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Abstract: System Identification is an emerging area in the domain of structural engineering specially under structural health
monitoring. For dynamic analysis or stimulation, the dynamic system parameters (i.e. natural frequency, mode shape, damping
ratio etc.) are most important. Vibration data of actual structures are collected by different sensors. These data are analyzed with
the help of different system identification technique to get inside view of the structure. This paper presents the synthetic vibration
data generation of the model structure using Time History Analysis with the help of SAP2000 software. Time history analysis is
performed on a cable stayed bridge. Joint acceleration, mode shapes, natural frequency etc. are found from this analysis. For
system identification purpose the acceleration time history data of different locations are used to get the natural frequency of the
cable stayed bridge which is a significant system identification parameter. This identification is done with the help of power
spectral density (PSD) using MATLAB algorithm.
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I. INTRODUCTION

In recent years, as information technology can be easily used, system identification has become one of the significant methodologies
used to understand the dynamic properties of civil engineering structures based on vibration data mainly earthquake responses. It
potentially allows to detect and locate damage by studying the changes in the dynamic characteristics of a structure from an initial to
a damage state. Hence, operational modal analysis using output-only response data is highly considered for identification of modal
associated with natural frequency, damping ratio and mode shape in case of large structures. Modal parameters identified
periodically can be considered for structural health monitoring (SHM). System Identification is the process of developing or
improving a mathematical representation of a physical system using experimental data [2]. System identification is concerned with
developing mathematical models from observed data, so it is a subject based on data science. It is at the core of all data-driven or
measurement-based process operations, namely, design, control and monitoring where models play a critical role. An important
application of structural system identification is health monitoring and assessing the structural integrity of aging civil infrastructure
by the analysis of its vibration data.

Il. THEORY AND METHODOLOGY

System identification techniques play an important role in investigating and reducing gaps between the constructed structural
systems and their structural design models, and in structural health monitoring for damage detection. It is recognized that the modal-
parameter system identification and physical-parameter system identification are two major branches in system identification [1]. To
study a system for different purposes like, prediction, control, monitoring, design etc. a mathematical description of the system is
required, which is called model. There are generally two approaches for model development — (i) a theoretical (first principles)
approach that is based on fundamental law of matter and energy and (ii) an empirical approach that is based on analysis of
observations (experimental or operating data). Now a days, the second approach is getting more importance due to its flexibility.
The subject of system identification is concerned with the means and techniques for studying a process system through observed/
experimental data, primarily for developing a mathematical representation of that system [6].

Identification is the exercise of developing a mathematical relationship (model) between the causes (inputs) and the effects (outputs)
of a system (process) based on observed or measured data. In the case of structural system identification, this can be done in the
form of identifying structural parameters such as frequencies, mode shapes and damping ratio etc. A schematic diagram showing the
system process is shown in Fig.1. The process of system identification is shown with the help of a schematic diagram is shown in
Fig.2.
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Fig.1: Block diagram of a system process
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Fig. 2: The process of system identification
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There are numerous methods in system identification. These methods are broadly classified as Input-output identification and
Output-only identification. When both input and output signal of a system can be measured then we prefer to use Input-output
Identification algorithm. In some cases, it may not be possible to record the excitation signal, then we prefer to use Output-Only
Identification algorithm for identifying system parameters eg. Peak — Picking Method.

Data generation and acquisition is the primary step in case of system identification process. Data are collected with the help of
sensors. For bridge, sensors are places at pylon top, different locations of the deck etc. based on the fundamental behavior of the
mode shape. In this work due to unavailability of sensor data, acceleration time history data of software are used as sensor data.
Cable stayed bridge is modeled in SAP2000 software and acceleration time history analysis is performed to get the acceleration time
history data of different locations of the structures. The details of the structures and location of data collection points will be
discussed in data generation section. For input loading, earthquake excitation is used. As data at different times is required for
identification, time history analysis is selected to stimulate the structures as dynamic loading case.

Modal analysis is also performed on these structures using SAP2000 software to calculate the natural frequencies of the structures.
To find the properties of the system these data are processed with the help of PSD using MATLAB algorithm. Peaks of the PSD plot
indicate the resonating frequencies which are the natural frequencies of vibration of the structure.

