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INTRODUCTION  

Previous day’s people used a visual inspection to crack or damage detection. New and advanced 

structures cannot detect only by visualinspection, so there a need inventing new technologies i.e. Structural 

Health Monitoring as an damage or crack detection and Non Destructive testing(NDT) tools.SHM systems 

either work by detecting the presence of damage using online sensors, or by recording the impactof high risk 

damages.In this paper we are using a pair of transmitter-sensor, i.e. Piezobuzzer and piezoelectric disc 

microphone. The test was carried out on various materials by using low frequency techniques, to examine 

possible new methodology on structural materials like brick, paver block, tiles, wood, and metal bar.   

Structural health monitoring (SHM):Structural health monitoring (SHM) is technology which can be 

used to detect damage or cracks, occurrence and the severity of damage in a structural member or system 
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ABSTRACT  

This paper mainly focuses on the development of piezo electric material as a sensor 

for crack detection for different materials. Now a days the field of smart material is 

introduced in the market. Major applicationsof piezoelectric sensors are in aircraft 

structure monitoringsystems, Ship structures and maintenance, civil structures, non-

destructivetesting for heavy machines and in manufacturing processes. Smart 

material is the new technology which having the capability of both sensing and 

actuation, and to achieve this at lower cost, integrating the system with compact 

design, with less complexity and having good reliability.Piezoelectric materials is the 

most attractive functional materials for sensors and actuators because they can 

directly convert mechanical energy into electrical energy and vice versa.The 

application of transmitter-sensor pair of piezoelectric material for crack detection. 

The work of manual coin tap technique is modified to transmit the sound wave for 

application to a structural health monitoring system for large structures, which uses 

piezoelectric disc as asensor. 
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before failure occurs. Different type of sensor is linked with computer system along with special equipments 

and software from which gives the indications and helps to find out the risk area of failure or damage. 

A. Experimental Setup 

A basic circuit consists of piezoelectricdisc (sensor), power amplifier, Piezobuzzer (Transmitter), battery, and 

PCisdesigned for signal amplification and signal processing.Piezodisc Connect  wires, one soldered to the 

middle of the piezodisc and other the metal plate on the edge of the piezodisc,these wires are connected 

respectively the analog input and ground, which then connected ahigh power amplifier which is shown in 

figure 1. 

                      
Figure 1: Experimental setup of power amplifier with sensor and laptop 

Piezo buzzer which consist of piezoelectric disc encased a plastic cover and offer the advantages of 

directional actuation/sensing. The piezoelectric discs pick up the reflected waves from directions, resulting 

in a stronger signal. The amplifier consists of preamplifier, noise and band pass filter, power amplifier and 

output signal. The microphone is the piezoelectric disc, which allows for very low frequency operation but 

having very good sensitivity.The piezoelectric disc absorbing the signals which are received by piezobuzzer 

from different materials and analyzed in Matlab programme. The overall manufacturing cost is Rs. 700. 

a) Application of Piezoelectric sensor on building material for SHM: 

In this paper testing is carried out on different materials like brick, tile, paver block, wood, and metal 

bar. On these material, piezobuzzer is used as the transmitter in order to transmit sound wave signal (like 

beeper). The frequency of the wave energy will decrease due to the existence of cracks or damages. The 

change in the frequency of the normal structure and damaged structure is analyzed. Two types of Piezobuzzer 

used are continuous as well as Beeper. Piezoelectric materials based transducers are used as an active sensor 

for structural damage detection. The piezo disc as a sensor placedon materials at 15cm distance to receive the 

excitation signal from the piezo buzzer. When piezoelectric materials are subjected either to a stress or strain, 

they will generate an electric charge, in reversible effect alsotrue when applying an electric charge it produces 

stress or strain. Due to this special effect, PZT transducer can be used as an actuator as well as a 

sensor.Piezoelectric buzzer and piezoelectric discs were used as transducers to actuate and receive signal 

waves.  The signals received by sensors are different from the same wave signal transmitted through different 

materialsand for analysis we are using Matlab. The recorded sound signals are analyzed in Time domain 

analysis, but we cannot identify the actual data. The actual frequency obtained from different materials are 

analyzed in Frequency domain analysis,which shows the overall frequency of the signalwhich is absorbed by 

the sensor. There are many tests are carried on different materials with the help of piezobuzzer and a 

piezodisc sensor pair for Structural health monitoring. 

