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Simulating and predicting the realistic behavior of structures subjected to seismic excitations has been one of the most
cited topics in structural issues over recent years. Accordingly, an accurate estimation of the seismic displacement
demands requires solving the governing differential equation of motion either analytically or numerically (i.e. time-
history analysis) for the given ground motion. However, the aleatoric variability and epistemic uncertainty in earthquake
records can result in a significant variability in seismic structural response. Therefore, the precise assessment of the
maximum lateral displacement of structures requires solving numerous differential equations for a large number of
earthquakes. However, the analytical procedure is time consuming and computationally intensive.

On the other hand, data-driven modeling techniques have been widely utilized in reducing the computational burden of
numerous Civil Engineering problems (Hola and Schabowicz, 2005; Schmid and Schmid, 2007; Joghataie and Farrokh,
2008; Mortezaei and Mortezaei, 2012; Sahoo and Chakraverty, 2018). As simplified mathematical models of human
brain, supervised Artificial Neural Networks (ANNs) can be considered as parallel computing systems capable of input-
output mapping aiming at simulating the desired output by only using the information generated from past experiences
(Lazarevska, 2014).

Therefore, the current paper proposes the novel idea of the application of Wavelet Neural Networks (WNNs) for rapid
and precise seismic response assessment of structures using ground motion indices. To achieve this objective, a wavelet
activation function is considered as the nonlinear estimator of a classic multi-layer feed forward neural network to predict
the maximum lateral displacement of simplified lumped mass models subjected to real unidirectional seismic excitations.

For this purpose, 23 different acceleration-, velocity- and displacement-related ground motion intensity measures are
selected and calculated for a large dataset of real earthquake records. Nonlinear time-history analyses are then carried out
to determine the maximum nonlinear horizontal response of different inelastic spring-mass SDOF systems. The studied
seismic parameters are listed in Table 1.

The WNN models’ parameters are then calibrated by employing different input and output pairs of training dataset,
aiming at estimating the associated target pattern of data which were not applied in the training process. Accordingly,
sensitivity analyses are also conducted to determine the relative importance of the seismic parameters in characterizing
damage potential of the studied structural systems.

The feasibility, efficiency and accuracy of the proposed technique are investigated in determining the corresponding
seismic behavior of structures caused by earthquake accelerograms. Based on the obtained results from sensitivity
analysis, the seismic parameters of DI, D;, SED, CAV and Iy have higher levels of interdependency with the maximum
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structural response of the inelastic mass-spring system with the frequency of 0.5 Hz. Therefore, displacement- and
energy-related parameters have stronger correlation with displacement demands of long-period structures, compared to
acceleration- and velocity-related variables.

Table 1. The examined ground motion intensity indices (Mashmouli et al., 2019).

Description of Intensity
Acceleration-related parameters Velocity-related parameters Displacement-related parameters Other parameters
. . Peak Ground . .
Peak Ground Acceleration (PGA) Peak Ground Velocity (PGV) Displacement (PGD) Arias Intensity (In)
Acceleration Intensity (Al) Velocity Intensity (VI) Dlsplacer?le):rll)t Intensity Housner Intensity (Iy)
Earthquake Power Index Acceleration Earthquake Power Index Earthquake Power Peak Velqmty ar}d
(PIn) Velocity (Ply) Index Displacement (PIp) Acceleration ratio
(PGV/PGA)
Square Acceleration (Ag) Square velocity (Vs) Square Displacement (Ds) Specific I(Esngrg)y Density
Root Mean Square Acceleration (Agps) Root Mean Square Velocity Root Mean Square Displacement Characteristic Intensity (I¢)
(Vrms) (Drus)
Root Square Acceleration (Ags) Root Square Velocity (Vgs) Cumulative (zék:{)}l)ute Velocity
REFERENCES

Hota, J. and Schabowicz, K. (2005). Beurteilung der betonfestigkeit unter nutzung der kiinstlichen neuronalen netze
aufgrund zerstorungsfreier untersuchungen. Beton und Stahlbetonbau, 100(5), 416-421.

Joghataie, A. and Farrokh, M. (2008). Dynamic analysis of nonlinear frames by prandtl neural networks. Journal of
Engineering Mechanics, 134(11), 961-969.

Lazarevska, M., Knezevic, M., Cvetkovska, M., and Trombeva-Gavriloska, A. (2014). Application of artificial neural
networks in civil engineering. Tehnicki Vjesnik, 21(6), 1353-1359.

Mallat, S.G. (1989). A theory for multiresolution signal decomposition: the wavelet representation. IEEE Transactions
on Pattern Analysis & Machine Intelligence, (7), 674-693.

Mashmouli, M., Steinel, L., and Sadegh-Azar, H. (2019). Application of neural networks in seismic response prediction
of structures. In: 16 D-A-Ch Tagung Erdbebeningenieurwesen & Baudynamik. Innsbruck, Austria.

Mortezai, A. and Mortezai, K. (2012). Neural network evaluation of FRP strengthened RC buildings subjected to near-
fault ground motions having fling step|| world academy of science. Engineering and Technology, 62, 58-62.

Sahoo, D.M. and Chakraverty, S. (2018). Functional link neural network learning for response prediction of tall shear
buildings with respect to earthquake data. IEEE Transactions on Systems, Man, and Cybernetics: Systems, 48(1), 1-10.

Schmid, M. and Schmid, B.H. (2007). Kiinstliche neuronale netzwerke—ein modelltyp mit zukunft in der
bauphysik? Bauphysik, 29%(5), 371-376.

N International Institute of Earthquake Engineering and Seismology (IIEES) 773\



