ISSN 1598—-4095 (Print)
ISSN 2287—7401 (Online)
http://dx, doi,org/10,9712/KASS, 2020,20.2 51

Journal of Korean Association for Spatial Structures
Vol, 20, No, 2 (E2 80%), pp.51~58, June, 2020

S ol 8xIE =gt 1229 1Y S dIES ¢
=21 839| slo|m{maio|E °i'-'r1

Research on Hyperparameter of RNN for Seismic Response Prediction
of a Structure With Vibration Control System
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Abstract

Recently, deep learning that is the most popular and effective class of machine learning algorithms is widely applied to
various industrial areas. A number of research on various topics about structural engineering was performed by using
artificial neural networks, such as structural design optimization, vibration control and system identification etc. When
nonlinear semi-active structural control devices are applied to building structure, a lot of computational effort is required to
predict dynamic structural responses of finite element method (FEM) model for development of control algorithm. To solve
this problem, an artificial neural network model was developed in this study. Among various deep learning algorithms, a
recurrent neural network (RNN) was used to make the time history response prediction model. An RNN can retain state
from one iteration to the next by using its own output as input for the next step. An eleven-story building structure with
semi-active tuned mass damper (TMD) was used as an example structure. The semi-active TMD was composed of
magnetorheological damper. Five historical earthquakes and five artificial ground motions were used as ground excitations
for training of an RNN model. Another artificial ground motion that was not used for training was used for verification of
the developed RNN model. Parametric studies on various hyper-parameters including number of hidden layers, sequence
length, number of LSTM cells, etc. After appropriate training iteration of the RNN model with proper hyper-parameters, the
RNN model for prediction of seismic responses of the building structure with semi-active TMD was developed. The
developed RNN model can effectively provide very accurate seismic responses compared to the FEM model.

Keywords : Seismic response prediction, Deep learning, Semi-active TMD, Artificial intelligence, MR damper
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(Table 1) Example structure properties

Stiffness (kN/m)

Story Mass (kg)

1 215,370 4.68X10°
2 201,750 4.76 X10°
3 201,750 4.68X10°
4 200,930 450%X10°
5 200,930 450X10°
6 200,930 450X10°
7 203,180 450%X10°
8 202,910 437X10°
9 202,910 437X10°
10 176,100 437X10°
11 66,230 3.12X10°
MR damper
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(Table 2) Training and test earthquakes

No. EQ name P.G.A. (g) Purpose
1 El Centro (1940) 0313  Training
2 Taft (1952) 0156  Training
3 Northridge (1994) 0.603  Training
4  Loma Prieta (1989) 0220  Training
5 Kobe (1995) 0.686  Training
6 Artificial EQ1 0517  Training
7 Artificial EQ2 0537  Training
8 Artificial EQ3 0576  Training
9 Artificial EQ4 0566  Training
10 Artificial EQ5 0385  Training
11 Artificial EQ6 0.562 Test
12 Artificial EQ7 0.615 Test
13 Jiji (1999) 0.512 Test
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(Table 3) Default hyperparameter and function

Item Value
Sequence length 5
RNN cell number 1
Dropout ratio 0.8
Hidden layer dimension 5
Learning rate 0.01
RNN type LSTM
Activation function tanh
Optimizer Adam

(Table 4) Effect of sequence length

Seq_Len Avg. loss Avg. RMSE
1 2.648 11.490 X10°
2 2317 9.408 X10™
5 2273 8.623X10°
6 2248 8.141 X 10
7 2496 8.925X 107
10 2535 9.279X10°
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(Table 5) Effect of hidden layer dimension

Hidden Avg. loss Avg. RMSE
2 6.207 19.516 X10”
5 2263 8.509X10°
10 1.278 6.733X10°
15 1.004 6.561 X107
20 0.769 6.053X10°
30 0.618 6.341 X10°
40 0.539 6.757 X10°
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