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ABSTRACT

The thesis deals with the development and testing of artificial neural
network (ANN) based control schemes for the response reduction of building
frames subjected to earthquake excitation. Unlike other ANN based control
schemes, the reduction in response is achieved here by controlling the modal
response of the structure. For this purpose, both single mode and multi
mode response control schemes are developed. Single mode control is
equivalent to the control of the response of the single degree of freedom
(SDOF) system subjected to support excitation. Three different types of
control schemes are presented in which the neurocontrollers i.e., the ANNs
are trained to provide the time history of the required control force for a
predetermined percentage reduction in response (target control) with inputs
as () feedbacks from structural displacement, velocity and acceleration, (i)
feedbacks from structural displacement, velocity, acceleration and ground
acceleration, and (i) feedbacks from structural acceleration and ground
acceleration. The neurocontrollers are trained with the help of synthetically
generated earthquake data having different frequency compositions. Each
neural net is trained with the help of a set of is 7500 input-output data sets.
For training the neural net SNNS (Stuttgart Neural Network Simulator)

package is used.

SNNS is a simulator for neural networks developed at the Institute for
Parallel and Distributed High Performance Systems at the Stuttgart

University since 1989. SNNS is distributed by the University of Stuttgart as
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'Free Software' in a licensing agreement. The SNNS simulator consists of
two main components - simulator kernel and graphical user interface. The
simulator kernel operates on the internal network data structures of the
neural nets and performs all operations on them. The graphical user interface
XGUI, built on top of the kernel, gives a graphical representation of the
neural networks and controls the kernel during the simulation run. In
addition, the user interface can be used to directly create, manipulate and
visualise neural nets in various ways. A fully connected feedforward neural
net architecture with input nodes, hidden nodes and output nodes (in input
layer, hidden layer and in output layer respectively) is used for supervised
training of neural net. 'Act_TanH' activation function, 'BackpropMomentum’
learning function and 'Topological_order' update function along with
'Randomize_weights' initialising function are used for training the neural
nets. All the three control schemes can handle time delay that exists
between the measurement of the response and the application of the control
force. Efficiency of the neural nets is tested for the El Centro and Treasure
Island earthquake data. Further, the control schemes are applied for the
response reduction of a ten storey shear building frame whose response is
predominantly governed by the single mode response (the first time period of
the building frame is about the three times the second time period). The
results of the study show that the control schemes are not only very
efficient in controlling the displacement response of the structure close to
the target level, but also they control the acceleration of the structure

substantially. Further, performance of the control scheme with structural



acceleration and ground acceleration as feedbacks is quite comparable to
those of the other schemes. Therefore, this control scheme, which re:quires
much less feedback information, has been extended to control the response
of any building frame whose fundamental period lies between 0.5 s to 1.5 s.

The same three types of control schemes are developed for the
reduction of the nonlinear response of SDOF system subjected to support
excitation. The nonlinearity of the system is produced due to the
elastoplastic behaviour of the SDOF, In the development of the control
schemes, it is assumed that the controlled responses remain within the
elastic range. For the synthetic generation of the training data pairs,
uncontrolled responses of the system are obtained by specifying the
permissible yield stress of the system such that it is exceeded by the
artificially generated earthquake excitation. The neurocontrollers are trained
for a predetermined target reduction of response. The control schemes are
tested for ElI Centro and Treasure Island earthquake data and are also applied
to a ten storey building frame for controlling the nonlinear response of the
frame, which undergoes nonlinear excursion under these two earthquakes.
The results of the study have shown that the ANN based control schemes
are equally efficient in controlling the nonlinear response of the building
frame and the performance of the control scheme with structural
acceleration and ground acceleration as feedbacks is highly satisfactory.

A control scheme is then developed for the reduction of multi mode

response of building frame. Two sets of neural nets are trained for the

development of the control scheme. The first set of ANNs provide



generalised acceleration with input as feedback structural acceleration from
a selected number of points on the structure and ground acceleration. The
second set of neural net provides the time histories of the required control
force with inputs as the generalised acceleration and the ground
acceleration. The number and size of the ANNs to be trained depend upon
the number of modal responses to be controlled. The theoretical
development of the control scheme for finding the required time history of
control force for a predetermined target reduction of response is based on
the modal analysis technique in which generalised control forces in each
mode are matched to provide requisite generalised accelerations. The control
scheme can efficiently handle the time delay effect. The neural nets are
trained for controlling the response of a ten storey shear building frame with
control forces applied at the top storey and by using the same set of
synthetically generated earthquake data used for training the SDOF system.
Performance of the control scheme is tested for EI Centro and Treasure
Island earthquake records. The results of the study show that the control
scheme provides a reduction in displacement reduction very close to the
target level and is also able to substantially control the acceleration
response. The performance of the control scheme deteriorates with time
delay. However, for a time delay of 0.04 s (twice the sampling interval of
data) the performance of the control scheme is quite satisfactory.

The performance of the ANN based multi mode response control
scheme is compared with the sliding mode control scheme for the El Centro

earthquake i'ecord. Using three mode response control, the time history of
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control force is obtained from the neurocontroller is applied at the top of the
building frame. Then the responses are obtained by considering contribution
of all modes. These responses are compared with those obtained by sliding
mode control for comparable control effort. In the sliding mode control
displacement and velocity responses of all the degrees of freedom and the
ground motions (displacement and velocity) are taken as feedbacks. For the
ANN based control scheme, structural acceleration and ground accelerations
are only taken as feedbacks from five selected points on the structure. The
results of the study show that the ANN based control scheme performs
quite well in the higher range of peak control force. In general, the
performance of the ANN based control schemes is quite comparable with

that of the sliding mode control scheme.
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