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Abstract— Structural Health Monitoring (SHM) aim to 

generate automated system for the continuous inspection, 

monitoring and damage identification of structural with least 

manpower and labor involvement. The first stage to 

establish a SHM system is to incorporate a level of sensing 

and cording capability that is reliable and possess long term 

stability. Smart material/sensor. Technology including the 

application of Piezoelectric sensors have very important 

capabilities of continuous monitoring and damage detecting 

of various physical and mechanical parameters related to 

health and service life of the structures. In this presented 

review paper piezoelectric sensor or can act as smart 

material which can serve both sensors and actuators which 

make the SHM to be active monitoring system. These 

advance sensing technologies are now available and 

progressively increasing and can be widely utilized for the 

SHM of civil engineering structures. In this paper the 

application of smart material/sensors for the continuous 

monitoring of structures is critically reviewed and the major 

focuses on the approaches of SHM based on piezoelectric 

sensors. 
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I. INTRODUCTION 

Civil Engineering infrastructural is generally the most 

expansion national treasure and resource of any country in 

addition civil engineering structural possess long service life 

when compared with other commercial products and they 

are very expensive to maintain and replace other they are 

erected [1]. 

Further there are few type of prototype in civil 

engineering  and each structure leads to unique in terms of 

materials, design and construes the most important 

structures including bridges, high rise building, power 

utilities nuclear power plants and dams. All civil 

engineering structural gets deteriorate with time. The 

deteriorate of structural is mostly the result of the aging of 

material, regular use, overloading and aggressive 

environment exposure, lack of sufficient maintenance and 

difficulties created in proper inspection method. 

To ensure the structural integrity safely and 

reliability, civil structures have to be equipped with. 

Structural health monitoring which goal to developed 

automated inspection system for the continuous monitoring, 

damage deflection and inspection of structural with the 

minimum labor in evolvement[2]. 

The ability to continuously monitoring the 

reliability and integrity of civil structures based sensor in 

real time can provide for increased safety and reliability to 

the public. The requirement of effective SHM is precise 

with the primary goals of such system being to enhance 

reliability and safety to reduce maintenance, repair and 

inspection cost with the help of active sensors based SHM 

can in real time and outline identify the various defects and 

monitor strain, stress and temperatures so that the ultimate 

maintenance of the structures can be carried out to ensure 

reliability, safety and durable service life of civil 

engineering structural.  

In this review article a typical structural health 

monitoring system based on piezoelectric sensor/material 

includes three key components a sensor system a data 

processing system including the data acquisition 

transmission, storage, handling and health evaluations 

system including the diagnostic investigation and 

information management. The first step to set up the system 

this system is to integrate a level of reliable and stable 

structural sensing capability. So this paper is mainly related 

to the primary component of structural health monitoring. 

System, the sensing system has been formed by smart 

material/sensor. Smart material/sensors such as piezoelectric 

sensor possess very important ability of sensing of various 

physical, mechanical and electrical parameters which has 

directly related to the health of the structure. 

Since the subjected matter of structural health 

monitoring has been growing rapidly and significantly over 

the last few years .the focus of this paper is an a critical state 

of the art of review of piezoelectric sensors based structural 

health monitoring civil engineering structures. The paper   

cover the major aspects of piezoelectric sensor for 

application in civil engineering structures. Piezoelectric 

sensor which   have given the damage detection of 

structures. The conclusion of this study is reported. 

II. METHODOLOGY INVOLVED PIEZOELECTRIC SENSOR 

BASED HEALTH MONITORING 

Based on electrical mechanical transformation piezoelectric 

materials exhibits simultaneous actuator as well as sensor 

behavior.  There is various type of piezoelectric ceramics, 

piezoelectric polymers and piezoelectric composites. most 

recently piezoelectric sensors were induced into structural 

health monitoring of civil engineering structural as an active 

sensing technology based on the measurement of electrical. 

Impedance and elastic wave. 

