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Identification of modal parameters: eigenfrequencies, damping ratios and mode shapes from empirical 

data is of fundamental engineering importance in the dynamical analysis of stay cables, and more 

generally in the dynamical analysis of mechanical structures. These modal parameters will serve to 

perform structural health monitoring, damage detection and safety evaluation of structures. The 

identification is based on the knowledge of output-only responses, without using excitation 

information, and is known as Operational Modal Analysis (OMA), also named as ambient or natural 

excitation or output-only modal analysis. The principal advantages of OMA are the ease of use and the 

fast to conduct since no artificial excitation equipment is required. We propose in this work a time 

domain and a time-frequency domain procedures to extract the modal parameters of vibrating stay 

cables from output-only measurements. We can then use these identified parameters for structural 

health monitoring.  
Cable vibrations induced by wind, rain and traffic are observed in a number of cable-stayed bridges 

and degradation of these cables may have catastrophic effects. Ambient vibration of each stay cable is 

carried out using accelerometers. Two methods to extract the modal parameters of cables from output 

data only : the subspace method [1] and the wavelet transform method [2] are presented in the 

communication. 

The subspace method is a time domain method and uses the covariance matrices between output data. 

The subspace method is based on the observability and controllability properties of linear systems.  To 

eliminate spurious poles which are inherent to the subspace method a new criterion using modal 

coherence indicators is used. This criterion describes the coherence between each mode of the state 

space model and the modes directly inferred from the measured signal. The criterion serves as a model 

quality measure. Modal parameters are then obtained from stability diagrams.  

The wavelet transform (WT) is a time –frequency representation and applied to the free response of a 

system allows the identification of eigenfrequencies, damping ratios and mode shapes.  Indeed, the 

WT of a signal results in a complex valued form, whose modulus and phase can be related to the 

amplitude and phase modulation of the signal. For a linear system the modulus of the WT is related to 

the damping and the phase of the WT to the natural frequency of the system. The WT representation in 

the time-frequency domain results very useful when the analysed signal is the free response of a multi 

degree freedom system. Indeed: the time-frequency maps allow the decay of each mode of the 

vibrating system to be followed separately from the others, by selecting the right frequency value 

corresponding to the mode of interest. Modes are then decoupled in the time-frequency domain and it 

is possible to follow the envelope decay and the phase variation in time of each mode and identify the 

modal parameters associated to the isolated mode. The estimation procedure using WT requires the 

free response of signals, however in OMA the measured signals are generally random. The ambient 

data are then transformed into free vibration data, before usage of the WT, by the application of the 

random decrement technique. Usually the Morlet wavelet is considered when the wavelet transform is 

applied to free response of signals to extract modal parameters. In this communication a new mother 
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wavelet is investigated. With this mother wavelet we can extract modes that cannot be determined 

using the traditionally Morlet wavelet. 

Experimental results of a single tower, double row cable-stayed bridge supported by 112 stay cables 

are presented, where ambient vibrations of each stay cable are carried out using accelerometers. The 

subspace method and the wavelet transform are then applied to determine the eigenfrequencies and 

damping coefficients of different cables and the results are  compared. An estimate of the fundamental 

frequency fi for each cable is obtained from all harmonics employing a least squares procedure. We 

can then compute the tension force for each cable : Ti = 4ρ Li 
2
 fi , where ρ  is the linear density of the 

cable and Li the length of each cable. For each natural frequency identified from the measured data a 

respective damping coefficient k  is assigned. Thus, a Scruton number Sck for each cable and for each 

mode of vibration is determined : Sck = k  /ρ airD
2
 in which   is the mass per unit length of the 

cable, ρ air  density of the air and D the cable diameter. High numbers for the Scruton number tend to 

suppress the oscillation and bring up to the start of instability at high wind speeds. As can be seen 

from the Scruton number damping coefficient is the main factor, and most vibration problems in stay 

cables are subject to low damping values. The critical Scruton number of the stay cable is the 

minimum of all Scruton numbers, and a Scruton number superior to 10 is sufficient to prevent rain, 

wind and traffic induced vibrations. It is important to note that a Scuton number must be calculated for 

each mode of each cable in order to assess the proneness correctly. In a continuous monitoring and 

modal analysis process, the tension forces and Scruton numbers could be used to assess the health of 

stay cables in cable-stayed bridges. Figure below shows the experimental results on fundamental 

frequency identification of each cable by the wavelet transform and the table below analyzes the cable 

number 25 of the bridge. The Scruton number is an indicator for SHM of stay cables in a cable-stayed 

bridge.  

 

Figure : Fundamental frequency of each cable on upstream side and on downstream side 

Modes 1 2 3 4 5 6 

fk (Hz) 1.960 3.938 5.915 7.893 9.856 11.884 

k  (%) 0.314 0.046 0.178 0.078 0.081 0.094 

Sck 4.250 0.622 2.410 1.056 1.096 1.271 

Table : Natural frequencies, damping ratios and Scruton number of cable 25 using the WT method  
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