0.1, 0.3,
® 120 ft 7.1 Duzce, Turkey (1)(5) ?Zg
7.5 Kocaeli, Turkey ' 15 ’
® 1375 ft 7.9 Denali, Alaska
_ _ VA Reyleigh damping
Amplitude input
direction a= 2.27552
p=7.031x104
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Boundary condtions
Location
Support ID Building | Elevation
uilding
(mm)
A1~A7,
A9 A17,A19, Auxiliary | 42,589
A 21~A 26
AP 1~AP 4 Pedestal | 42,589
A13,A14 Auxiliary | 41,067
A8 A1 o
A ? 8 AgO Auxiliary | 39,446
A11,A15 Auxiliary | 38,417
A12,A16 Auxiliary | 37,427
M1, M2 Auxiliary | 32,309
TP 1~TP 2 Pedestal | 45,415
TP3~TP 4 Pedestal | 41,300
T1~T4 Turbine | 32,181
T5~T8 Turbine | 35,929
Mode f Natural Participation factors
No. |Trequency
' (Hz) X Y Z
1 896 |-3.43e-2| 0.985 | 0.298
Z 2 9.15 1.90 | 3.00e-2 | 8.88e-2
A 3 1443 |-1.73e-3| -0.67 1.48
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Analysis results

Stress—strain relationship (PGA 1.59)

Ef

Finite element analysis results

Max. o
1000 | | 800 Mag. E PGA E Max.
— | ag Q GA (g)| Energy | Max. € (MPa)
coo 0.10 | 0.0007 | 0.001 | 164.65
= — - 00| 0.30 | 0.0026 | 0.001 | 295.17
s S 200} Superstition 0.60 | 0.1483 | 0.002 | 399.41
g 8l 62 | >0 | 0.75 | 45273 | 0.011 | 454.70
& A A | 1.00 | 15.578 | 0.023 | 494.35
-500 f | ' 1.25 | 41.777 | 0.044 | 578.66
- 400 1.50 | 105.49 | 0.082 | 874.56
-1000 ' ' . ' ' -6000 0 03 0.06 01 0 00007 0001 1 4990
-0.02 0 0.02 0.04 0.06 0.08 0.1 0.0
Strain [e] Stram [E] 0.30 | 0.0000 | 0.001 | 220.41
San 0.50 | 0.4456 | 0.002 | 380.91
6.6 Fernando 0.75 | 3.9116 | 0.010 | 461.18
1.00 | 12936 | 0.022 | 496.79
1000 1000 1.25 | 30.410 | 0.034 | 564.46
1.50 | 51.047 | 0.052 | 645.91
500 | 500 0.10 | 0.0000 | 0.001 | 148.87
= © ' 0.30 | 0.0005 | 0.001 | 213.43
=l = Dugce. | 0:50 | 0.1896 | 0.002 | 386.30
8 $ 74 | .o [ 075 | 2.9411 | 0.008 | 453.45
N, 5 | Y [71.00 | 12.865 | 0.022 | 491.83
— | 1.25 | 22.645 | 0.036 | 573.63
1.50 | 75.960 | 0.070 | 789.42
1099 002 o00a o006 00t %02 o ooz 006 008 0.10 | 0.0005 | 0.001 | 149.98
Strain [€] Strain [e] 0.30 0.0015 0.001 333.35
Kocaell 0.50 | 0.6479 | 0.003 | 386.88
1500 7.5 Turkey, 0.75 | 44118 | 0.010 | 458.19
000l —— Mag. 6.2 (Superstition hills—01) 1.00 | 17.233 | 0.027 | 515.66
1.25 | 58.902 | 0.050 | 651.95
5 50| — Mag. 6.6 (San fernando) 1.50 | 92.879 | 0.071 | 791.50
= 0.10 | 0.0001 | 0.001 | 141.48
5 [ j Mag. 7.1 (Duzce, Turkey) 0.30 | 0.0007 | 0.001 | 211.03
& -500 . . 0.50 | 0.0979 | 0.002 | 400.30
L d Mag. 7.5 (Kocaeli, Turkey) 79 | Sonal 7075 | 48860 | 0.010 | 469.95
—— Mag. 7.9 (Denali, Alaska) 1.00 | 29.401 | 0.033 | 565.06
1500 — . o y e 1.25 | 87.592 | 0.062 | 739.51
| Strain[e] | 1.50 | 189.59 | 0.102 |1130.00
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© I : I
m i | $ |
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i stress : @ : i
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