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Shear strain , y (log scale)
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Kuhlemeyer-s-(1969, 1973)°] A|A] st %= 57 7 7l (standard viscous damper)
of ot THFAAENA WAkake] ofs WAdsk= ARE A
(particle motion) ¥} &2 th=3 Tt

o(t) = pv, W(t) 7(t) = pv u(t) (2.19)
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04 Imperial Valley earthquake (1940, El Centro site, NS)

peak = 0.3569 g, Duration = 53.72 sec
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Special cases
(1) Average acceleration method (y = {; B
(2) Linear acceleration method (y = % B=

1
)

Il

N

1.0 Initial calculations
1Al g = po — clp — kuo.
m
1.2  Select At.
p Y
1.3 k=k+—c+——m.
Bar " B
| y 1 y
14 a=—m+ —=ciandb=—m+At|——1])c.
B At B 2B 2B

2.0 Calculations for each time step, i

2.1 Api = Api + au; + bii;.

A’*.
T P
k
; Y VAT i i
23 Auj=——Au;j — =i + At |1 — =—)ii;.
1 ﬂA[ 1 ﬂl ( 2,3)1
24 Alij = ——Auj — —i; — —ii;.
BTV RV VAT

25 Uiy =ui 4+ Auj iy =i + Autg, diiyy = Ui + Ali;.

3.0 Repetition for the next time step. Replace i by i + | and implement steps 2.1 to 2.5 for the
next time step.

Z1% 20 Newmark’s method:linear system[1]

1.2 RE3A
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E 2 ANgEHAAA A BA u FHATHP-20)

Output
Input
EW NS VT
H y Vs g G g G 3 G g
(ft) | (kcf) | (ft/s) (ksf) (ksf) (ksf)

1.64 | 0.121 | 1382 | 0.05 | 7174 | 0.006 | 7071 | 0.012 | 7066 | 0.012
3.29 | 0.121 | 1382 | 0.05 | 7039 | 0.013 | 6653 | 0.023 | 6638 | 0.024
3.29 | 0.121 | 1191 | 0.05 | 4985 | 0.022 | 4462 | 0.036 | 4442 | 0.037
3.29 | 0.121 | 1191 | 0.05 | 4880 | 0.025 | 4119 | 0.046 | 4101 | 0.047
3.29 | 0.121 | 1234 | 0.05 | 5126 | 0.028 | 4233 | 0.051 | 4234 | 0.051
3.29 | 0.121 | 2457 | 0.05 | 21873 | 0.016 | 20478 | 0.027 | 20527 | 0.027
3.29 | 0.134 | 2457 | 0.05 | 24854 | 0.007 | 24274 | 0.012 | 24341 | 0.012
3.29 | 0.134 | 2457 | 0.05 | 24791 | 0.008 | 24062 | 0.013 | 24149 | 0.013

OBE 428 | 0.162 | 2293 | 0.05 | 26139 | 0.008 | 25199 | 0.011 | 25245 | 0.011
6.58 | 0.162 | 2293 | 0.05 | 26013 | 0.008 | 24978 | 0.012 | 25030 | 0.012

