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Abstract — Vibration-Based Structural Health Monitoring 

using IoT involves using sensors to detect vibrations in 

structures, like buildings or bridges. These sensors are 

connected to the Internet of Things (IoT), allowing real-time 

data collection and analysis. By monitoring vibrations, we 

can identify potential structural issues or damages early on. 

This helps in ensuring the safety and integrity of the structure 

by allowing timely maintenance or repairs, ultimately 

extending its lifespan. The techniques range from 

piezoelectric electromechanical impedance and ultrasonic 

Lamb wave methods to a class of cutting-edge self- powered 

sensing systems. We present the principle of the piezoelectric 

effect and the underlying mechanisms used by the 

piezoelectric sensing methods to detect the structural 

response. 

Keywords: IoT, Vibration Analysis, Structural Health 

Monitoring (SHM) 

I. INTRODUCTION 

Structural health monitoring (SHM) systems are vital 

elements of smart civil infrastructure. At its core, SHM is a 

systematic identification of damage in a structure using time-

varying data outputted over time. The SHM systems make 

use of sensing technologies to track and evaluate the 

symptoms of operational incidents, anomalies, and 

deterioration or damage indicators that may affect the 

operation, serviceability, safety or reliability. There has been 

a growing trend towards developing robust SHM methods for 

continuous monitoring, acquisition, validation and analysis of 

technical data to facilitate life-cycle management decisions. 

A number of SHM methods based on different principles 

were developed in the last three decades. These methods have 

been used for both global and local damage detection. Global 

damage detection deals with the overall structural response 

e.g., changes in mode shape and natural frequencies of the 

structure. Local damage detection is focused on screening 

structures at small scales of components and sub-components 

for damages (e.g., cracks, rust). Wireless sensor networks 

have revolutionized the traditional high-cost wired SHM 

systems due to their ease of placement, high spatial resolution 

and wirelessComputer application in the construction 

industry is minimal. A tool to study the safety and 

serviceability of concrete structures is scarce. For studying 

the real-time behaviour of concrete structures, IoT becomes 

vital. Viren B. Chandanshive and Arbaz M. Kazi states that a 

large Network will develop by Internet of Things with 

number of wireless perceptible “things” interactive with one 

another and participating the developments. Fig. 1 depicts the 

consents of the inhabitants and possessions that can be linked 

at any given time, at any place, with any person, using some 

network plus some broadband utility. The Ambient 

Intelligence, insidious computing and omnipresent 

computing concepts are basically adopted in the IoT. Civil 

engineering structures are usually designed to serve for 50 

years to 100 years, during which they are expected to 

maintain structural integrity. Unpredicted and un- expected 

structure failure due to accumulated damages during design 

life may cause significant life and economic losses therefore 

SHM is very important since it can monitor the structural 

response, evaluate the structural safety in real time and 

maintain structure safety and symmetry in nature. 