111.DATAGENERATION

A 2-D Cable Stayed Bridge is considered in this study. The model of the bridge is shown in Fig.3. The bridge consists of a concrete
pylon, single plane fan type cables and a concrete deck. The length of the bridge is 252 m. The total length of the pylon is 56 m and
the bridge deck is at 14 m above the pylon footing. The two ends of the bridge is supported by two hinges. The cable comprise of
6.4 mm diameter with an ultimate strength of 1600 MPa. The cables are anchored to the main girders at 18 m interval. The cables
are connected to the pylon top at an interval of 3 m. Modal Analysis and Time History Analysis is performed on this structure
considering 5% damping. The result of modal analysis in terms of natural frequency and mode shape and time history analysis in
terms of joint acceleration are presented here. The positions of joints from where acceleration time history data are collected are
shown in Fig. 3. Six different joints are selected in the bridge, two at pylon and 4 at deck level.
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Fig. 3: Position of data collection joint (bridge)
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The input excitation used in the time history analysis is shown in Fig. 4.
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Fig. 4: Time History plot of Earthquake loading

The collected joint acceleration time history data at different joints are shown from Fig. 5 to Fig. 8.
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Fig. 5: Acceleration time history data at joint 1 (bridge) Fig. 6: Acceleration time history data at joint 2 (bridge)
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Fig. 7: Acceleration time history data at joint 16 (bridge) Fig. 8: Acceleration time history data at joint 27 (bridge)
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Modal analysis is performed on the cable stayed bridge using SAP2000 software to evaluate the natural frequencies. The evaluated
frequencies of the cable stayed bridge are presented in the Table 1.
Table 1: Evaluated frequency of the bridge
Mode Frequency (Hz)
1 0.34
0.40
1.05
1.09
1.77
2.17

OO BlWIN

The mode shape corresponding to the above mentioned modal frequencies are shown from Fig. 9 to Fig. 14.

| [3Z Deformed Shape (MODAL) - Mode 1; T = 2.85868; f = 034981 1 [ [3% Deformed Shape (MODAL) - Mode 2; T = 24556; f = 0.40723 1

Fig. 9: 1% Mode Shape (f = 0.34 Hz) Fig. 10: 2™ Mode Shape (f = 0.40 Hz)

[ Deformed Shape (MODAL) - Mode 3; T = 0.94932; f = 1.05338 1 [ Deformed Shape (MODAL) - Mode 4; T = 091423; f = 1.09382

Fig. 11: 3" Mode Shape (f = 1.05 Hz) Fig. 12: 4" Mode Shape (f = 1.09 Hz)

[ 3% Deformed Shape (MODAL) - Mode 5; T = 0.56323; f = 1.77547 ] [ % Deformed Shape (MODAL) - Mode 6; T = 0.45932; f = 217715

Fig. 13: 5" Mode Shape (f = 1.77 Hz) Fig. 14: 6th Mode Shape (f = 2.17 Hz)
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IV.RESULTS

The acceleration data were collected at 5 Hz sampling frequency. PSD is performed on the generated data of different locations of
the cable stayed bridge. The PSD plot of the 6 locations are shown from Fig. 15 to Fig. 20.
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Fig. 19: PSD Plot of joint 12

Fig. 20: PSD Plot of joint 8

From the PSD Plot, it is seen that all modes are captured for the cable stayed bridge. But it is also seen that all modes are not
identified in a single plot. So, it can be conclude that the position of sensors and no. of sensors plays an important role in system

identification.
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The comparative analysis of the identified frequencies and analytical modal frequencies are shown in Table 2.

Table 2: Identified frequency of the bridge

Mode Frequency (Hz) ( from model | Frequency (Hz) (identified
analysis) from PSD plot)
1 0.34 0.33
2 0.40 0.4
3 1.05 1.07
4 1.09 1.07
5 1.77 1.72
6 2.17 2.14

V. CONCLUSIONS
From the time history analysis of the bridge, it is seen that the first six natural frequencies are significant. In the identification, all
the six natural frequencies are nearly correctly identified in the PSD plot. Again the considered 5 Hz sampling frequency is
sufficient to identify the natural frequency upto 2.5 Hz i.e. the sampling rate should be the twice of the highest frequency. So, it is
necessary to select the sampling rate in a wisely manner so that all the required frequency can be identified. Again, to identify a
lower natural frequency, if higher sampling rate is used then it could not properly visible on the plot due to its resolution effect.
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