6.58 | 0.162 | 3276 | 0.05 | 53543 | 0.007 | 52021 | 0.010 | 52126 | 0.010

6.58 | 0.162 | 3599 | 0.05 | 64641 | 0.007 | 62834 | 0.010 | 62979 | 0.010

6.58 | 0.162 | 3599 | 0.05 | 64550 | 0.007 | 62541 | 0.011 | 62699 | 0.010

6.58 | 0.162 | 4003 | 0.05 | 79940 | 0.007 | 77628 | 0.010 | 77813 | 0.010

6.58 | 0.162 | 3155 | 0.05 | 49142 | 0.009 | 47103 | 0.012 | 47257 | 0.012

0.174 | 3155 | 0.05 | 53789 | 0.050 | 53789 | 0.050 | 53789 | 0.050

1.64 | 0.121 | 1382 | 0.05 | 7069 | 0.012 | 7171 | 0.006 | 7172 | 0.006

3.29 | 0.121 | 1382 | 0.05 | 6645 | 0.023 | 7013 | 0.014 | 7025 | 0.013

3.29 | 0.121 | 1191 | 0.05 | 4450 | 0.037 | 4965 | 0.022 | 4971 | 0.022

3.29 | 0.121 | 1191 | 0.05 | 4094 | 0.047 | 4861 | 0.026 | 4866 | 0.026

3.29 | 0.121 | 1234 | 0.05 | 4205 | 0.052 | 5121 | 0.028 | 5129 | 0.028

3.29 | 0.121 | 2457 | 0.05 | 20414 | 0.027 | 21863 | 0.016 | 21910 | 0.016

3.29 | 0.134 | 2457 | 0.05 | 24242 | 0.012 | 24848 | 0.007 | 24872 | 0.007

SSE 3.29 | 0.134 | 2457 | 0.05 | 24034 | 0.013 | 24784 | 0.008 | 24816 | 0.007

428 | 0.162 | 2293 | 0.05 | 25185 | 0.011 | 26135 | 0.008 | 26153 | 0.008
6.58 | 0.162 | 2293 | 0.05 | 24949 | 0.012 | 25997 | 0.008 | 26049 | 0.008
6.58 | 0.162 | 3276 | 0.05 | 52001 | 0.010 | 53534 | 0.007 | 53569 | 0.007
6.58 | 0.162 | 3599 | 0.05 | 62841 | 0.010 | 64622 | 0.007 | 64675 | 0.007
6.58 | 0.162 | 3599 | 0.05 | 62571 | 0.011 | 64525 | 0.008 | 64585 | 0.007
6.58 | 0.162 | 4003 | 0.05 | 77689 | 0.010 | 79903 | 0.007 | 79980 | 0.007
6.58 | 0.162 | 3155 | 0.05 | 47163 | 0.012 | 49073 | 0.009 | 49225 | 0.008
0.174 | 3155 | 0.05 | 53789 | 0.050 | 53789 | 0.050 | 53789 | 0.050
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Pipe(mm) Oo.D Thickness
Stack 979.2 46
TT— H B t1 | t© r
(mm) 588 | 300 | 12 | 20 | 28
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Frequency TRAN-X TRAN-Y TRAN-Z
Mode fo (cycle/sec) | MASS(%) | SUM(%) | MASS(%) | SUM(%) | MASS(%) | SUM(%)

1 5.475 46.29 46.29 0 0 0 0

2 12.723 0 46.29 2.41 2.41 0 0

3 13.412 0 46.29 0 2.41 49.21 49.21
4 15.531 0 46.29 33.59 36 0 49.22
5 17.769 0.01 46.31 0 36 0 49.22
6 17.820 3.77 50.08 0 36 0 49.22
7 18.611 0 50.08 0.01 36.01 0 49.22
8 24.780 0 50.08 0 36.01 8.06 57.28
9 30.443 0 50.08 0 36.01 0.02 57.3
10 36.633 8.49 58.56 0 36.02 0 57.3
1 47.775 0 58.56 56.55 92.57 0 57.3
12 73.309 0.01 58.57 0.11 92.68 0 57.3
13 80.572 0 58.57 6.8 99.48 0.02 57.33
14 107.543 40 98.57 0 99.48 0 57.33
15 125.492 0 98.57 0 99.48 28.03 85.36
16 174.835 0 98.58 0 99.48 0 85.36
17 177.907 07 99.28 0 99.48 0.21 85.56
18 263.500 0.01 99.29 0 99.48 3.37 88.93
19 290.444 0 99.29 0 99.49 0.04 88.97
20 349.221 0 99.29 0 99.49 0 88.98
21 364.856 0.16 99.45 0 99.49 1.17 90.15
22 375.366 0 99.45 0.29 99.78 0.01 90.16
23 399.303 0.01 99.45 0 99.78 0.13 90.29
24 416.004 0 99.45 0.01 99.79 0.01 90.3
25 447.474 0.01 99.46 0 99.8 0.43 90.73
26 449.062 0.14 99.6 0 99.8 6.74 97.47
27 480.247 0 99.6 0.02 99.81 0 97.47
28 509.072 0 99.6 0 99.81 1.15 98.63
29 535.416 0.15 99.75 0 99.81 0.06 98.68
30 568.268 0.01 99.76 0 99.81 0.12 98.81
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MIDRS/Gen
BOST-PROCESSOR

ELN STS/PLT STRS

SIC-EFF TOP
5.8656224001
5.33288e4001
4,80009e+00L
4.26730e4001
3.73450e4001
3.20171e+001
2.6629224001
2.13612e4001
1.60333e+00L
1.0705424001
5.37746e4000
4,95315e-002

DATE: 11/21/2017
VIER-DIRECTION

0.483 t

MIDAS/Gen
BOST-FROCESSOR

BLN SIS/PLT SIRS
SI8-EFF TOP
5.43135e+00L
4.9326424001
4.44594e4001
3.95324e4001
3.4605424001
2.96723e4001
2.47513e+00L
1.9224324001
1.4897204001
2.97020e+000
5.04317e+000
1.16144e-001

RS: EY
WK 9
MIN : 220
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1.3398624002
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T
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Pp——
————
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p———
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P
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p——
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MIN : 254
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.00000e+000

z: 0.289
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3
3

2.
2.
2.
1.
1.
1.
.
3.
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739 (SSE)

MIDRS/Gen
BOST-PROCESSOR
BEAM STRESS
COMBINED

9.28743e4004
.44311e4004
.59880e+004
7544924004
9101204004
06587e+004
2215624004
3772504004
53233e+004
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Abstract

Seismic analysis of CFVS building

Dae—Young, Lee
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

This study carried out the following sequence of tasks to calculate the seismic
loads of CFVS(Containment Filtered Venting System) Building(seismic category I)
in the nuclear power plant.

First, the artificial ground acceleration was generated based on the design basis
response spectra given in NRC RG 1.60.

These results had the maximum acceleration of 1.0g and were calibrated to comply
with the requirements of the Operating Basis Earthquake(OBE) and the Safe
Shutdown Earthquake(SSE) of NPP.

The ground response analysis was conducted to calculate the amplitude of seismic
waves and the conversion of soil properties while waves were passing through the
soil layers.

The Soil-Structure Interaction analysis was conducted using the ground
acceleration time history of the free surface and the modified soil properties by the
equivalent linear analysis, which was the result of the ground response analysis.

In other words, the acceleration time history generated from the bedrock had a new

acceleration time history on the foundation basis, passing through two
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amplification processes (Ground Response Analysis, SSI).

The acceleration time history derived from the results of the SSI analysis was
converted to the floor response spectrum through the broadening process. Based on
this floor response spectrum as the design criteria, the stresses applied to the CFVS

building were calculated by response spectrum analysis method.

Keywords : Seismic category I, Artificial earthquake, Ground
response analysis, Soil—Structure Interaction, Response spectrum
analysis

Student Number : 2016—22247
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