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Seismic Input Generation Method and Strong Ground Motion Duration
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/] ABSTRACT /

In this paper, firstly, acceleration-time histories were generated by varying strong motion duration in the frequency domain for application
to a seismically isolated nuclear power structure, so as to examine the effects of strong motion duration on the behavior of the structure.
Secondly, real recorded earthquakes were modified to match the target response spectrum based on the revised SRP 3.7.1(2007) and the
modified time histories were applied to the analysis of a seismically isolated nuclear power structure. The obtained values of acceleration
and displacement responses of the structure were, finally, compared with the values obtained in case of applying acceleration-time

histories generated in the frequency domain to the structure.
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Fig. 1. Envelope Functions used for Time History Generation
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Fig. 2. Analytical Model and 1st Mode of a Seismically Isolated
Nuclear Power Structure [10]

Table 1. Strong Motion Duration and Envelope Function Parameters for Each Case

" tr (sec) tm (sec) tq (sec) Ta (sec) Number of At (ms)
Trap. Comp. Trap. Comp. Trap. Comp. Trap. Comp. Data Trap. Comp.
6.0~6.5 1 1.5 7 5 11.6 13 20.1 4,096 32 4.9
6.5~7.0 1.5 21 10 7 16.6 18.5 28.8 8,102 23 3.5
70~75 2 2.8 13 9 21.6 24 374 29 4.6

3 Varying Total Duration(T4) affects the Time Interval(At) because of the Limit to the Number of Data(2")
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Table 2. Input Parameters for the Bi-linear Model of an Isolator [10]

T=2sec | p=20% Remark
Ker (kN/m) | 22,516 Force
Dy (mm) 8 E
Qq (kN) 1,084 Qal’ r ,4«;{{’
Ko (kNim) | 15,029 splocemens
Ko (kN/m) | 150,293 DV// D
F, (kN) 1,204 V
K, (kN/m) | 8,051,424

Table 3. Modal Analysis Results of the Seismically Isolated Struc-

ture [10]
Mode Period Modal. Participati.ng Mass Ratio Mode Shape
(sec) | x Dir. y Dir. z Dir.
1st | 1.987 0.999 1.09E-6 | 8.23E-12 Translation x Dir.
2nd | 1.985 | 1.09E-6 0.999 4.33E-15 y Dir
3rd | 0.183 | 8.68E-15 | 2.32E-6 | 3.91E-13 Rotation Axis x
4th | 0.182 | 2.77E-6 | 1.92E-14 | 1.32E-09 Axis y

Table 4. Evaluation of the Effect of the Time Interval on Structural

Responses
Displ. (cm) Acc. (g)
No. At=3.5 At=7.0 At=3.5 At=7.0
(ms) (ms) (ms) (ms)
1 10.4 0.159
2 13.1 0.169
M 6.5-7.0
(10 sec) 3 13.9 0.167
4 14.0 0.167
5 14.3 14.2 0.169

Table 5. Comparison of Acceleration and Displacement Responses by Varying Strong Motion Duration