 SHM techniques have been developed for many 

years. Generally, the vibration based SHM methods are the 

most widely adopted. The objectives of these SHM 

approaches are determining the existence of structural 

damages, identifying the location and severity of structural 

damages, evaluating structure safety, predicting the 

remaining service life of the structure, and making decision 

of the maintenance strategy, if possible. In fact, the vibration 

characteristics of a structure are a function of its physical 

parameters. Structural damage causes change in physical 

parameters of the structure, and change in physical 

parameters therefore can be used as an indicator of structure 

health condition. Through the signal monitored by the sensors 

installed on the structure, the vibration characteristics can be 

extracted and the corresponding change can be detected and 

analysed. In addition, from the change of vibration 

characteristics, one can further obtain the change in the 

physical parameters of the structure to diagnose the structure 

health condition. Recently, with the rapid development of 

modern computer technology and the progress of sensor 

technology and signal processing technology, test signals can 

be accurately and quickly analysed and processed. Therefore, 

vibration-based structural health monitoring technology has 

become a research data transmission.  Despite their 

efficiency, the wireless SHM systems still have some 

limitations, such as difficulties implementing large-scale 

sensor networks, accurate damage localization, and a lack of 

appropriate principles to manage and interpret the data from 

extensive sensor networks. The other field that has witnessed 

significant growth within the SHM area is deploying smart 

materials as sensing components. Smart materials work with 

fundamentally different principles from conventional 

materials and exhibit greater sensitivity to any changes in 

their surrounding environment. Smart materials possess 

adaptive capabilities to external stimuli, such as loads or the 

environment, with inherent intelligence. Smart materials 

include optical fiber, piezoelectric polymers and ceramics, 

electro-rheological fluids, magneto-strictive materials and 

shape memory alloys. Among the various smart material 

types, piezoelectric materials have received notable attention 

for the SHM of civil infrastructure systems due to their 

special ability to respond to stimuli, embeddability and 

compatibility with construction materials. Piezoelectric 

materials are cost-efficient and can sense ambient vibrations 

in the host structures. By tuning the piezoelectric mode of 

operation, researchers have applied it in the design of 

advanced sensors such as a piezoelectric-excited guided wave 
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and piezoelectric electromechanical impedance sensors. 

Furthermore, recent studies in the area of self-powered 

piezoelectric-floating gate technology have shown the 

potential of using piezoelectric materials in securing a 

sustainable powering source for sensor networks. 

 In this theses we review the recent advances of 

piezoelectric sensing technologies for SHM. We classify the 

piezoelectric sensors according to their sensing and design 

functionalities. In the end, we envision the piezoelectric-

based technique as an intrinsic part of next-generation SHM, 

which can self-monitor structural systems and predict the 

occurrence of failures in Advance. 

II. OBJECTIVES 

 The ability to perform spatial SHM over large structural 

areas without a need to deploy hundreds of sensing 

nodes, 

 Enhancing sensitivity to various damage types, 

 On-board computation algorithms, 

 Reliable wireless communication techniques, 

 Enhancing the power density of piezoelectric sensors for 

self-powering applications, 

 Integrating the sensor with different plug-in 

functionalities, 

 Reducing the deployment cost via material design, 

optimal sensor placement strategies, etc. 

III. SYSTEM DEVELOPMENT 

A. Principle of Piezoelectric Sensing in SHM 

In the last two decades, there has been growing interest in 

developing new sensing technologies for SHM. The widely 

used piezoelectric methods use the piezoelectric principles 

for passive and active monitoring of the structural systems. 

The piezoelectric effect is a mutual coupling between 

electrical and mechanical variables in the material 

(mechanical stress, strain, and electrical field or charge).  

 In general, piezoelectricity implies the production of 

an electrical charge from a piezoelectric material when 

stressed mechanically. A reverse mechanism is also true, as a 

mechanical strain/stress is produced when an electrical 

field/charge is applied. Figure 1a demonstrates the 

piezoelectric sensing process, utilizing the direct or inverse 

response of the piezoelectric effect to monitor structures. In 

this context, piezoelectric materials have been used in 

different sensing devices as actuators, sensors, or both Figure 

1b provides   an   overview   of   some piezoelectric-enabled 

sensing technologies in SHM and the reviewed studies 

 
Fig. 1: (a) Principle of the direct and inverse response in the 

piezoelectric effect, and (b) SUMMARY of the studies in 

the piezoelectric-enabled sensing techniques in structural 

health monitoring 

B. Piezoelectric Guided Wave Ultrasonic Technique 

Guided waves are an essential category of mechanical waves. 