  
Figure2: Piezobuzzer and piezodisc are (a) kept in air (b) placed on each other 

Initially the piezo buzzer -piezodisc are placed in the air then recording the signal come out from it, 

and again the pair is placed on each other which is shown in figure2. Again pair Piezobuzzer (Continuous) and 
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piezodisc were placed symmetrically on only the front side as well as bonded on opposite side (front and back) 

of the specimen so that same signal would propagate through the different materials.Same Procedure is 

carried out for piezoelectric buzzer (beeper) and piezoelectric discs were used.  

To evaluate the response from the different materials, place the piezo buzzer and piezoelectric disc at 

a distance 15cm from each other. Switch on the system the sound signals transmitted from piezo buzzer are 

absorbed by the piezoelectric sensor. The signal from Piezo disc is transferred to the power amplifier. The 

amplified signals are recordedin .wav file format a computer.This procedure is repeated for all sample 

materials like brick, paver block, tiles, rubber, glass, wood, metal plate. Analysis of all recorded signals is 

processed in Matlab.This methodology has been introduced and tested on these materials like brick, paver 

block, tiles, wood and metal bar which is shown in figure 3: 

 
(a)                   (b)         (c) 

 
(d)        (e)          (f) 

 
(g)(h) 

Figure 3: Experiments carried out on different materials like (a) sample Brick, (b) Damaged Brick , (c) Paver 

Block, (d) Tiles, (e) Metal bar, (f) two separate metal bar (g) Normal Wood, (h) wood with a hole and 

B. Result and Analysis 

Signal amplification provides electrical signal which are proportional to output which can be used for 

display and further analysis. Basically Time domain analysis, Frequency analysis (FFT) is commonly used for 

data analysis in Matlab.There is analysis of frequency response from the piezobuzzer-piezodisc sensor for 

different materials.The results are plotted in frequency domain analysis for different materials as follows: 

i) For pair Piezobuzzer -piezodisc sensor placed and theair vs. placed on each other as shown in figure 4. 

 

 

 

 

Figure 4: Analysis of Piezobuzzer and sensor are placed the Air and Place on each other 

 

ii)Pair of Piezobuzzer -piezodisc sensor placed on(a)two separate metal bar vs. placed on opposite to each 

other  (b) Paver Block  placed on the same side each other vs. Paver block opposite to each other, (c) wood vs. 

wood with a hole placed on the same side each otheras shown in figure 5. 
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(a) 

 
(b) 

 
(c) 

Figure 5: Analysis of Piezobuzzer and sensor are placed on (a) two different metal bar vs. opposite to each 

other, (b) paver block on the same side vs. opposite side, (c) wood vs. wood with a hole placed on the same 

side each other 

iii) Pair of Piezobuzzer -piezodisc sensor placed on comparison of tiles, with small cracks and with large crack 

placed on the same side each other as shown in figure 6. 

 

 
 

Figure 6:  Analysis of comparison of tiles, with small cracks and with large crack 

iv) Pair of Piezobuzzer -piezodisc sensor placed on healthy Brick vs. Damaged Brickplaced on the same side 

each other as shown in figure 7. 
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(a) 

 
(b) 

Figure7: (a)Analysis Healthy brick vs. Crack Brickby continuous buzzer(b) Analysis Healthy brick vs. Crack 

Brick by beeper 

vi) Pair of Piezobuzzer -piezodisc sensor placed on different materials and comparison of it which is shown in 

figure 8. 

 
 

Figure 8:Analysis for different Materials 

We were not able to show any significant difference in the frequency of the results obtained from the above 

analysis whatever we tried.  

C. Summary and Conclusion 

The goal of this experiment is to identify the use of Pair of Piezobuzzer -piezodisc sensor for different 

materials for SHM. Analysis is carried out in MATLAB through signal processingtechniques which include 

frequency domain analysis.The experiment carried found with the high tolerance because the low frequency 

range was used as signal transmission carrier. Depth of penetration of the low frequency is less. Piezo disc 

operates in low frequency and need to change for high frequency as well as experimental setup.To improve 

the result of this system need to increase the frequency range as well as different inputs have to use instead of 

piezo buzzer. 

Acknowledgement 

I would like to acknowledge the support of Dr. Priam V. Pillai, of mechanical department, Pillai Institute of 

information technology, Mumbai University, India in this research. 

REFERENCES 

[1]. Dheepan T, Arun Prasad S, "A Study of electromechanical behavior of Piezo ceramic Smart 

materials and application of Piezo ceramic (PZT) for vibration alerts in mobile phones", B. E. 

Manufacturing Engineering, College of Engineering, Anna University, Guindy, Chennai-25. 