No. Displ. Acc. No. Displ. Acc. No. Displ, Acc. Min, / Max. (Mean)
(cm) (g) (cm) (9) (cm) (9) Displ. (cm) | Acc. (g)
1 13.9 0.153 11 11.9 0.144 21 13.7 0.165
2 14.4 0.157 12 12.5 0.148 22 9.7 0.129
3 14.4 0.165 13 12.8 0.151 23 9.8 0.131
4 12.3 0.139 14 13.2 0.155 24 10.0 0.134
M 6.0-6.5 5 12.4 0.145 15 135 0.158 25 10.2 0.136 9.7/144 |0.129/0.165
(7 sec) 6 12.0 0.148 16 13.9 0.162 26 10.4 0.136 (12.5) (0.149)
7 11.6 0.146 17 13.8 0.163 27 12.6 0.160
8 11.4 0.135 18 13.7 0.164 28 14.3 0.152
9 11.2 0.136 19 13.4 0.164 29 12.8 0.143
10 115 0.141 20 13.7 0.165 30 12.9 0.144
1 10.4 0.159 11 12.2 0.160 21 11.2 0.136
2 13.1 0.169 12 12.3 0.160 22 10.6 0.154
3 13.9 0.167 13 12.2 0.160 23 8.5 0.130
4 14.0 0.167 14 16.6 0.176 24 10.7 0.141
M 6.5-7.0 5 14.3 0.169 15 16.5 0.178 25 9.5 0.134 8.5/16.6 |0.130/0.178
(10 sec) 6 15.1 0.166 16 11.6 0.135 26 16.5 0.178 (12.7) (0.154)
7 145 0.161 17 11.4 0.138 27 125 0.139
8 13.3 0.157 18 10.6 0.142 28 13.6 0.151
9 13.2 0.157 19 1.3 0.139 29 145 0.156
10 12.1 0.158 20 11.8 0.140 30 1.6 0.135
1 10.3 0.142 11 11.2 0.150 21 10.6 0.144
2 1.7 0.135 12 11.1 0.151 22 10.9 0.145
3 13.2 0.159 13 1.1 0.158 23 115 0.147
4 13.9 0.166 14 11.4 0.161 24 115 0.148
M7.0-75 5 14.2 0.167 15 1.7 0.158 25 1.3 0.152 10.3/142 |0.135/0.167
(13 sec) 6 11.2 0.147 16 1.7 0.154 26 1.1 0.153 (11.5) (0.151)
7 10.3 0.140 17 11.6 0.150 27 1.1 0.151
8 12.8 0.153 18 115 0.149 28 11.0 0.151
9 12,5 0.155 19 11.4 0.149 29 10.9 0.149
10 12.0 0.153 20 1.3 0.148 30 10.7 0.148
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Fig. 13. Determination of Strong Motion Duration(tm) based on

SRP 3.7.1[13] using A.I(Arias Intensity)

Table 7. Parameters used to determine the Envelope Functions
based on Modified Acceleration Time Histories

tr tm ta Ta | Number| At
(sec) | (sec) | (sec) | (sec) | of Data| (ms)
Based on Chi-Chi 3.1 14.4 23.9 41.4 8,192 5.0

Based on
CapeMendocino

1.1 5.2 8.6 14.9 4,096 3.6

5.3 Q2SS MAMHol B 2E

RG1.60[14] 2HEHS] & 57| FZELCE QI8 A Tty Y
of|A] =3 AU E L H3lsl= g Hol= 4 =
otk 2 FRe Aol A= AHER Y] A Sulas o] A Fteh= 28
O] PAKIIRE HAFRE 7IG T Aol S EE5151 o, o] ti-85kes
i QJelolH U AL ARES 2 AR 1072 A9 5
7)) 71 Al7tolEE o] 85kt

RAIT8] 79, Table 20149} 2o] 3] 50| W3]
Ofaf) F-Em IR T3] 5FT1E A BE o] o] 82 B
ARk N ] S AU E RS AFes] R B o= g
ZA0R AlmREL, SAA 07 FupgdoA AP Y51
A2 H|nE fl8f AFukas A HaE AU EYS RS S Qe
2789] A1}t 2-E-5H3ick

ERETho] A7 E-2 A dsto] Se] WE S ateshe Al St
4= hE AlsHA 15 Pass 2 LHro] R AR EHof| 717 2 Bateh= o
A Alto|EE APgsted ajAdof A8k A o= B3t

H|AE AzkolEaljA] 4=30A], 7HRIRR 741X
SUsHA A Fotgol 7P E X ko=t 285
Table 83} 2t}

&,

193



E3 H925) | July 2013

Table 8. Comparison of the Acceleration and Displacement Responses of the Top Points of the Structure

. . . Analysis Results
Time History Generation Method - - Remark
Displacement (cm) Acceleration (g)
Artificial based on Chi-Chi 1.3 0.153* *Average Responses
. 11.6 0.148 )
(Freq. Domain) based on Cape Mendocino 11.8* 0.143* of 5 Motions
Spectral Matching (Modified) Chi-Chi 14.4™ 0.158* **A Response using Single

. ) 13.9 0.154 . ) )

(Time Domain) (Modified) Cape Mendocino 13,3+ 0.150** Best Fitted Time History
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Fig. 14. Fourier Transform of Modified and Synthesized Input
Motions - Cape Mendocino Earthquake
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