Guided waves are of particular importance in SHM because 

of their low energy loss, long propagation range and ability 

to travel inside curved walls. These features make them well 

suited for the ultrasonic inspection of tubular structures such 

as aircraft, pressure vessels, missiles, and pipelines. Guided 

waves include Rayleigh wave, a particular case of shear-

horizontal waves and Lamb waves. The Rayleigh waves 

travel close to the free surface with very little penetration in 

the solid depth. As a result, Rayleigh waves are also known 

as surface-guided waves .Shear-horizontal waves have 

particle motion contained in the horizontal plane defined 

between the x and z-axis. The focus of this study is on Lamb 

waves. These waves are guided between two parallel free 

surfaces, such as the upper and lower surfaces of plates and 

shells. Lamb waves exist in two basic modes symmetric and 

antisymmetric. They are highly dispersive and their speed 

depends on the product of frequency (f) and the plate 

thickness (t), i.e., (f × t). As f × t approaches infinity, the 

Lamb wave modes change into Rayleigh waves 

C. Design Principle and Paradigms 

Horace Lamb, in 1882, proposed the propagation of two sets 

of wave modes propagating in an infinite medium. The so-

called Lamb wave can be induced in plates and shells at 

specific excitation frequencies, as illustrated in Figure 2a. 

The Lamb wave properties are complex, and its velocity 

depends on the thickness of the plate. In reality, no plate is 

infinite, and Lamb waves are bounded by the plate or shell in 

which they propagate, leading to a waveguide effect. Hence, 

this type of wave is generally called a “guided” lamb wave. 

While the lamb wave method is popular in the area of non-

destructive evaluation, it has some limitations. Some of the 

challenges are the difficulties in generating specific wave 

modes with high enough amplitude, achieving a proper 

propagation, and clear “echoes” in return from defects. 

Therefore, a high degree of skill and careful excitation is 

required to deploy this method. A second challenge is that 
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mode conversion can take place as a result of reflection from 

the defects. This may result in difficulty in the interpretation 

of results. Lamb waves can be induced in materials in several 

ways, such as electromagnetic acoustic transducers 

(EMAT’s) and comb transducers. 

D. Applications of the Ultrasonic Lamb Wave Technique in 

SHM 

Piezoelectric wafer active sensors Technology The 

piezoelectric wafer active sensors technology uses 

piezoelectric material to generate Lamb waves and detects the 

reflected Lamb wave using the pulse-echo method. Lamb 

waves propagate in solid plates, and the reflected Lamb wave 

can be analysed to detect damages, as shown in Figure 2b, c. 

In the area of SHM, research work on Lamb wave has been 

majorly focused on two aspects: Lamb wave excitation and 

detection, and its application in damage detection. 

Researchers have applied this method to a wide range of 

problems such as corrosion detection, bolt loosening, crack 

detection, and delamination. More innovative approaches 

have focused on developing computational models to 

simulate piezoelectric-actuator-induced acoustic-ultrasonic 

wave propagation. The principle of Lamb wave generation 

and detection by piezoelectric wafer active sensors probes 

have been verified in laboratory experiments for the detection 

of cracks. The principal modes of piezoelectric wafer active 

sensors induced Lamb waves have been extensively studied 

by researchers.This method has been used as a multi-mode 

sensing system for corrosion detection, delamination in 

composite laminates, and the identification of damage in 

plate-like structures. 

 
Fig. 2: (a) A cracked aluminium plate showing incident 

Lamb waves, boundary reflected Lamb waves and damage 

reflected Lamb waves, (b) Experimental setup showing the 

plate, active sensors, and instrumentation, (c) the incident 

signal and the reflected signals on sensor, (d) Damage 

Metric(e) A CT specimen with piezoelectric wafer active 

sensors. 

 When an elastic wave propagates through the 

structure, the sensor is activated through the 

strain/displacement compatibility condition. The strain 

induced in the sensor generates an electric field that is 

captured as voltage at the sensor terminals. Consider an array 

of three active sensors acting as both actuators and receivers, 

as one sensor acts as an actuator (“A”), the others act as 

sensors (“B” and “C”).Piezoelectric wafer active sensors “A” 

generates elastic waves propagating through the structure and 

detected by sensor “B” and “C.” The sensed waves’ 