International journal of Engineering Research-Online  

A Peer Reviewed International Journal   
Articles available online http://www.ijoer.in 

Vol.2., Issue.4, 2014 

 

61 RUPALI JADHAV  

 

[2]. B.Whittingham, H.C.H. Li, I. Herszberg, W.K. Chiu, "Disbond detection in adhesively  bonded 

composite structures usingvibration", www.elsevier.com/locate/compstruct Composite 

Structures 75 (2006) 351–363 

[3]. M. Gresil, L. Yu, V. Giurgiutiu,"Fatigue crack detection in thick steel structures with 

piezoelectric wafer active sensors Nondestructive Characterization for Composite Materials", 

Aerospace Engineering, Civil Infrastructure, and Homeland Security 2011, edited by H. Felix 

Wu, Proc. of SPIE Vol. 7983, 79832Y · © 2011 SPIE 

[4]. T. Hoon, M. Toshihiko, C.K. Tang, W.K. Chiu, "Fatigue Crack Detection Using Piezoelectric 

Elements", SIF2004 Structural Integrity and Fracture. 

http://eprint.uq.edu.au/archive/00000836 

[5]. Zhongqing Su, Lin Ye_, Ye Lu, "Guided Lamb waves for identification of damage in composite 

structures: A review", Journal of Sound and Vibration 295 (2006) 753–780 

[6]. Guofeng Du, "Feasibility Study on Crack Detection of Pipelines Using Piezoceramic 

Transducers", Hindawi Publishing Corporation International Journal of Distributed Sensor 

Networks Volume 2013, Article ID 631715, 7 pages 

[7]. http://velsaravanansmvelmurugen.blogspot.in/2012/04/relay-solenoid-etc.html 

[8]. Andrei Nikolaevitch Zagrai, "Piezoelectric-Wafer Active Sensor Electro-Mechanical 

Impedance Structural Health Monitoring"2002 

[9]. Kaixiang LI,"Structural vibration damping with synchronized energy transfer between 

piezoelectric patches", 2011, http://theses.insalyon.fr/publication/2011ISAL0088/these.pdf 

[10]. Dharma Raj Dhakal, Keshab Neupane, Chirayu Thapa1 & G. V. Ramanjaneyulu "Different 

Techniques of Structural Health Monitoring", International Journal of Civil, Structural, 

Environmental and Infrastructure Engineering Research and Development (Ijcseierd) Issn 

2249-6866 Vol. 3, Issue 2, Jun 2013, 55-66 ©Tjprc Pvt. Ltd. 

[11]. M. Sun, W. J. Staszewski, and R. N. Swamy,"Smart Sensing Technologies for Structural Health 

Monitoring of Civil Engineering Structures", Hindawi Publishing Corporation Advances in Civil 

Engineering Volume 2010, Article ID 724962, 13 pages   

[12]. Seunghee Park and Chung-Bang Yun,"Health monitoring of steel structures using impedance 

of thickness modes at PZT patches", Smart Structures and Systems, Vol. 1, No. 4 (2005) 339-

353 339 

[13]. C.K.Faizal,"Condition Assessmentof Structures Using Vibration Technique”, Indian Institute of 

Technology, New Delhi 

[14]. Zhongqing Su, Lin Ye_, Ye Lu, "Guided Lamb waves for identification of damage in composite 

structures: A review", Journal of Sound and Vibration 295 (2006) 753–780 

[15]. M. Sun, W. J. Staszewski, and R. N. Swamy,"Smart Sensing Technologies for Structural Health 

Monitoring of Civil Engineering Structures", Hindawi Publishing Corporation Advances in Civil 

Engineering Volume 2010, Article ID 724962, 13 pages   

[16]. Olguta Marinescu, MihaelaBanu, VasileMarinescu,"Identifying the Characteristics of Acoustic 

Excitation for Structural Health Monitoring of Blisks", 2010 the Annals of Dunărea De Jos” 

University Of Galaţi Fascicle V, Technologies in Machine Building, ISSN 1221-4566 

[17]. Seunghee Park, and Chung-Bang Yun,"Health monitoring of steel structures using impedance 

of thickness modes at PZT patches", Smart Structures and Systems, Vol. 1, No. 4 (2005) 339-

353 339 

[18]. Richard C. Mewer,2001, "Analysis and structural health monitoring of composite plates with 

piezoelectric sensors and actuators", B.S. The University of Maine, 2001 

[19]. Kirianaki, N. V., Yurish, S. Y., Shpak, N. O. and Deynega, V. P. (2002), “Data acquisition and 

signal processing for smart sensors”,John Wiley & Sons, Ltd. 1st edition.  