III. ELECTRICAL IMPEDANCE BASED STRUCTURAL HEALTH 

MONITORING 

When a piezoelectric patch attached to a structures is driven 

by fixed , alternating electrical field, a small deformation is 

produced in the Piezoelectric  attached structure since the 

frequency range of the excitation is very high the dynamics 

response of the structures reflects only that of a very local 

area near the sensor material . the response of that local area 

mechanical vibration is transferred back to the piezoelectric 

patch in the form of an electric response when a crack or 

damage induced that causes change of the mechanical 

dynamic response if is manifested in the electrical 

impedance response of the piezoelectric patch [3] therefore 
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the structures. Damage can be monitored indirectly through 

the measurement of the electrical impedance of the 

piezoelectric sensor. 

Ayres et al .[4] bounded two piezoelectric patches 

to quarter scale steel truss bridge for accession of the 

electrical impedance when the damage has imposed to 

structure by loosening bolts in the structure . The real part of 

the impedance was extracted as a function of the excites 

frequency. Admittance was sensitive to the local damage 

that has produced near the Piezoelectric patch but if was less 

sensitive to the damage for away from the sensor . similar 

tested has been done by park et al [5] however besides the 

electrical impedance method park et al . have also used lamb 

wave method to detect Damage in a steel bridge component. 

Soh .et.al.[6]also carried out an impedance based 

monitoring and detected damage using Pzt patch on a 

R.C.C. prototype bridge. The bridge was instrumented with 

eleven Piezoelectric patch at key location . the patches were 

verified for the accession of impedance data at various 

position during the loading. The results showed that the 

surface mounted Piezoelectric patch is very sensitive to 

generate of crack in , in concrete in their local region but 

those were less sensitive for the far away. 

Lim et al [7] have also developed a new method for 

identifying structural parameters like mass, stiffness and 

damper from the measured admittance signatures where by 

the identified parameters were used detect damage in beam 

and a concrete cube successfully. Comparing with the 

convention RMSD, their method give much better insight in 

to the damage. 

The impedance method has used a self-sensing 

actuator concept or piezoelectric acts both as actuator and 

sensor. The qualitative nature of piezoelectric patch makes it 

very accessible for everyone. Since it also does not require 

any background knowledge in order to achieved the simple 

output. it has called qualitative method because various type 

of damage such as corrosion, cracks, cuts will all effect the 

mechanical impedance similarly. The impedance analyzer 

employed are expensive until now but it is an efficient and 

inexpensive methodology for electrical, impedance 

measurement is necessary in the future. 

IV. ELASTIC WAVE BASED STRUCTURAL HEALTH 

MONITORING METHOD 

Waving et al [8] and Wu and Chaung [9] conducted 

preliminary studies to detect the deboundary which exists 

between the reinforcing bars and concrete with piezoelectric 

patches bonded on the steel bars A 5 peak fragmented 

ultrasonic wave with. Peak value of 200v was applied on the 

actuators. The arrival of amplitude and then analyzed thus 

result found that the amplitude of the received signal 

increased in a linearly proportional manner to the bonding 

size of the steel bar from the concrete. The time of arrival 

sets constant while the rebar was elastic but increased as the 

bar yielded. 

They [10] also used used Pz flex software to 

simulation the response of the sensor as parameter in rc 

structure such as, crack ,width ,size of debonding and the 

position of the rebar varied numerical evaluation showed. 

That cracks in reinforced concrete  structure did not affect 

the output of the sensor when both debonding damage and 

crack existed in the structures . Debonding damage 

denominated the output signals and the depth of concrete 

section did not affect   the detection of debonding damage.  

Kawiecki [11] studies the workability of nondestructive 

damage detection by using piezoelectric transducers bonded 

to the surface of a concrete block. Structural damage was 

arise by placing the concrete with different loads at the 

surface of a concrete block, structural damage were arises 

by placing the concrete with different loads at the surface of 

tested specimens. Experimental results gives the view that 

there was an effective correlation between the size of 

damage and location of damage and he variation that has 

arises its transfer function and shift of natural frequency 

oddity has presented in these signals were repeatable and 

had different characters when they were caused by damages. 

