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1 CAPE MENDOCINO EUREKA - MYRTLE & WEST 25/04/1992 0.154 44.6 7.1 B 38.5
2 CAPE MENDOCINO FORTUNA - FORTUNA BLVD 25/04/1992 | 0.116 236 71 B 4038
3 CAPE MENDOCINO RIO DELL OVERPASS FF 25/04/1992 | 0.385 185 71 B 31.34
4 IMPERIAL VALLEY SUPERSTITION MTN CAMERA 15/10/1979 | 0.195 26 65 B 20.99
5 LOMA PRIETA APEEL9 CRYSTAL SPR RES 18/10/1989 | 0.113 465 6.9 B 33.88
6 LOMA PRIETA COYOTE LAKE DAM DOWNST 18/10/1989 0.179 22.3 6.9 B 28.25
7 LOMA PRIETA ANDERSON DAM DOWNSTREAM | 18/10/1989 | 0.243 214 6.9 B 25.93
3 LOMA PRIETA FREMONT MISSION San Jose 18/10/1989 | 0.124 43 6.9 B 36.26
9 LOMA PRIETA GILROY ARRAY #6 18/10/1989 | 0.170 19.9 6.9 B 3432
10 N. PALM SPRINGS SAN JACINTO SOBOBA 08/07/1986 | 0.249 B 6 B 23.05
11 NORTHRIDGE CASTAIC OLD RIDGE RT 17/01/1994 | 0.568 236 6.7 B 23.01
12 NORTHRIDGE LOS ANGELES-UCLA GROUNDS 17/01/1994_ | 0.255 14.9 6.7 B 3538
13 NORTHRIDGE ROLLING HILLS EST-RANCHO VISTA | 17/01/1994 0.473 46 6.7 B 19
14 NORTHRIDGE SANTA MONICA 17/01/1994 | 0.115 276 6.7 B 49
15 NORTHRIDGE CENTURY CITY LACC NORTH 17/01/1994 | 0.255 257 6.7 B 305
16 NORTHRIDGE STONE CANYON 17/01/1994 | 0387 222 6.7 B 2158
17 NORTHRIDGE EQ BIG TUJUNGA 17/01/1994_ | 0.616 24 6.7 B 2134
18 NORTHRIDGE EQ BEVERLY HILLS - 12520 MULH 17/01/1994 0.616 20.8 6.7 B 26.71
19 NORTHRIDGE EQ INGLEWOOD - UNION OIL YARD 17/01/1994 0.403 40 6.7 B 32.04
20 NORTHRIDGE EQ LA - CHALON RD 17/01/1994 | 0.225 237 6.7 B 2731
21 NORTHRIDGE EQ N WESTMORELAND 17/01/1994_ | 0.091 29 6.7 B 2246
22 SAN FERNANDO LAKE HUGHES #4 09/02/1971 | 0.323 242 6.6 B 26.07
23 SAN FERNANDO LAKE HUGHES #12 09/02/1971 | 0.1921 203 6.6 B 2632
24 SAN FERNANDO CASTAIC OLD RIDGE ROUTE 09/02/1971 0.323 24.9 6.6 B 23.83
25 SAN FERNANDO PEARBLOSSOM PUMP 09/02/1971_| 0.1514 389 6.6 B 27.26
26 SAN FERNANDO PALMDALE FIRE STATION 09/02/1971 | 0.151 254 6.6 B 24.86
27 WHITTIER N. HOLLYWOOD-COLDWATER CAN | 01/10/1987 | 0.115 308 6 B 34.72
28 WHITTIER BEVERLY HILL-12520 MULHOL 01/10/1987 | 0.137 277 6 B 28.08
29 | WHITTIER NARROWS ORANGE CO RESERVOIR 01/10/1987 | 0.197 23 6 B 23.24
30 WHITTIER NARROWS PASADENA ATHENAEUM 01/10/1987 0.174 15.4 6 B 21.65
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Abstract:

These days the accurate estimation of seismic demand and capacity of structures are truly significant in the field
of performance based earthquake engineering. Several methods exist to determine these parameters such as non-
linear time history analysis and Incremental dynamic analysis (IDA). Because the history of seismic
accelerogram records refers to the current century, in some areas there still exists no appropriate seismic record
to perform the analyses; therefore in these cases we need to generate artificial accelerograms. In this paper a new
combinational method is introduced to generate far-field artificial accelerograms using artificial neural network
and wavelet packet transform (WPT) methods. In this method according to the geoseismic characteristics of the
site and non-linear characteristics of the equivalent single degree of freedom (SDOF) system, several artificial
accelerograms are generated. In order to consider the non-linear parameters to generate the accelerograms, IDA
method is used. The values of intensity measure (IM) for all IDA curves are determined at specific levels of
damage measure (DM) and are considered as the input data of the multilayer feed forward (MLFF) neural
network. Accelerograms which are selected according to the geoseismic characteristics of the site are changed to
standard forms and then decomposed using wavelet packet transform. The effective wavelet packet coefficients
are selected according to an appropriate desired effective variance ratio of wavelet packet coefficient. Then,
effective coefficient of each packet is considered as the output of a neural network. In order to enhance the
efficiency of the network, principal components analysis (PCA) is used to reduce the number of the input data
dimensions. In this paper neural network is trained by backpropagation algorithm as repetitive. After training the
MLFF neural network, we should test the network for accelerograms not included in the training set. For this
purpose we should use the IDA curve of each accelerogram out of the training set as the input of the neural
network to generate the effective WPT coefficients. When a neural network is trained properly, we can now
generate artificial accelerograms using a 50% fractile IDA curve as the input of the neural network. Adding a
Gaussian random number to the output of each neuron in the neural network layers, we are able to generate
several accelerograms according to 50% fractile IDA curve. In order to improve the condition of generated
accelerograms according to 50% fractile IDA curve, a correction factor is used repeatedly for detail coefficients
of discrete wavelet transform in jth level of generated accelerogram. Finally a SDOF system with perfectly
elasto-plastic initial loading curve is used to show the efficiency of the proposed method to generate artificial
accelerogram. The accuracy of this method depends on the accuracy of the trained neural networks. If the neural
networks are trained appropriately with IDA curve, the generated accelerogram can estimate the IDA parameters
of the SDOF system more properly. Also it is shown that suggested method can generate artificial accelerograms
with frequency content almost close to the initial earthquake records.

Keywords: Artificial Accelerogram Generation, Wavelet Packet Transform, Artificial Neural Networks,
Incremental dynamic analysis.
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