characteristics are affected by the presence of damage and 

other structural features, which are then analysed to detect the 

damage location. The system is rotated to sense other areas 

with sensor “B” and “C,” taking turns to generate waves with 

the rest of the sensors being wave receivers. As a rule of 

thumb, Lamb waves are guided by the boundaries of the solid 

materials media, which they propagate in the pulse-echo 

method and pitch-catch method are the basis of several non-

destructive guided wave testing. This sensor uses these 

methods to creates electrical pulses that are later transformed 

into mechanical vibrations by the piezoelectric wafer active 

sensors as shown in Figure 3b. Based on the reflection echoes 

and sound velocity in the material, discontinuities in the 

sample can be detected.  

 Figure 2c shows a typical result of the mechanism of 

lamb wave excitation and detection. The initial pulse and 

Reflections (echoes R1 to R8) can be seen in this figure. As 

an example, Figure 2d shows a thick steel structure where 

piezoelectric wafer active sensors has been used to perform 

an active and non-destructive evaluation of a fatigue crack 

using the guided wave pitch-catch method. The study 

included a finite element analysis and experimentation that 

can be found in the experimental procedure included fatigue 

testing of compact tension specimens that are commonly used 

in fracture mechanics. In such experiments, Piezoelectric 

wafer active sensors is bonded to the specimen to excite and 

receive the guided wave and to detect and quantify the crack 

length. The damage index is then quantified against crack 

growth, as shown in Figure 2e. 

E. Methods of Power Delivery to SHM Sensor Nodes 

In an SHM system, one of the critical challenges of 

continuous monitoring is securing a sustainable power 

resource. Sensor nodes can be powered via cables connected 

to a power source, built-in batteries, wireless power transfer, 

and energy harvesting. The cabled and battery-powered 

approaches are the most commonly uses methods in SHM. In 

cabled networks, each sensor is  connected  with  a  wire  to  

power  the  sensor,  which  makes  the  sensing  area  clustered. 

Battery-powered sensors use small dry cells to power each 

sensor. They are mostly implemented in significantly small 

sensors (coin-sized) and can wirelessly transmit data using a 

low-power radio signals. Most research in electromechanical 

impedance and guided ultrasonic lamb waves sensing 

employs either a wired or a battery-powered approach. 

Arguably, there is a need to enhance this SHM methods with 

wireless power transfer or energy harvesting capabilities. The 

wireless power transfer   or energy harvesting methods can 

readily empower more sensor nodes without the need to 

change batteries regularly or have a wire-clustered sensing 

area. The wireless power transfer methods can be categorized 

into radio frequency transfer, optical power transfer, 

ultrasonic transfer, capacitive power transfer, and inductive 

power transfer. The radio frequency transfer entails the use of 

radio signals in the frequency range of 300 GHz to 3 kHz to 

carry energy wirelessly over a reasonably long range with the 

aid of a transmitter and receiver. The OP transfer makes use 

of light in the ultraviolet, visible, and infrared bands of the 

electromagnetic spectrum to transfer energy from the source 

to receiver over long distances. Sources include power laser 
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diodes and sun, while receivers include solar cells, 

photovoltaic converter, or photodiode. The ultrasonic power 

transfer systems consist of ultrasonic transmitters and the 

receiving nodes being powered. Most ultrasonic power 

transfer systems bear a resemblance to vibration-based 

energy-harvesting systems. They use piezoelectric materials 

for the conversion of ultrasonic signals from a transmitter into 

electrical energy in a sensor node in a short transfer distance. 

The capacitive power transfer method utilizes a time-

changing electric field between capacitor terminals to transfer 

power via air. On one end of the capacitor, power is converted 

into an excitation form to excite a transmitter device. It 

generates a corresponding energy field and transmits it to the 

second terminal to power a load. This method is mostly suited 

to low power levels and across small distances in magnitudes 

of mm. The IP transfer occurs as a result of mutual magnetic 

coupling. A change in the current through at one terminal 

induces a voltage across the other terminal’s ends through 

electromagnetic induction. Power transfer occurs via a 

mutual flux linking primary and secondary coils, enabling 

power transfer to a resistive load, creating a voltage. 