Saafi and Sayyah [12] developed an damage diagnosis 

technique to detect the delamination’s between the repaired 

concrete and CFRP. As shown in figure 3, An arrangement 

of piezoelectric transducers was attached to the CFRPP 

laminate. The beam dimension of (100*150*900)mm with a 

notch of (10*25*100)mm to accelerate the delamination 

process. The ADI system actively investigates the structures 

with help of broadband excitation of the piezoelectric 

transducers. The signal of sensors were digitalized and the 

damage index of the actuator, cumulative average delta , 

transfer function were evaluated due to increase in the load 

the damage index  gets also increases  in zone 1 while in 

zone 2 and zone 3 so the processes of delamination was 

computed .  There are an error of 0.67 % has presented 

during damage detection process. Elastic wave based 

approach has ability to detect larger areas than the 

impedance based method. The elastic wave based method 

can take advantage of gathering information of the wave 

propagation to evaluate damage such as phase of transfer 

function. Amplitude, shift in frequencies, amplitude and the 

total arrival time. Electrical impedance and elastic wave 

based method both has works as an active sensing method. 

Some other structural health monitoring works as passive 

sensing method. To determine the change in structural 

condition. Continuous studied are needed to verify the 

feasibility Piezoelectric  sensor monitoring method based 

wave propagation to detect various defects in concrete. 

 
Fig. 1: Variation of damage index in zone 1.2.3  
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V. ADVANTAGE OF PIEZOELECTRIC SENSOR  

The piezoelectric patch are non-obtrusive on the structure 

and possess negligible weight and it also demand low power 

consumption ,these smart piezoelectric non –intrusive sensor 

can monitor the inaccessible location on the structural 

component hence it can help in saving expensive time and 

efforts involved for structural components inspection . 

Its easily installation either surface bounded or 

embedded make the piezo-impedance transducers equally 

suitable for existing as well as to be newly constructed 

structure. the manufacturing cost of piezoelectric patch is 

very low costs.US$ 5 to US$ 10 ,this technique is also very 

useful for automated and online implementation which make 

the data processing are amical the data is directly recorded 

in the frequency domain .[13] 

The order of magnitude of piezoelectric  patch are 

below the stiffness and mass of the invested structure hence 

it is very effective in the structural damage detection .this 

method can be implemented at any time in the life of a 

structure for example it can be installed after an earthquake 

to inspect the crack or losing connections. 

This technique shows far greater damage 

sensitivity than the conventional global methods. It does not 

warrant very expensive hardware like the ultrasonic 

techniques and also does not warrant any probe to be 

physically moved from one location to other. The data 

acquisition is much more simplified as compared to the 

traditional accelerometer shaker combination in the global 

vibration techniques since the data is directly opened in the 

frequency range. And also the Piezoelectric patches are 

bonded no-intensively weight and demand low power 

consumption the use of Piezoelectric patch  use of the same 

transducer for actuating as well as sensing saves the number 

of transducers and the associated sensing.                                 

VI. LIMITATION OF PIEZOELECTRIC SENSORS  

A piezoelectric patch is sensitive to the structure within a 

curtain ranging from 0.4 to 2 meter only, depending upon 

the geometrical configuration and material properties. 

For the real time monitoring of a large civil 

structure such as bridge or high rise building a large number 

of piezoelectric patch would causes expensive cost and 

effort for laying out of the wiring system which make the 

data collection and data processing complex, 

VII. CONCLUSION 

Smart materials/sensors are a new development with 

enormous potential for SHM of civil engineering structure 

some of them are currently being applied in the field , while 

other have evaluated under laboratory conditions. 

Piezoelectric sensors can be used as an active 

sensing technology in the SHM of civil engineering 

structures based on electrical impedance and elastic wave 

methods. The impedance depends upon the self-sensing 

actuator concept. it is a qualitative method. Elastic wave 

based approaches can detect. larger area of damage than the 

impedance based method. and this method can take 

advantages of additional information arising from the wave 

propagation to identify damage. Further studies have to be 

carried out to verify the feasibility of this method to detect 

various defects in real concrete structures and reinforcement 

concrete structures. 
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