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OBSERVATIONS ON 

SIGNATURES
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1 D Impedance Approach 

(Liang, Sun and Rogers, 

1993, 1994)

Typical characteristics of two parts G and B
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It can be shown that if |Z| >> |Za| peaks shall 

correspond to structural resonance only



MAIN OBSERVATIONS:

1. Magnitude of B several times that of G.

2. B largely straight line, peaks less dominant.

3. Both G and B exhibit linear variation with frequency, 

especially exhibited in B
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EXPLAINATION OF 

OBSERVATIONS
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CAPACITIVE PART (Large value compared to other components)

Expand the real and imaginary parts and show that observations can be explained 

using 1D impedance model  
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EXPLAINATION OF 

OBSERVATIONS

BjGYd
kl

kl
Yd

ZZ

Z

h

lw
jY EE

a

aT +=













−

























+
+= 2

31

2

3133

tan
2 

CAPACITIVE PART (Large value compared to other components)

Expand the real and imaginary parts and show that observations can be explained 

using 1D impedance model  
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QUASITATIC APPROXIMATION
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Under small frequency of excitation 

BjGYd
kl

kl
Yd

ZZ

Z

h

lw
jY EE

a

aT +=













−

























+
+= 2

31

2

3133

tan
2 

N
5

1


1
tan

→
kl

kl

Much more convenient to explain the previous observations using this equation

……. Derive. final expression in form of A+Bj
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RESONANCE FREQUENCY OF 

PZT PATCH
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How to determine the natural frequency of PZT patch? (a) Theoretically (b) Experimentally

At resonance frequency of the PZT patch (under axial vibrations), Za would be ???
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Find out first three natural frequencies 

for 10x10x0.3 mm PZT patch

= 143 (2n-1)             (kHz)
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Permittivity of free space = 8.85e-12 F/m



EXISTING ELECTRO-MECHANICAL 

IMPEDANCE MODELS
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“Z” can be extracted from measured “G” and “B” (computational procedure).

But……………..(1) How about structures which interact in 2D manner

(2) Is it possible to accurately predict PZT parameters?

(3) End conditions

1D Vibrations

uZFPZT
−=

1 D Impedance Approach 

(Liang, Sun and Rogers, 

1993, 1994)



2D ELECTRO-MECHANICAL 

IMPEDANCE MODELs
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(Zhou, Liang, Rogers, 1995)
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LIMITATIONS:

(1) 2 equations and 8 unknowns- cannot extract structural impedance.

(2) Force transmission is assumed to occur at end points of PZT patch only.

2D Vibrations
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SIMPLIFIED 2D IMPEDANCE MODEL
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GENERALIZED ELECTRO-MECHANICAL 

IMPEDANCE MODEL
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A single complex term for Zs,eff accounts for two

dimensional interaction of the PZT patch with the

host structure. Thus, the mechanical impedance of

the structure can be extracted from the measured

electrical impedance.
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EXPERIMENTAL VERIFICATION
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PREVIOUS COMPARISON

Giurgiutiu and Zagrai (2000)



GENERALIZED ELECTRO-MECHANICAL 

IMPEDANCE MODEL
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dimensional interaction of the PZT patch with the

host structure. Thus, the mechanical impedance of

the structure can be extracted from the measured

electrical impedance.
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THEORETICAL FREE PIEZO SIGNATURES
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ANALYSIS OF FREE PZT SIGNATURES
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Since we rely entirely on the bonded piezo- transducer for

structural identification, we must accurately model the behaviour

of the PZT patch

‘Unknown’ structure
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EXPERIMENTAL VERIFICATION FOR 

(UPDATED PZT MODEL)

Experimental
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EXPERIMENTAL COMPARISON 

WITHOUT UPDATION
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IMPEDANCE-BASED “IDENTIFICATION”
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IMPEDANCE-BASED “IDENTIFICATION”

Identification mean solving the inverse problem
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From plots of G and B, 

extract “x” and “y” and then 

identify the combination



IMPEDANCE BASED “IDENTIFICATION”
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STRUCTURAL IDENTIFICATION USING  

PIEZO-IMPEDANCE TRANSDUCERS
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STRUCTURAL IDENTIFICATION USING  

PIEZO-IMPEDANCE TRANSDUCERS
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CONVENTIONAL  DAMAGE 

QUANTIFICATION

Non- Parametric Damage Quantification
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Conclusion: Largely scatter, no good correlation with damage, no uniform scale
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CONCRETE DAMAGE 

MONITORING BASED 

ON 2D IMPEDANCE



CONCRETE STRUCTURAL IDENTIFICATION 

BY PIEZO-TRANSDUCERS
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CORRELATION BETWEEN IDENTIFIED 

STIFFNESS AND SECANT MODULUS

Strength: 17 MPa  86 MPa
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Suggested reading:

Soh and Bhalla (2005)

(downloadable links at: 

http://web.iitd.ac.in/~sbhalla/journals.pdf )
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