Considering the ease of implementation, the most suitable 

wireless power transfer method for SHM methods are the 

radio frequency transfer (long-range wireless power transfer) 

and ultrasonic power transfer (short-range wireless power 

transfer) approaches. 

IV. DISCUSSION:  

A. Piezoelectric Sensing Techniques for Smart and 

Connected Civil Infrastructure. 

However, modern civil infrastructure systems are designed to 

achieve advanced functionalities for multipurpose   

applications   under   critical   conditions   such   as   

earthquakes, storms   and typhoons. There are serious 

concerns about the integrity of such complex structural 

systems. A viable solution to this issue is to integrate a 

network of smart and embeddable sensors into civil 

infrastructure systems with local artificial intelligence 

/machine learning data-processing frameworks, enabling 

next-generation smart, civil infrastructure systems built on 

the traditional systems’ skeleton. The features of the 

piezoelectric sensing techniques reviewed in this study make 

them an ideal option. A substantial portion of the research in 

this area has gone into the SHM of bridges and pavements. 

Arguably, more research is needed to harness the capabilities 

of the piezoelectric sensing methods in other critical 

structural systems such as flood and dams. Figure 7 envisions 

a smart, civil infrastructure platform with an integrated 

piezoelectric-based SHM functionality. In this platform, 

structures can wirelessly communicate health status, allowing 

for prompt assessment of the status and safety of those 

structures. However, a significant challenge would be to 

process the massive amount of information generated by the 

sensor networks, necessitating an enhanced smart, civil 

infrastructure platform with Big Data and cloud and edge/fog 

computing and internet-of-things (IoT) capabilities. 

Incorporating all of these features will create an ingenious 

and connected system that allows enhanced data-sharing and 

decision-foreseeing for the civil infrastructure systems. 

Besides, piezoelectric sensing techniques can play an 

essential role in maintaining the functionality of civil 

infrastructures under extreme conditions over a relatively 

long time. This topic needs remarkably more research. 

However, compared to other SHM sensing systems, 

piezoelectric sensors are still reliable and can be applied in 

different environments upon proper calibrations. With the 

development of energy harvesting techniques, wireless 

piezoelectric sensors have been expanded to self-powered 

sensing systems with high stability and sustainability in 

different SHM applications. Future smart civil infrastructures 

are expected to be capable of self-monitoring and self-

charging by integrating the piezoelectric nanogenerators and 

ultra-low power consumption circuits. 

 
Fig. 3: A vision for next-generation smart and connected 

civil infrastructure platform integrating advanced SHM, 

information, and data mining technologies. 

 With the development of energy harvesting 

techniques, wireless piezoelectric sensors have been 

expanded to self-powered sensing systems with high stability 

and sustainability in different SHM applications. Future 

smart civil infrastructures are expected to be capable of self-

monitoring and self-charging by integrating the piezoelectric 

nanogenerators and ultra-low power consumption circuits. 

Achieving these goals requires improving the piezoelectric 

sensing systems in the following aspects. 

1) What is Thinger.io? 

Thinger.io is a cloud IoT Platform that provides every needed 

tool to prototype, scale and manage connected products in a 

very simple way. Our goal is to democratize the use of IoT 

making it accessible to the whole world, and streamlining the 

development of big IoT projects. 

2) Thinger.io Main Features: 

Thinger.io platform is formed by two main products a 

Backend (which is the actual IoT server) and a web-based 

Frontend that simplifies working with all the features using 

any computer or smartphone. The image below shows the 

main features provides by this platform to create IoT projects. 

 
Fig. 4: shows the Step by Step method to create your free 

account and learn how to use all this technology. 
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3) Quick Start Guide 

To start working with Thinger.io just create a free account in 

our cloud platform and follow the next steps to configure and 

connect your first IoT device 

a) Create Device 

Using "Devices" menu tab, just click in "New device" button, 

and fill the form with the device ID, description and 

Credentials you prefer. 

 
Fig. 5: 

b) Connect Device 

After provisioning the device at Thinger.io cloud, it is the 

moment to configure it in the Hardware device. there are 

many different hardware supports and communication 

technologies but Thinger.io allows using all of them. 

c) Devices & Data management 

Each device can be managed through the "Device 

Dashboard". This interface shows connection data and also 

allows checking the "device API" with raw device data 

representation. 

 Thinger.io WiFi Button is a ready-to-go Internet of 

Things based dash-button that integrates ESP8266 processor 

with WiFi connectivity among a simple integration with 

Thinger.io platform events to provide flexible support for 

many different use cases. 

 
Fig. 6: 

V. PERFORMANCE ANALYSIS 

A. Experimental Details. 

1) Compressive strength testing of compacted slab 

 
Table 01: 

2) Compressive strength testing of Uncompacted slab 

 
Table 02: 

B. Results. 

1) Value of Vibration on Compacted Slab 

 
Table 03: 

a) Graph of average vibrations on compacted slab 

 
2) Vibrations recorded in Uncompacted slab 

 
Table 04: 

a) Graph of average vibrations on uncompacted slab 

 

125
159.67

41.67 46.17

VS1 VS2 VS3 VS4
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3) Comparison of vibrations recorded on compacted slab 

and uncompacted slab 

 
Table 5: 

a) Graph Shows the comparison of vibrations on 

compacted and uncompacted slab 

 
4) Water content recorded in compacted slab and 

Uncompacted slab 

 
Fig No. 01                                            Fig No.02 

Fig. 01: Shows moisture content of compacted slab (fig 1 a) 

and uncompacted slab (fig 2 b) In % 

 
Fig. 2: Comparison of Water Content recorded in compacted 

& uncompacted slab. 

 
Fig. 3: Alert Notification after crossing the limit. 

VI. CONCLUSIONS 

1) Vibrations on sensor (VS1) in compacted slab was 125 

mV, less as compared to vibrations in uncompacted slab 

sensor (VS1) which was 250 mV. 

2) Vibrations on sensor (VS2) in compacted slab was 

159.67 mV, less as compared to vibrations in 

uncompacted slab sensor (VS2) which was 269.33 mV. 

3) Vibrations on sensor (VS3) in compacted slab was 41.67 

mV, less as compared to vibrations in uncompacted slab 

sensor (VS3) which was 295 mV. 

4) Vibrations on sensor (VS4) in compacted slab was 46.17 

mV, less as compared to vibrations in uncompacted slab 

sensor (VS) which was 356.66 mV. 
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5) After performing the test it has been concluded that the 

maximum average vibrations on compacted slab (159.67 

mV) is less than vibrations on uncompacted slab (356.66 

mV) It indicates that if the structure is not compacted 

then due to the porosity excessive vibration are create in 

uncompacted slab. Hence it is recommended that 

concrete should be well compacted. 

6) Moisture content of compacted slab is 24% and Moisture 

content of uncompaced slab is 31 % if continuous exceed 

is detected then dampness and rusting of reinforcement 

may occurs this is not safe for existing structure.  

7) The concept of Structural health monitoring helps to 

identify a damage detection of structural system and 

notify them by notification on their mobile phones.  

8) It is observed that after crossing the safe limit the 

vibrations coming on the structure become very 

dangerous. This technology is helpful for detecting 

problem at an early and gives pop- up notification to the 

user for the Retrofitting of structural member if any 

damages observed. 

9) The IoT-Structural health monitoring system is well 

adapted to application scenarios such as smart houses 

and smart cities, boosting on one side safety for humans 

and goods and on the other side reducing the costs of 

periodic monitoring. Both of these features introduce the 

capability of the monitoring system to implement criteria 

for providing a prognosis about the residual life of the 

structure or to optimize its maintenance. 
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